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141. S 27.361 (through Amendment 27-23) ENGINE TORQUE. 

a. E x p l a n a t i o n . 

(1) The rotorcraft shall be designed for limit engine torque values, as 
prescribed b y the rule, to account for maximum engine torque, including certain 
transients and torsional oscillations. Amendment 27-23 separated the standard into 
paragraphs for turbine and reciprocating engine limit torque values. 

(2) Turbine engine limit torque for design purposes (Amendment 27-23) was 
redefined into four cases and the torque values determined will be used. For 
example, sudden engine stoppage Is introduced as one of the cases which is applied 
to the engine and the engine suspension and restraint system. Emergency operation 
of governor-controlled turboshaft engines is another case. 

(3) Torque factors are also specified for reciprocating engines having two 
or more cylinders in paragraph (b) of the standard. 

(4) Sections 27.547(e)(1)(ii) and 27.549(d), respectively, refer to the 
application of engine torque to design of main rotor structure a n d engine mount and 
adjacent structure. 

b. Procedures. 

(1) The engine torque associated with the maximum continuous (MC) power 
condition for reciprocating engines should be multiplied b y the appropriate torque 
factor to obtain the limit engine torque value used for structural substantiation of 
the rotorcraft. 

(2) The torque values associated with M C power at the minimum power-on 
r.p.m. limit should be used. Maximum power-on speed limit will result in a lower 
torque value when calculating torque from design horsepower values. However, due to 
piston engine power output characteristics, an engine may produce a higher torque at 
higher engine speeds contrary to the previous statement. The torque factor should 
account for this characteristic, 

(3) Turbine engine limit torque values are determined for the four cases 
specified. Two cases are related to the endurance test of §§ 27.923 and 27.927. 

(4) For sudden stoppage of turbine engines the engine manufacturers can 
reasonably provide FAA approved data to the applicant on inertia of rotating parts 
and the deceleration time expected in the event of sudden engine stoppage. This 
condition usually generates critical loads in the engine mounting and restraint 
system. These manufacturer's data should be acceptable for use in compliance with 
this part of the standard. 

142.-151. R £ S E M E D _ . * 
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SECTION 9. CONTROL SURFACE AND SYSTEM LOADS 

152. S 27.391 (through Amendment 27-191 GENERAL. 

a. Explanation. This general standard concerns requirements for design loads 
of tail rotors, control or stabilizing surfaces, and their control system. 

b. Procedures. The design criteria and/or the design loads report shall 
contain the loads dictated by the referenced rules. (See paragraphs 153, 154, 156, 
157, and 158 of this document.) 

153. S 27.395 (through Amendment 27-19^ CONTROL SYSTEM. 

a. Explanation. Control system design loads and the application of these 
loads are contained in this rule. 

(1) Paragraph (a) of the rule specifies the way or means of reacting the 
minimum design loads specified in §§ 27.397 and 27.399 (for dual control systems). 
Except reduced design loads, not less than 0.60 of those specified in §§ 27.397 and 
27.399 for dual control system, may be used as specified. The standard also 
applies to those control systems that may have more than one stop in a system. The 
design loads must be imposed on the system from the pilot's control to any stop in 
the control system. 

(2) Minimum design loads imposed on the control system from a stop to a 
rotor blade or a control surface or device shall be: 

(i) The maximum pilot forces obtainable in normal operation; 
and 

(ii) If low operational loads may be exceeded as noted in 
§ 27.395(b)(2), the system shall support without yielding 0.60 of the loads 
specified in §§ 27.397 and 27.399 for dual control systems. 

(3) Section 27.695 concerns standards for a power boost and 
power-operated control system. This standard, In effect, imposes a fail-safe 
standard for hydraulic aspects of a control system. Where appropriate to a 
particular design, the control system must therefore sustain without yielding, the 
maximum output force of the actuator when complying with § 27.395(a). The pilot 
input forces are not added to the actuator output forces according to this standard 
for normal category rotorcraft. These forces are independently applied to the 
control system. 

(4) Control system design features and tests requirements are found in 
§§ 27.619 and 27.625, respectively. Special factors such as casting, bearing, and 
fitting factors that may be appropriate for the design are contained in §§ 27.619 
and 27.625, respectively. 

308 (thru 328) 
Chap 2 
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SECTION 14. FATIGUE EVALUATION 

230. 6 27.571 ( th rough Amendment 27-26) FATIGUE EVALUATION OF FLIGHT STRUCTURE. 

a. Exp lana t i on . An e v a l u a t i o n i s r e q u i r e d t o assure s t r u c t u r a l r e l i a b i l i t y o f 
the h e l i c o p t e r i n f l i g h t . 

(1) Adv i so ry C i r c u l a r 20-95 con ta ins background i n f o r m a t i o n and acceptable 
means o f compliance w i t h the requ i rements . A safe l i f e may be ass igned or the 
s t r u c t u r e may be f a i l sa fe as p r e s c r i b e d or a combinat ion o f these may be used. 

(2) Mandatory i n s p e c t i o n s , s e r v i c e l i f e (replacement t imes) e t c . , 
determined i n comply ing w i t h the s tandard s h a l l be p laced i n the A i rwo r th i ness 
L i m i t a t i o n s Sec t ion o f the I n s t r u c t i o n s f o r Cont inued A i rwo r t h i ness (a l so c a l l e d 
Maintenance Manual ) . See Appendix A o f FAR F a r t 27, paragraph A27.4 and 
Paragraph 729 o f t h i s document f o r i n f o r m a t i o n . 

(3) Amendment 27-26 amended the s tandard t o r e q u i r e e v a l u a t i o n o f the 
l and ing gear and t h e i r r e l a t e d p r imary a t tachments . 

(4) Amendment 27-26 a l so amended the s tandard t o r e q u i r e e v a l u a t i o n o f 
g round-a i r -g round cyc les on the r o t o r c r a f t , and i f a p p l i c a b l e , o f e x t e r n a l cargo 
ope ra t i ons . P rev i ous l y e x t e r n a l cargo opera t ions were eva lua ted whenever the 
r o t o r c r a f t cargo combinat ion exceeded the " s tanda rd " maximum c e r t i f i c a t e d gross 
we igh t , and the e . g . range s p e c i f i e d i n § 2 7 . 2 5 ( c ) . I f these l i m i t s were no t 
exceeded, an e v a l u a t i o n was no t r e q u i r e d by the s tandard p r i o r t o Amendment 27-26. 

b. Procedures. 

(1) The f a t i g u e e v a l u a t i o n r equ i r es c o n s i d e r a t i o n o f the f o l l o w i n g 

f a c t o r s : 

( i ) I d e n t i f i c a t i o n o f the s t ruc ture /components t o be cons idered . 

( i i ) The s t r e s s d u r i n g o p e r a t i n g c o n d i t i o n s . 
( i i i ) The o p e r a t i n g spectrum or f requency o f occurrence i n c l u d i n g 

f requency o f g round -a i r - g round c y c l e s , as w e l l as e x t e r n a l cargo o p e r a t i o n s . 

( I v ) Fa t igue s t r e n g t h , and/or f a t i g u e crack p ropaga t ion 
c h a r a c t e r i s t i c s , r e s i d u a l s t r e n g t h o f the cracked s t r u c t u r e . 

(2) Since the des ign l i m i t s , e . g . , r o t o r rpm (maximum and minimum), 
a i r speed , and b lade angles ( t h r u s t , we igh t , e t c . ) a f f e c t the f a t i g u e l i f e o f the 
r o t o r system, i t i s necessary t h a t f l i g h t c o n d i t i o n s be conducted a t l i m i t s t h a t are 
app rop r i a te f o r the p a r t i c u l a r h e l i c o p t e r and a t the c o r r e c t combinat ion o f these 
l i m i t s . I t w i l l be the r e s p o n s i b i l i t y o f eng ineer ing and f l i g h t t e s t personnel t o 
determine t h a t the f l i g h t s t r a i n program proposa l i nc ludes c o n d i t i o n s o f f l i g h t a t 
the va r i ous combinat ions o f r o t o r rpm, a i r s p e e d , t h r u s t , e t c . , t h a t w i l l be 
r ep resen ta t i ve o f the l i m i t s used i n s e r v i c e . The f l i g h t t e s t personne l should 
assure t h a t the s e v e r i t y o f the maneuvers t o be i n v e s t i g a t e d i s such t h a t a c t u a l 
se rv i ce use w i l l no t be more severe. V e r i f i c a t i o n t h a t proposed maneuvers are 
s u i t a b l e may be achieved by : * 
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(1) F l y i n g a r e p r e s e n t a t i v e se t o f maneuvers w i t h the a p p l i c a n t ' s 
p i l o t i n the t e s t a i r c r a f t a t n o n c r i t i c a l combinat ions o f w e i g h t , e . g . , and speed. 
(An FAA l e t t e r f o r s p e c i f i c t e s t a u t h o r i z a t i o n would o r d i n a r i l y be r e q u i r e d . ) I f 
the procedure i s used, the a p p l i c a n t shou ld p rov ide adequate p r e l i m i n a r y f l i g h t 
s t r a i n da ta f rom development o r o the r t e s t s t o c o n f i r m a c l e a r e d ( n o n - c r i t i c a l ) 
f l i g h t envelope f o r conduct o f these r e p r e s e n t a t i v e maneuvers. 

( i i ) F l y i n g a r e p r e s e n t a t i v e se t o f maneuvers w i t h the a p p l i c a n t ' s 
p i l o t i n a s i m i l a r ( c e r t i f i e d ) model t o assess and agree upon the r e q u i r e d 
maneuvers, c o n t r o l d e f l e c t i o n s , and a i r c r a f t r a t e s . The r e q u i r e d maneuvers o r 
c o n d i t i o n s w i l l be s p e c i f i e d i n the f l i g h t s t r a i n program p l a n . 

( i l l ) F l y i n g a chase a i r c r a f t which has a f l i g h t envelope app rop r i a te 
t o a l l ow v i s u a l c o n f i r m a t i o n o f the proposed and programed f l i g h t maneuvers. 

( i v ) Observa t ion o f te lemete red f l i g h t da ta t o assure des i r ed c o n t r o l 
d e f l e c t i o n s , r a t e s , and a i r c r a f t a t t i t u d e s . 

( v ) Some combinat ions o f i tems b ( 2 ) ( i ) th rough b ( 2 ) ( i v ) above. 

(3) Assessing the o p e r a t i o n spectrum and the f l i g h t loads o r s t r a i n 
measurement program w i l l i n v o l v e a i r f r a m e , p r o p u l s i o n , and f l i g h t t e s t pe rsonne l . 

(4) V a r i a t i o n i n the o p e r a t i n g o r l o a d i n g spectrum among models, and 
v a r i a t i o n s i n the spectrum f o r a p a r t i c u l a r model h e l i c o p t e r , shou ld be eva lua ted . 
AC 20-95, paragraph 7, e n t i t l e d "Loading Spect rum," con ta ins the statement t h a t 
Table 1 ( o f the c i r c u l a r ) con ta ins t y p i c a l pe rcen t o f occurrences f o r v a r i o u s f l i g h t 
c o n d i t i o n s f o r a s i n g l e - p i s t o n - e n g i n e powered sma l l h e l i c o p t e r used i n u t i l i t y 
o p e r a t i o n s . I n a d d i t i o n , the t a b l e shou ld be used on l y as a guide and shou ld be 
m o d i f i e d as necessary f o r each p a r t i c u l a r r o t o r c r a f t d e s i g n . 

(5) The d i f f e r e n c e i n l o a d i n g spectrum f o r d i f f e r e n t models t h a t may be 
a n t i c i p a t e d i s i l l u s t r a t e d by comparing the percentage o f t ime ass igned t o l e v e l 
f l i g h t c o n d i t i o n s , s p e c i f i c a l l y 0.8 V H t o 1.0 V„ f o r t h ree d i f f e r e n t h e l i c o p t e r 
designs as shown i n Table 2 3 0 - 1 . (V H i s the maximum a i r speed a t maximum cont inuous 
power i n l e v e l f l i g h t . ) The f i r s t column was ob ta ined f rom Table 1 , AC 20-95 which 
a p p l i e s t o a s i n g l e - p i s t o n - e n g i n e powered sma l l h e l i c o p t e r used i n u t i l i t y 
o p e r a t i o n s . The second column i s a p p r o p r i a t e f o r a s i n g l e - t u r b i n e - e n g i n e powered 
seven-place sma l l bus iness and u t i l i t y h e l i c o p t e r . The t h i r d column i s app rop r i a te 
f o r a tw in-eng ine-powered 13 passenger t r a n s p o r t h e l i c o p t e r . I t shou ld be noted 
t h a t the l e v e l f l i g h t percentage o f occurrences shown i n Table 230-1 f o r the t u r b i n e 
u t i l i t y bus iness and t u r b i n e t r a n s p o r t h e l i c o p t e r s are examples o f p a r t i c u l a r 
des igns . The h i g h percentage o f t ime shown i n t h i s l e v e l f l i g h t regime cou ld be 
unconserva t i ve f o r some des igns , e s p e c i a l l y i f the s t resses under these des ign 
c o n d i t i o n s produce an i n f i n i t e f a t i g u e l i f e f o r the p a r t i c u l a r component. The 
f a t i g u e spectrum percentage o f occurrences i n AC 20-95 s h a l l be m o d i f i e d accord ing 
t o the in tended o p e r a t i o n a l usage o f the h e l i c o p t e r . However, a conse rva t i ve 
a p p l i c a t i o n should be cons ide red . Th i s v a r i a t i o n I l l u s t r a t e s the " t a i l o r i n g " o f the 
l o a d i n g spectrum f o r the type o f h e l i c o p t e r and the a n t i c i p a t e d usage. 
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Table 230-1 

Comparison Percent of Time in Level Flight 

Piston 
y t i U t y 

0.8 V H E 25X 
1.0 V H 15X 
1.0 V h e 3% 

Turbine 
Utility 
Business 

0.8 V H 162 
* - V H 21X 

V H 24X 
0.9 
1.0 v" 

Twin Turbine 
Transport 

0.8 
0.9 vi 

V a 15% 
V B 20* 

1.0 V H fB 3 8 X 

Total 43% 61% 73% 

(6) External cargo operations are a unique and demanding operation. A 
"logging" operator may use 50 maximum power applications per flight hour to move 
logs from a cutting site to a hauling site. Power is used to accelerate, 
decelerate, or hover prior to load release. Lifting loads over an obstruction or 
natural barrier is another example of very frequent high power applications for 
takeoff and for hovering over the release area. Similar types of operations require 
flight l o a d B data to assess the effects on fatigue critical components. 

(7) The impact of the external cargo operation on standard configuration 
limits should be assessed to determine whether or not the component service lives, 
inspections, etc., will be affected. The assessment may be done by calculating an 
"external cargo configuration" service life for each critical component. The lowest 
service life obtained from standard configuration flight loads data and loading 
spectrum, or from external cargo configuration flight loads data and loading 
spectrum or from frequent ground-air-ground cycles Is generally the approved service 
life or replacement time. Since the FAA maintenance and operating rules do not 
require recording time in service for the different types of operations, this 
procedure could be used if an "operational cycles" equation for equivalent flight 
hours is not approved (see (8) below). 

(8) The Airworthiness Limitations Section of the maintenance manual shall 
contain the required information derived from complying with the standard. If an 
"operational cycles" equation for "equivalent flight hours" is approved under the 
standard, the equation is included in this approved section of the manual. 

(9) The applicant should plan to conduct a flight loads survey program for 
both a standard configuration and an external cargo configuration, If applicable. 
The ground-air-ground cycle is Inherent In these conditions. This procedure will 
avoid delays associated with reinstallation and calibration of equipment. 

231.-240. RESERVE]). 
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SECTION 15. DESIGN AND CONSTRUCTION - GENERAL 

241. § 27.601 ( through Amendment 27-19) DESIGN. 

a. Exp lana t ion . 

(1) Th is r u l e requ i res t h a t no des ign f ea tu res o r d e t a i l s be used 
t h a t experience has shown to be hazardous or u n r e l i a b l e . 

(2) Fu r the r , the r u l e requ i res t h a t the s u i t a b i l i t y o f each 
quest ionable design d e t a i l and p a r t must be e s t a b l i s h e d by t e s t s . 

b. Procedures. 

(1) Th is r u l e i s met p a r t i a l l y by a rev iew o f s e r v i c e h i s t o r y o f 
e a r l i e r model r o t o r c r a f t , or f o r a new model, rev iew o f s e r v i c e exper ience o f 
models w i t h s i m i l a r des ign f e a t u r e s . S p e c i f i c a l l y , t h i s r u l e covers " f e a t u r e s 
or d e t a i l s " such as the f o l l o w i n g : 

(1) Seat t r a c k - t o - s e a t i n t e r f a c e f i t t i n g s . These f i t t i n g s should 
have adequate l o c k i n g devices to prevent bo th premature s t r u c t u r a l f a i l u r e and 
premature u n l a t c h i n g . 

( i i ) Seat b e l t and harness should be o f a type and c o n s t r u c t i o n 
t h a t se rv i ce experience has shown t o be easy to don and u n l a t c h and remove. 
They should a lso be o f a type t h a t i s r e l i a b l e , does no t i n t e r f e r e w i t h 
egress, and does not s u s t a i n unnecessary wear and t e a r under normal 
ope ra t i ons . 

( i i i ) M e t a l l i c pa r t s less than a c e r t a i n th i ckness gauge and 
composite ma te r i a l s less than a c e r t a i n number o f p l i e s should no t be used. 
The minimum th ickness and number o f p l i e s shou ld be based t o a l a rge degree on 
serv ice (normal wear and t e a r ) exper ience w i t h s i m i l a r des igns . 

(2) The e f f e c t s o f se rv i ce wear on the l oad ing o f c r i t i c a l components 
should be cons idered . F l i g h t t e s t i n g , ground t e s t i n g , and analyses may be 
used i n these c o n s i d e r a t i o n s . 

(3) Tests are r e q u i r e d f o r d e t a i l s and p a r t s which the a p p l i c a n t 
chooses to use a f t e r quest ions have a r i s e n concern ing t h e i r s u i t a b i l i t y . 

424 ( t h r u 444) 
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c. Procedures. 

Chap 2 
Par 246 449 

(1) Certification Plan. Although not a regulatory requirement, it is 
recommended that a formal written certification plan be used to assure regulatory 
compliance. The use of this plan is beneficial to both the applicant and the FAA 
because it identifies and defines an acceptable resolution to the critical issues 
early in the certification process. These are the usual steps to be followed when 
utilizing a certification plan: 

(i) Prepare a certification plan which describes the analytical 
procedures and/or the qualification tests to be utilized to demonstrate protection 
effectiveness. Test proposals should describe the helicopter and system to be 
utilized, test drawing(s) as required, the method of installation that simulates the 
production installation, the lightning zone(s) applicable, the lightning simulation 
method(s), test voltage or current waveforms to be used, diagnostic methods, and the 
appropriate schedules and location(s) of proposed test(s). 

NOTE: The recommended reference for quantification of the lightning environment, 
the determination of the aircraft lightning strike zones, and the determination of 
appropriate test methods is SAE AE4L Committee Report, dated June 20, 1978, 
Lightning Test Waveforms and Techniques for Aerospace Vehicles and Hardware. 
Additionally, information may also be found in the NASA publication No. RP-1008, 
Lightning Protection of Aircraft. 

(Ii) Obtain FAA concurrence that the certification plan is adequate. 

(Iii) Obtain FAA detail part conformity of the test articles and 
installation conformity of applicable portions of the test setup. Obtain FAA 
approval of the test proposal. A comprehensive test proposal may be used. 

(iv) Schedule FAA witnessing of the test or tests proposed. 

(v) Submit a test report describing all results and obtain FAA 
approval of each report prepared. 

(2) Test Conditions. Refer to SAE AE4L Committee Report, dated June 20, 
1978, and the NASA publication noted in paragraph c(l)(i) to determine the 
appropriate test parameters. 

(3) Aircraft Design Features and Criteria. MIL-B-5087B, Amendment 2 or 
later amendment, contains valuable information to assist the designer. Figure 6 in 
the specification contains fault current versus bond resistance information. Refer 
to the NASA publication noted above also. 

(i) Aluminum wire screen or mesh applied to the control or 
stabilizing surface and electrically bonded at each joint or juncture has been 
successful in conducting the current without serious damage. 

(ii) Metal skin surfaces combined with surface wire screen or mesh 
have been successful. Also, successful use of surface treatment has been reported. 
For composites, treatments such as the following have been used: flame spray 
coatings, aluminized glass, metal foil, metallized fabrics, and conductive paint. 
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(iii) Ball or roller bearings may be used to conduct the current at 
rotating joints. However, increased friction or possible seizure of the bearing may 
occur. The potential for this should be evaluated. Inspection and replacement 
criteria for possible damage should be addressed in the manual for continued 
airworthiness. Bearings are especially susceptible to pitting and internal arcing. 

(iv) Report DOT/FAA/CT-86/8, April 1987, Determination of Electrical 
Properties of Grounding, Bonding, and Fastening Techniques for Composite Materials, 
may assist the applicant. 

(4) Fuel Systems. Refer to Report DOT/FAA/CT-83/3 referenced in 
paragraph 246a. For additional information on the lightning protection requirements 
for fuel systems for rotorcraft with a certification basis which includes 
Amendment 27-23 refer to paragraph 451 of this AC. 

247. S 27.611 (through Amendment 27-19) INSPECTION PROVISIONS. 

a. Explanation. The rotorcraft must have access panels or openings that will 
allow for proper maintenance and/or adjustment of the rotorcraft systems. 

(1) The rule states: "There must be means to allow close examination of 
each part that requires recurring inspection, adjustment for proper alignment and 
functioning, or lubrication." 

(2) "Structural" or load-carrying access panels may be used to comply with 
the rule. Structural panels should have stencils or permanent labels 
(§ 27.1541(a)(2)) stating the panels must be installed prior to ground 
or flight operation. 

(3) Holes or "nonstructural" access panels should be used whenever 
possible. 

b. Procedures. 

(1) The determination of compliance can be accomplished in conjunction 
with the following activities: 

(i) Reviewing type design drawings. 

(ii) Conformity inspections accomplished during certification testing. 

(iii) Be evaluated during the control system proof and operation tests 
(§§ 27.681 and 27.683). 

(iv) During type inspection tests and functioning and reliability 
testing. 

(2) Equipment requiring frequent inspections (at less than 25-hour 
Intervals), lubrication, or adjustments should be accessible through "nonstructural" 
doors. Areas or items requiring dally attention should be accessible through 
"nonstructural" doors since properly rated maintenance personnel are required to 
"open and close" or reinstall structural panels, and special design features, such 
as multiple pins and latches, are generally necessary for structural doors. 

450 (thru 454) Chap 2 
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SECTION 16. ROTORS 

265. S 27.653 (through Amendment 27-191 PRESSURE VENTING AND DRAINAGE OF ROTOR 
BLADES. 

a. Explanation. The rule requires each rotor blade to be provided with 
venting and drainage means (i.e., holes, etc.) or else the blade must be sealed 
and designed to withstand internal pressure. 

b. Procedures. Although the rule provides for venting and drainage 
features, recently certificated blades have been designed to be sealed and to 
sustain the "maximum pressure differentials expected in service." For modern 
blade designs, the internal pressure buildup due to environmental effects and 
centrifugal acceleration effects (near the tip) can be readily sustained with 
moisture sealing accomplished. The use of sealed blades is highly advantageous 
and recommended because of the possibility for severe corrosion damage resulting 
from trapped moisture and because of the difficulty in finding internal 
corrosion damage by use of field level inspections. 

266. S 27.659 (through Amendment 27-191 MASS BALANCE. 

a. Explanation. The rule requires that mass balancing of rotors and 
blades be provided, as necessary, to prevent excessive vibration and flutter. 
Further, the rule requires structural substantiation of the mass balance 
installation. 

b. Procedures. 

(1) The weight, geometry, and location of rotor and blade mass balance 
devices are determined as the requirements of §§ 27.571 and 27.629 are met. 

(2) The structural substantiation should show static strength to meet 
the maneuver and gust loads of §§ 27.337, 27.339, and 27.341. In addition, the 
main rotor loads of § 27.547(c) should be substantiated. The fatigue strength 
of the mass balance devices (including structural supports) should meet the 
requirements of § 27.571. 

(3) In addition to the appropriate strength requirements, some recent 
designs have included features which trap the balance weight inside a limited 
area even if the primary attachment means (adhesive, bolts, etc.) fail. This 
type of design feature is recommended because of the severe loading environment 
to which balance devices are subjected. 

Chap 2 
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267. S 27.661 fthrough Amendment 27-21) ROTOR BLADE CLEARANCE. 

492 Chap 2 
Par 267 

a. Explanation. 

(1) The rotors, main and tail, must not strike other parts of the 
rotorcraft during any operating condition. 

(2) Section 27.411 concerns protection of the tail rotor from a ground 
strike. 

b. Procedures. 

(1) The applicant should have drawings or sketches of the rotorcraft that 
show an adequate minimum clearance between the rotors, main and tail, and parts of 
the rotorcraft. Probable flexing of the rotors should be considered in determining 
the minimum clearance. 

(2) During parts of the FAA-conducted flight test program, frangible 
devices (wood dowels) or other means of measuring clearance, may be requested to 
confirm that the clearance shown in the drawings or sketches is adequate in certain 
operating conditions. Balsa wood dowels may be clamped to the aft part of the 
fuselage within the rotor arc. If the devices are intact after autorotation landing 
tests and other tests involving typical abrupt, cyclic, and rudder pedal 
displacements, the clearance should be satisfactory and compliance obtained. If 
such measuring devices are used, the type inspection report should contain a record 
of clearance found during the tests. It is not necessary to precisely determine the 
clearance but only necessary to determine "enough clearance" as stated in the rule. 

268. S 27.663 (through Amendment 27-26) GROUND RESONANCE PREVENTION MEANS, 

a. Explanation, 

(1) This rule, adopted in Amendment 27-2 and revised in Amendment 27-26 
requires reliability and damping action investigation for the ground resonance 
prevention means. The probable range of variations in service, not just the 
allowable range, must be established and investigated as prescribed. This probable 
range includes operation on the ground, and other appropriate landing surfaces 
applicable to the rotorcraft design shall be considered. Quantitative test data are 
generally obtained in compliance with this rule, but analysis or tests may be used. 

(2) Appropriate maintenance information should be included in the 
maintenance manual (also called instructions for continued airworthiness). 

(3) Paragraph 99 of this document concerns demonstrating freedom from 
ground resonance during certain applicant and TIA verification evaluations or tests 
of the rotorcraft. Section 27.241 complements the requirements of § 27.663, As 
noted in Paragraph 99 of this document, the FAA removed from CAR Part 6 a specific 
requirement for a ground vibration survey. However Section 27.663 was adopted by 
Amendment 27-2 to investigate possible sources of ground resonance and to assure the 
reliability of the ground resonance prevention means, i.e., dampers, if necessary, 
to preclude occurrence of ground resonance. The total rotorcraft system is 
evaluated under this rule. 
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b . Procedures. 
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(1) The aircraft structural design loads should contain a maximum static 
load imposed on the tires. The load is derived for a static ground reaction 
assuming the design (maximum) weight and the critical center of gravity for each 
tire of the landing gear. The wheel loads are determined under § 27.731(b). 
Reduced weight but forward e.g. conditions may result in the highest static load on 
a nose wheel tire. Thus, combinations of weight and e.g. locations require 
investigation for the maximum tire load of each main, nose, and tail wheel tire. 

(2) The maximum possible size of the tires considering appropriate 
temperatures, aging, and pressure should be obtained to check wheel well and cover 
clearances. Tire dimensions (for clearances) may be found in the yearbook noted in 
paragraph 303b(4). If the tire clearance is questionable, objects may be taped to 
the tire to simulate tire growth or oversize dimensions expected and the wheel 
retracted and rotated by hand to check for possible interferences. Minimum 
clearance, such as one-half inch, may be adequate as a design objective. The design 
drawings should be reviewed for information of correct systems installations and 
landing gear rigging within the wheel wells and wheel covers, if installed. If 
necessary to control tire sizes, specific manufacturer's tires should be used as 
"required equipment" and the tire manufacturer and the part number should be 
specified In the design data and o n the type certificate data sheet as "required 
equipment." 

(3) As specified in Paragraph d of new § 27.729 adopted by 
Amendment 27-21, an operation test of any retractable landing gear should be 
performed. During this operation test, the tire clearances described in 
Paragraph b(2) should be determined and recorded. Only the least or minimal 
clearance found, if adequate, should be recorded in the type inspection report or 
other appropriate type design report. * 

(4) The Tire and Rim Association, Inc., generally issues a yearbook 
listing tire and wheel rim sizes and ratings. This information is advisory as 
stated in the yearbook. Section 9 concerns aircraft tires and rims. Table AP-5 in 
Section 9 of the yearbook concerns tires used on helicopters. The tire may be 
selected initially from the yearbook, but qualification data for the specific tires 
used shall be furnished with the type design data in compliance with the standards. 
Section 9 also contains tire size and tire growth dimensions. 

(5) Aircraft Tires. Minimum performance standards for aircraft tires, 
excluding tail wheel tires are found in TS0-C62, Aircraft Tires. Tires meeting 
TSO-C62 are marked as prescribed in the standards. The load rating (ref. § 27.733) 
is marked o n the tire. TSO tires are not required but should be used whenever 
possible. The manufacturer's information, such as load rating, should be included 
in the aircraft type design structural substantiation data. 
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304. 6 27.735 (through Amendment 27-19) BRAKES. 

562 
Chap 2 
Par 304 

a. Explanation. 

(1) Brakes are required for wheel landing gear aircraft. Minimum 
performance standards are contained in this section. During the course of the FAA 
flight test program and of any F&R program conducted under § 21.35, the brakes shall 
be used and evaluated. 

(2) Design criteria are contained in this standard. 

(i) The braking device must be controllable by the pilot. It is 
optional for the second pilot station except as may be specified under the 
provisions of § 27.771. 

(ii) The braking device must be usable during power-off landings. 

(3) Performance criteria are also contained in this standard. 

(i) The brakes must be adequate to counteract any normal unbalanced 
torque when starting or stopping the rotor or rotors. 

(ii) The brakes must be adequate to hold the rotorcraft parked on a 
10° slope on dry, smooth pavement. 

(4) In §§ 27.493(b)(2) and 27.497(g)(2)(ii), limiting brake torque is one 
ground load standard for design of the landing gear. 

(5) Although not specifically noted in a standard, the position of the 
brake on the wheel is important. The brake should be positioned to avoid ground 
contact whenever the tire is deflated. 

(6) TSO-C26 contains minimum performance standards for aircraft landing 
wheels and wheel-brake assemblies. For rotorcraft, a wheel-brake assembly design 
rating is established by the manufacturer. The TSO standard for rotorcraft brakes 
specifies a 20° slope standard (rather than a 10" slope) for an over-pressure 
hydraulic brake test. 

(7) The brake application device at the pilot station Is subject to other 
structure strength standards in this Part, such as the limit pilot forces or torque 
specified in § 27.397. 

b. Procedures. 

(1) Wheel-brake assemblies approved under TS0-C26 will have various 
(rotorcraft) ratings as specified in the standard. One rating of TSO standard 
for a rotorcraft wheel-brake assembly Is the kinetic energy capacity in 
foot-pounds at the design landing rate of absorption. The design takeoff and 
landing weight and rotorcraft speed In knots for brake application are a part of 
the equation. The brake manufacturer should furnish this rating and the two 
noted parameters for the selected design or designs. The ratings of selected 
brakes should be included in a structural design data report such as a design 
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SECTION 19. FLOATS AND HULLS. 

316. S 27.751 (through Amendment 27-21 MAIN FLOAT BUOYANCY. 

a. Explanation. 

(1) The section specifies standards for single and multiple float buoyancy 
in fresh water. The standard does not apply to ditching/emergency flotation devices 
but to amphibian rotorcraft devices. 

(2) It is a design and a performance standard. Rigid or inflatable floats 
may be used. Enough water tight compartments (per Amendment 27-2) rather than a 
specific number are required to minimize the probability of capsizing when one 
compartment is flooded or deflated. 

b. Procedures. 

(1) Excess buoyancy. A minimum of 50 or 60 percent in excess of the 
maximum certificated weight of the rotorcraft is required for single or multiple 
floats respectively. The weight of fresh water (density 62,42 pounds per cu. ft.) 
displaced by fully submerged float or floats (total volume at operating pressure of 
each float is used) should be a minimum of 50 or 60 percent greater than the maximum 
certificated weight of the helicopter. 

(2) Capsizing. 

(i) Each float should have enough sealed, separate and approximately 
equal volume compartments to minimize the probability of capsizing when the critical 
compartment is flooded or deflated. Five or more compartments in each float are 
usually.necessary to meet the standard. Ten compartments per float have been 
employed In certain designs. 

(ii) A n analysis or test or combination thereof may be used, if 
necessary, to prove a positive margin of stability with the most "critical" 
compartment in one float flooded or deflated, that is ineffective. 

(iii) The location of the floats, and the most critical compartment, 
the helicopter weight, mass moment of inertia, and center of gravity location are 
also important considerations for capsize stability. 

317. S 27.753 (through Amendment 27-21) MAIN FLOAT DESIGN. 

a. Explanation. Loads and load distributions are specified for float design 
as follows: 

(1) Bag floats are to be designed for: 

(i) The maximum pressure differential developed at the maximum design 
altitude. 

(ii) The vertical loads prescribed in § 27.521(a) distributed over 
three-fourths of the bag's projected area. 

Chap 2 
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(2) Rigid floats are to be designed for vertical, horizontal, and side 
loads prescribed in § 27.521 distributed along the length of the float. 

b. Procedure. Structural substantiation may be accomplished by static tests 
or analyses using the specified loads. Substantiation should cover the float and 
float attachments. 

318. 6 27.75S (through Amendment 27-21) HULLS. 

a. Explanation. 

(1) The section requires amphibious rotorcraft with a single hull (main 
float design) and with auxiliary floats (outriggers) to provide a margin of positive 
stability great enough to minimize the probability of capsizing when any single 
(usually the most critical) compartment is flooded. Landing gear wheel tires may be 
used for stability purposes as well. 

(2) Limitations for water operation are not intended by this section, but 
information for water operation must be included in the rotorcraft flight manual. 

(3) Wave height or sea state and bouyancy relative to fresh water is not 
specified but is encompassed in the objective statement of § 27.751(b). 

(4) Section 27.751 specifies an excess bouyancy requirement of 50 percent 
for single main floats (hulls) and contains a capsize/stability standard also. This 
section complements § 27.755 for certain hull designs. 

(5) Sections 23.751, 23.755, and 23.757 concern design standards for small 
airplanes and may provide insight into possible rotorcraft hull designs. 

b. Procedures. 

(1) The main hull must have multiple compartments. Assuming the hull has 
50 percent excess bouyancy capacity, six to ten sealed compartments of approximately 
equal volume would allow loss of one with at least 25 percent excess capacity 
remaining. However, the attitude of the rotorcraft is critical with respect to 
capsize stability, and additional compartments may be necessary. 

(2) The designer must consider separately the loss of bouyancy for each 
critical compartment, the aircraft center of gravity, and attitude in the water for 
the appropriate sea state or water height. Sea state 4, moderate, as noted in table 
338-1 of this advisory circular is acceptable. 

(3) The auxiliary floats (outrigger) must have multiple compartments. In 
addition, wheel tires may be used as a compartment if applicable to the design. 

(4) For each critical condition under consideration, a single compartment 
for either the main hull or auxiliary float should be flooded or collapsed. 
Combined failures, one in each, are not required. 

(5) Model stability (or capsize) tests are encouraged to demonstrate 
compliance with this section. 

319.-329. RESERVED. 

586 Chap 2 
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332. S 27.775 ( th rough Amendment 27-211 WINDSHIELDS AND WINDOWS. 

a . Exp lana t i on . The use o f n o n s p l l n t e r i n g s a f e t y g lass I s s p e c i f i e d when 
g lass i s used i n w indsh ie l ds and windows t o p r o t e c t crew and passengers i n the event 
t h a t window f r a c t u r i n g occu rs . 

b . Procedures. Use n o n s p l l n t e r i n g s a f e t y g lass i n w i n d s h i e l d o r window 
a p p l i c a t i o n s which c o n t a i n g lass r a t h e r than p l a s t i c a c r y l i c s , po l yca rbona tes , 
epoxys, e t c . The g lass s e l e c t e d shou ld meet a s p e c i f i c a t i o n such as MIL-G-25871, 
and i f new vendors are s e l e c t e d by an a i r f r a m e manufac turer , t e s t da ta should be 
ob ta ined f rom the vendor t o demonstrate the s a f e t y g lass p rov i ded meets an 
acceptable s p e c i f i c a t i o n and p rov ides adequate n o n s p l l n t e r i n g c a p a b i l i t y . 

592 Chap 2 
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333. S 27.777 COCKPIT CONTROLS. 

Chap 2 
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a. Explanation. This section defines the general cockpit control 
requirements. Cockpit control location and arrangement with respect to the pilot's 
seat must be designed to accommodate pilots from 5'2" to 6'0" in height, 

b . Procedures. 

(1) The applicant should have a cockpit design report which documents the 
anthropometric suitability of the cockpit. Subsequent cockpit evaluations of 
control movement and location should be conducted with adjustable seats and/or 
controls positioned in a flight position for the subject pilot. Essential controls 
should be evaluated with the shoulder harness locked in the retracted position. 
Evaluation pilots should be aware of their individual anthropometric measurements 
and temper their assessments based on this information. Ideally, a new design 
should include evaluations by a range of different sized subject pilots. Control 
considerations for a second pilot position are the same as for the pilot station. 
Paragraph 330 discusses current philosophy concerning duplication of controls. 

(2) As background, the following are examples of cockpit control issues 
which should be avoided: 

(i) Collective control blocking the lateral movement of a pilot's 
leg, which in turn restricts the left lateral cyclic displacement. 

(ii) Seat or seat cushion impeding the aft cyclic movement. 

(iii) Inadequate space for large feet equipped with large flight boots. 

(iv) Control/seat relationship which requires unusual pilot 
contortions at extreme control displacements. 

(v) Control/seat relationship or control system geometry which will 
not permit adequate mechanical advantage with unboosted controls or in a boost OFF 
situation. 

(vi) Addition of control panels or equipment to instrument panels or 
consoles which restrict full control throw. 

(vii) Brake pedal geometry which results in inadvertent brake 
application upon displacement of the directional controls. 

(viii) Controls for accessories or equipment which require a two-handed 
operation. 

(ix) Emergency external cargo release controls which cannot be 
activated without releasing the primary flight controls. 

(x) Essential controls which cannot be actuated during emergency 
conditions with the shoulder harness locked, 

(xi) Throttle controls which can be inadvertently moved through idle 
to the cutoff position. 
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( x i i ) Swi tches, b u t t o n s , o r o the r c o n t r o l s wh ich can be i n a d v e r t e n t l y 
a c t i v a t e d d u r i n g r o u t i n e c o c k p i t a c t i v i t y i n c l u d i n g c o c k p i t e n t r y . 

( x i i i ) F a i l u r e t o account f o r o p e r a t i o n w i t h the p i l o t wear ing b u l k y 
w i n t e r c l o t h i n g . 

( x i v ) A f t c y c l i c movement l i m i t e d by the p i l o t ' s body w i t h a f o r e and 
a f t ad j us tab l e seat I n the f u l l f o rward p o s i t i o n . 

594 ( t h r u 596) Chap 2 
Par 332 



9/12/91 AC 27-1, CHG 3 

(2) Only fire resistant material may be used in inaccessible compartments. 
Carpets and wall coverings may not be used. 

(3) Flame resistant materials may be used on floors, walls, and ceilings 
of accessible compartments. 

(4) Although not specified in the standards, it is recommended that 
tiedown nets or straps comply with the self-extinguishing flammability standards of 
§ 29.853(a)(3). Cargo compartment blankets or covers should comply with the 
flammability standards of § 29.853(a)(2). However, it is acceptable to use tiedown 
equipment that meets the flame resistant material standard. 

(5) It is recommended that compartments use design features that seal the 
compartment and prevent airflow into (or out of) the compartment. The objective is 
to limit the air supply to a potential fire. 

(6) Controls, wiring, equipment, and accessories should not be routed 
through, mounted in, or exposed to the compartment. If these items, as described in 
§ 27.855(b), are in the compartment, they should be protected by a cage or rigid 
housing adequate to protect the items. To maintain the compartment integrity for 
fire containment, it may be necessary to separate these items from the compartment 
by an appropriate fire resistant or flame resistant housing or enclosure. 
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360. S 27.859 (through Amendment 27-231 HEATING SYSTEMS 

662 Chap 2 
Par 360 

a. Explanation. This regulation ensures that onboard heating systems (of all 
type designs) are safe during normal and survivable emergency operations. Thus, as 
a minimum, each heating system type design must meet the applicable requirements of 
6 27.859. 

b. Definitions. 

\1) Backfire. A n Improperly timed detonation (or explosion) of a fuel 
mixture which results in higher than normal temperatures and pressures. 

(2) Reverse flame propagation. A n event that occurs when the flame from a 
controlled combustion process (such as a heater) goes in an abnormal path (i.e., 
either a reverse or different path than the intended path) as a result of a change 
In internal pressure or internal pressure gradient (e.g., a backfire) from a 
detonation or a similar event. 

(3) Safe distance. A maximum flow length dimension determined from the 
thermodynamics of a worse case flow reversal (backfire) and the local heater system 
geometry. 

(4) Heater zone (or regionl. A geometric zone defined by the heater type, 
heater size, location of heater system components, and the maximum safe distance 
determined under (3) above. The heater system components may affect the heater 
zone's size if they are closely located to the heat source. For example a heater 
fuel tank would not be part of the heater zone if It were located far away from the 
zone boundary; however, if it were adjacent or close to the boundary, it would be 
included in the heater zone. 

(5) Fireproof. Fireproof is defined in § 1.1 "General Definitions." 

(6) Severe Fire. The following thermodynamic definitions are based on 
AC 20-135, "Powerplant Installation and Propulsion System Component Fire Protection 
Test Methods, Standards, and Criteria" and on the definitions in § 1.1 for fire 
resistant and fireproof materials. These definitions are provided for analytical 
purposes. A severe fire, when used with respect to fireproof materials, is one 
which reaches a steady state temperature of 2,000 + 150 degrees Fahrenheit for at 
least 15 minutes. A severe fire, when used with respect to fire resistant 
materials, is one which reaches a steady state temperature of 2,000 + 150 degrees 
Fahrenheit for at least 5 minutes. 

(7) Hazardous accumulation of water or ice. A n accumulation of water or 
Ice that causes a device to not perform Its intended function in either normal 
operation or a survivable emergency situation. ^ 
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c. Procedures. When suitable data is available, the heating system design 
should be thoroughly reviewed to determine which system components and arrangements 
must comply with each subsection of § 27.859. The method-of-compliance relative to 
each subsection of § 27.859 should then be determined. Acceptable, but not the 
only, methods of compliance are discussed on a section-by-section basis as follows. 

(1) For compliance with § 27.859(a), mechanical devices such as shrouds or 
barriers should be used to create a double walled (fail-safe) condition, i.e., two 
equal barrier failures must occur to allow carbon monoxide to mix with cabin air. 
Phased inspections to ensure continued airworthiness should be considered, as well. 
The purpose of these measures is to eliminate any system leakage that would allow 
carbon monoxide (a poisonous gas) to enter occupied areas, incapacitate the crew or 
passengers and cause a crash. Regardless of the method-of-compliance chosen, 
periodic checks should be performed during certification using carbon monoxide 
detection equipment to certify the leak-free integrity of the system. Several such 
checks should be done during flight test, especially after rigorous maneuvers, to 
ensure no leakage. 

(2) For compliance with § 27.859(b), heat exchangers should meet the 
requirements of paragraph 549 of this AC, and be readily inspectable either by 
complete disassembly or by use of other equivalent design maintenance provisions 
(such as removable inspection covers). Inspectability should be demonstrated during 
certification by a design review, an inspection demonstration or a combination. 

(3) For compliance with § 27.859(c), combustion heater designs, their 
installations and their heater zones must be identified and thoroughly evaluated. 
The most direct method of compliance for the heater, Itself, is to procure units 
that already have internal design features that meet the relevant requirements of 
this section; otherwise, design features must be provided and evaluated during 
certification that meet these same requirements. Several combustion heaters are FAA 
approved under TSO-C20. TSO-C20 provides the procurement sources and the detailed 
approval standards for these combustion heaters. Each heater, its installation, and 
its heater zone should be reviewed against the criteria of §§ 27.1183, 27.1185, 
27.1189, and 27.1191 (reference paragraphs 585, 586, 588, and 589 of this AC) to 
ensure compliance. Next, the fire detector installation drawings and specifications 
should be reviewed for each heater region. The review should consider all 
reasonable hazards and failure modes of the heater and the detection system. If not 
previously TSO approved the detectors should be evaluated during the overall system 
certification effort. The drainage and venting system for each heater installation 
should be reviewed to ensure that areas of fuel or fuel vapor collection are 
properly drained or vented. The capacity of each drain or vent should be determined 
and, unless impracticable, the flow capacity should be a minimum of 3-to-l over the 
worst case leakage anticipated (Including the adverse effects of surface tension). 
Finally, the drainage and ventilation systems should be reviewed to ensure that 
discharges do not create external hazards by entering or contacting external 
ignition sources such as engine inlets and h o t exhausts. If an accurate 
determination cannot be made by a design review, ground and/or flight test work with 
dyed, inert fluids or vapors should be conducted to accurately display discharge 
patterns, 
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(4) For compliance with § 27.859(d), the ventilating air duct design 
should be reviewed to determine what ducts are routed through heater zones. Once 
this has been determined, each duct section running through the heater zone should 
be made fireproof by either using a fireproof shroud around the existing duct or by 
using fireproof material for the duct wall. 

(5) For compliance with § 27.859(e), any design using combustion air ducts 
should be reviewed to ensure that the ducts are either made from fireproof material 
or shrouded with a fireproof shroud over a safe distance (see definition). The safe 
distance should be determined analytically, by test, or a combination, if the 
analytical results are not conclusive. The design should be reviewed to ensure that 
combustion air ducts are not connected to the ventilating air stream, except when an 
equivalent safety finding can be made that shows backfires or reverse burning cannot 
induce flames or fumes into the ventilating air stream under any failure condition 
or malfunction of the heater or its associated components. Such a finding should 
require analysis, testing, or a combination for a proper determination. 

(6) For compliance with § 27.859(f), the design and installation of all 
standard control components, control tubing and safety controls should be reviewed 
to determine the probable points of water or ice accumulation (e.g., sumps, rough 
surfaces, joints, etc.) If a design review cannot accurately determine these 
accumulation points, then bench tests and flight tests should be conducted for 
proper determination. Once these points are identified, the ability of the effected 
part (or parts) to perform its intended function when water or Ice has fully 
accumulated must be determined for both normal and failure conditions. If the part 
(or parts) either has not lost its ability to function; has lost only part of its 
ability to function; or has lost all of its ability to function; and the entire 
system's function is not impaired, then nothing further should be required. 
However, if the overall system's function is hazardously impaired or lost, as a 
result of water or ice accumulation on a part (or parts), then rectifying design 
improvements should be made prior to final approval. These improvements should 
either alter the part's environment (e.g., relocation, enclosure, insulation, etc.) 
or eliminate the hazardous accumulation of water or ice (e.g., provide drainage, 
better sealing, better location, different surface finish, etc.). 

(7) For compliance with § 27.859(g), combustion heaters, if used, must 
have separate, independent safety controls from their standard controls (e.g., air 
temperature, air flow, fuel flow, etc.) which are remotely located in case of a 
heater fire, are operable by the crew and automatically shut off the ignition and 
fuel supply when a hazardous condition exists (as defined by § 27.859(g)). These 
separate safety controls must comply with § 27.859(g)(1), must keep the heater off 
until restarted by the crew or ground maintenance, and must warn the crew when an 
essential heater is automatically shut down. The safety control system design 
should be thoroughly reviewed and tested to ensure that it complies and that no 
hazardous failure modes exist. 
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(8) For compliance with § 27.859(h), each combustion and ventilating air 
intake's location should be Identified, reviewed, and tested to ensure that no 
flammable fluids or vapors can enter the heater system, ignite and create a fire. 
If a combustion or ventilating air intake's location is critical or questionable, it 
should be relocated, shielded, drained, or other equivalent means provided to 
eliminate the potential fire hazard. If engineering analysis and evaluation are not 
adequate to make an acceptable safety finding, testing using dyed, inert, leaked 
fluids or vapors should be conducted. 

(9) For compliance with § 27.859(i), each heater exhaust system design 
should be reviewed, tested, or a combination to ensure proper compliance with 
§ 27.1121 and § 27.1123 (reference AC paragraphs 548 and 549, respectively). Each 
exhaust shroud should be sealed to ensure that leaked flammable fluids or vapors do 
not contact the hot exhaust and cause a fire. The seal design should be reviewed to 
ensure that the sealing material is fireproof, is chemically compatible with the 
relevant fuels and vapors, is durable and is functionally adequate. If the design 
review is not conclusive for compliance purposes, then the seal system should be 
bench tested under pressure while undergoing critical service loads and motions to 
ensure no leakage occurs. A n analysis should be conducted to determine the 
structural effects on the exhaust system of the worse case restricted backfire 
(typically a shock wave analysis can be used to determine the peak internal pressure 
and, the resultant load on the exhaust system.) If structural failure would occur, 
based o n the analysis, either the backfire restriction should be reduced or the 
exhaust design should be structurally improved to eliminate the failure. 

(10) For compliance with § 27.859(j), each heater's fuel system design must 
be reviewed to ensure that compliance with the powerplant fuel system requirements 
of Part 27 that are necessary for safe operation to be achieved. A n equivalent 
safety finding should be made if an application is received that requests partial 
compliance or non-compliance with the powerplant fuel system requirements of 
Part 27. The finding should ensure that the safety intent of § 27.859(j) is 
achieved. Analysis, engineering evaluation, testing, or a combination should be 
used to substantiate the heater fuel system design. Heater fuel system components 
that, by leakage or other failures, can Induce flammable fluids or vapors into the 
ventilating air stream should be shrouded by drainable, fireproof shrouds. 

(11) For compliance with § 27.859(k), the drain system design should be 
reviewed to identify parts that may be subjected to high temperature and parts that 
may be subjected to hazardous ice accumulation in service. The high temperature 
parts should be evaluated using the methods of compliance for heater exhausts 
(reference paragraph 9, above and paragraph 549 of this A C ) . Drains that would be 
stopped up from ice accumulation should be protected by relocation, size, shields, 
heating, or a combination to ensure hazardous fluids and vapors are properly drained 
away. 
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361. 6 27.861 (through Amendment 27-20) FIRE PROTECTION O F STRUCTURE. CONTROLS. 
AND OTHER PARTS. 

a. Explanation. 

(1) As stated In the rule, parts essential to a controlled landing that 
would be affected by a powerplant fire are to be protected so they can perform their 
essential functions for at least 5 minutes under any foreseeable powerplant fire 
condition. 

(2) To achieve the objective of the rule, essential parts of the 
rotorcraft as defined by the rule are to be isolated from a powerplant fire by a 
firewall (§ 27.1191) or must be protected so they can perform their essential 
functions for at least 5 minutes under any foreseeable powerplant fire condition. 

(3) Insufficient protection to provide enough time for a controlled 
landing would represent an unsafe feature or characteristic for the rotorcraft 
design. 

(4) Section 27.1193(d) requires each cowling and engine compartment 
covering to be at least fire resistant. Also, § 27.1193(e) requires that each part 
of the cowling or engine compartment covering, subject to high temperature due to 
its nearness (proximity) to exhaust system parts or exhaust gas impingement, must be 
fireproof. 

(5) In addition, § 27.1194 requires that all surfaces aft of and near 
powerplant compartments, other than tail surfaces not subject to heat, flames, or 
sparks emanating from a powerplant compartment, be at least fire resistant. 

b. Procedures. 

(1) If each part described in the rule is isolated completely by 
firewalls, compliance is obtainable. 

(2) If each part described by the rule is made of fireproof material, such 
as steel, compliance Is obtained. 

(3) If any part described by the rule does not comply with 361b(l) or (2), 
it shall be proven that it will perform its function under the prescribed 
conditions. Compliance may be demonstrated by the following criteria: 
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engine air flow patterns. The rotating elements of the engine, particularly the 
compressor blades, will be subjected to a cyclically varying air flow as these 
elements move into and out of areas of deflected airflow to the engine. A 
corresponding aerodynamic load will be imposed on these engine elements. Since this 
loading is also cyclic, the possibility of critical frequency coupling with an 
engine component shall be investigated. 

(ii) Procedure. Typically, this evaluation would involve Installation 
in the engine inlet of a special multiple probe, total pressure sensing system, and 
flight testing which largely follows that prescribed for evaluation of engine 
operating characteristics as described above. Data from these tests can be reduced 
to create a pressure map at the compressor inlet face which, in conjunction with 
compressor speeds, may be used to determine the frequencies and relative amplitudes 
of the cyclic air loading imposed on the engine compressor blades. The engine 
manufacturer either supplies the sensing probe or specifies its design and 
performance. Also, the engine manufacturer may evaluate the test results or publish 
acceptance criteria. A wave analysis may be involved in identifying higher order 
excitations. Engine exhaust ducts which include bends, noise suppressors, or other 
obstructions may require an evaluation similar to that discussed above for the 
engine inlet. The engine manufacturer should be consulted for instructions or 
approval of this aspect. High performance engines may also require an engine inlet 
temperature survey. Details of instrumentation and acceptance criteria should be 
provided by the engine manufacturer. Engines equipped with only centrifugal 
compressors are less likely to encounter frequency coupling and may not require this 
investigation. The engine manufacturer's recommendations should be followed in 
these cases. 

(3) Torsional Stability. 

(i) Explanation. Governor-controlled engines installed in rotorcraft 
are subject to a fuel control resonant feedback condition which could be divergent 
if not properly designed or compensated. This condition occurs when the response 
frequency of the governor on the engine is coincident with or close to a low order 
natural torsional frequency of the rotorcraft rotor drive system. Typically, these 
frequencies appear in the 3 to 5 CPS range. The manufacturer usually resolves 
torsional instability problems by introducing damping into the engine governor/fuel 
control. Provisions for this change must be supplied by or approved by the engine 
manufacturer. The final configuration may be a compromise between a lightly damped 
control, which will allow a positive but slow convergence of drive system torsional 
oscillations, and a highly damped control which exhibits excessive rotor speed droop 
or overspeed following rotorcraft collective control displacement. 

(ii) Procedure. A ground and flight test program should be devised 
to evaluate the torsional response of the engine and drive system combination 
presented by the applicant. Instrumentation to record drive system torsionals 
should be applied to all major branches of the drive system. Engine parameters 
such as torque and power turbine speed should be recorded simultaneously with 
drive system parameters. The test program should include ground tie-down 
operation and flight operation across a range of engine power and rotor speeds 
while injecting control inputs as close to the first order drive system natural 
frequency as possible. Mechanical methods of making these inputs are not usually 
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necessary I f the d e s i r e d f requency i s i n the 3 t o 5 CPS range and the 
i n s t r u m e n t a t i o n readout con f i rms t h a t the d r i v e system was a c t u a l l y e x c i t e d 
t o r s i o n a l l y a t i t s n a t u r a l f requency . C o n t r o l i npu t s shou ld i n c l u d e c o l l e c t i v e , 
a n t i t o r q u e , and t h r o t t l e . A l s o , c y c l i c i npu t s may be impo r tan t on tandem r o t o r 
r o t o r c r a f t . The acceptance c r i t e r i a may be dependent on seve ra l i t ems . Among these 
are r o t o r and d r i v e system f a t i g u e l o a d i n g , engine power response c h a r a c t e r i s t i c s , 
l i m i t a t i o n s e s t a b l i s h e d by the engine manufac tu re r , e t c . The acceptance c r i t e r i a 
are u s u a l l y s t a t e d as a percen t damping (minimum).. T y p i c a l l y , 1 percent o f c r i t i c a l 
e q u i v a l e n t v i scous damping (o r g r e a t e r ) i s accep tab le . I n e f f e c t , t h i s means t h a t 
the f r e e v i b r a t i o n response t o a c o n t r o l i n p u t damps t o 1/2 ampl i tude i n 11 cyc les 
o r l e s s . 

428 . -446. RESERVED. 
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SECTION 26. FUEL SYSTEM 

447. S 27.951 (through Amendment 27-201 GENERAL. 

a. Explanation. 

(1) The term "fuel system" means a system which includes all components 
required to deliver fuel to the engine(s). This includes, but is not limited to, 
all components provided to contain, convey, drain, filter, shutoff, pump, jettison, 
meter, and distribute fuel to the engines. 

(2) Paragraph (a) of this section is a general statement of the 
performance requirements for fuel systems and constitutes authority to require the 
fuel system to be adequate notwithstanding compliance with detail requirements 
listed in §§ 27.953 through 27.999 of this subpart. 

(3) Paragraph (b) of this section requires fuel systems to be designed so 
that air will not enter the system under any operating conditions by either 
arranging the system so that no fuel pump can draw fuel from more than one tank or 
by other acceptable means. 

(4) Paragraph (c) of this section sets forth a fuel system performance 
requirement intended to ensure that ice to be expected in fuel when operating in 
cold weather will not prevent the fuel system from supplying adequate fuel to the 
engines. Although fuel system filters and strainers are the items in the fuel 
system most susceptible to clogging from ice particles in the fuel, this paragraph 
requires that the entire fuel system be shown to be capable of delivering fuel, 
initially contaminated with water and cooled to critical icing conditions, to the 
engine(s). 

b. Procedures. 

(1) For paragraph (a), the applicant should show compliance with the fuel 
system requirements of this subpart, except that if unusual fuel system arrangements 
or requirements exist which are not adequately addressed by these subparts, this 
paragraph may be used as authority to require special tests, analysis, or system 
performance needed for proper engine functioning. 

(2) For paragraph (b), review the fuel system design with special 
attention to fuel tank selector valves, crossfeed systems, and multiple tank outlet 
arrangements to ensure that no fuel system configuration will allow air to enter the 
system. For questionable situations, the applicant should conduct ground tests and 
flight tests as necessary to verify compliance with this section. 

(3) Paragraph (c) provides for sustained satisfactory operation of the 
fuel system, with initially ice-contaminated fuel. Since ice in the fuel system is 
not considered to be an emergency condition, b u t rather is an expected service 
encounter, compliance would not involve the imposition of special rotorcraft 
limitations. Flight manual instructions such as land as soon as practicable, reduce 
altitude to some value less than otherwise permitted, reduce power, turn on boost 
pumps, etc., are not appropriate in demonstating compliance. Some methods of fuel 
system ice protection which have been used to show compliance follow. 
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(i) Fuel heater. Usually these devices are fuel-to-engine oil heat 
exchangers and are normally located to protect the fuel filter from blockage by ice 
in the fuel. The adequacy of these devices should be established. Usually this 
involves generation of a heat balance between heat gained by fuel and heat lost by 
oil using performance data provided by the manufacturers of the fuel-oil heater, the 
oil cooler, the heat rejected by the engine to the oil, etc. A minimum oil 
temperature associated with the adequacy of the fuel heater may need to be 
established, marked on the oil temperature gauge, and verified to be maintained 
during critical flight conditions. Other unprotected parts of the fuel system 
remain to be evaluated and substantiated for compliance with this requirement. 

(ii) Oversized fuel filter. This method may only substantiate the 
fuel filter and, as with the fuel heater method, is incomplete without evaluation of 
the remainder of the fuel system. A n icing test of the filter should be 
accomplished. Fuel preparation procedures and method of testing should follow the 
applicable portion of SAE Aerospace Recommended Practice (ARP) No. 1401. A 
satisfactory configuration is achieved when a filter is demonstrated to have the 
capacity to continue to provide the filtration function, without bypassing, when 
subjected to fuel contaminated by ice to the degree required by this rule. Usually, 
a delta pressure caution signal for the filter Is needed to alert the flightcrew 
that progressive filter blockage is in progress. The caution device setting should 
be established by test which demonstrates that after illuminati on of the caution 
signal sufficient filter capacity exists to enable completion of the flight. Fuel 
pressure should not fall below established limits because of ice accumulation on the 
filter. 

(ill) Anti-ice additives. This method utilizes the properties of 
ethylene glycol to reduce the freezing temperature of water in the fuel. It has the | 
advantage over other methods of protecting all components in the fuel system from 
ice blockage. Compliance with the rule by this method involves the following. 

(A) Eligible additives. PFA-55MB (Phillips Petroleum Co.) and 
additives per specification MIL-I-27868, Revision D, or earlier. Later versions of 
this specification do not require glycerin, which may be needed to protect fuel tank 
coatings. 

(B) Compatibility. Both engine fuel system and aircraft fuel 
system should be verified to be chemically compatible with the additive at the 
maximum concentration to be expected in the fuel system. Usually, information on 
eligible system materials can be obtained from the engine manufacturer for the 
engine fuel system and from the additive manufacturer for aircraft fuel system 
materials. 

(C) Adding or blending the additive to the fuel. These 
additives do not mix well with the fuel and indiscriminate dumping of additive into 
the tank will not only fail to protect the system from ice accumulation but likely 
will damage nonmetallic components in the system. Some fuels may have additive 
premixed In the fuel. If other fuels are to be eligible, a method for blending 
additive into the fuel during refueling must be devised and demonstrated to be 
effective. 
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(D) Placards should be added near the fuel filler 
opening to note that fuel must contain the anti-ice additive PFA-55MB 
MIL-I-27686 within the minimum and maximum allowed concentration. 

(E) The FAA-approved flight manual should contain 
necessary information to attain satisfactory blending of the additive and 
procedures to allow the operator to check the blend in the fuel tank. 

(iv) Fuel system protection (other than filters!. If the fuel 
heater method or oversize filter method (items 448b(3)(i) and b(3)(ll)) is 
proposed, the remainder of the fuel system should be shown to be free from 
obstruction by fuel ice. This may be shown by testing the system with 
ice-contaminated fuel (prepared as suggested for filter tests) or, in many 
cases, by selecting fuel system components which by test or by previous 
experience are known to be free of ice collection tendencies. Tank outlet 
screens (or tank-mounted pump Inlet screens) may be the significant fuel 
system feature for further evaluation. In some instances, fuel turbulence 
due to pump motions may be sufficient to keep the screen clear of ice. In 
other instances, small screen bypass openings (approximately one-fourth inch 
in diameter) located outside the predominant fuel flow path have been found 
satisfactory. 

NOTE: Advisory Circular (AC) 20-29 contains information regarding 
compliance with the fuel ice protection requirements of Part 25, 
§ 25.997(b). The information in this AC is largely valid except for 
references to the quantity of water to be expected in fuel and the amount of 
additive required to ensure freedom from fuel ice hazards. 
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448. S 27.953 through Amendment 27-201 FUEL SYSTEM INDEPENDENCE. 

828 Chap 2 
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a. Explanation. 

(1) Section 27.953(a) specifies independent fuel feed systems for each 
engine of multiengine rotorcraft; however, separate fuel tanks for each engine are 
not required. 

(2) If a single tank Is used to feed more than one engine, § 27.953(b) 
specifies: 

(i) That independent fuel tank outlets be provided to each engine, 
each having a shutoff valve. 

(ii) A t least two vents for the tank located to minimize the 
probability of both vents becoming obstructed simultaneously. 

(iii) Filler caps designed to minimize the probability of incorrect 
installation or in-flight loss. 

(iv) That fuel supply from each tank outlet to any engine be 
independent of fuel supply to other engines. 

b. Procedure. 

(1) The purpose of § 27.953(a) is to ensure an Independent fuel supply 
system for each engine on multiengine rotorcraft. Unlike the corresponding 
regulation for Category A, Part 29 helicopters, separate fuel tanks are not 
required. 

(2) The assessment of an independent fuel supply system for each engine 
would begin at the fuel supply pickup point within the tank and continue to the 
engine fuel inlet at the engine. 

(3) If supply line crossfeed capability is included as a feature, care 
must be exercised to ensure that the opening of the crossfeed does not jeopardize 
the continued safe operation of more than one engine. For example, if the crossfeed 
valve is automatically operated by a low pressure signal in the supply line for one 
engine, the possibility that fuel line leakage could cause opening of the crossfeed 
and jeopardize the continued safe operation of both engines should be considered. 
Similarly, opening the crossfeed valve with a suction lift system should not allow 
air into the fuel supply line of any engine. 

(4) The independent fuel supply system requirement for each engine is for 
normal fuel system operations. Fuel system designs which allow the continued safe 
operation of all engines under expected fuel system component failure conditions 
(for example, a failed boost pump) by using common fuel flow paths under failure 
conditions are not prohibited. 
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(5) I n § 27 .953 (b ) , the phrase " I f a s i n g l e f u e l tank i s u s e d , " i s 
In tended t o mean i f a s i n g l e f u e l tank i s used t o feed more than one eng ine. Th is 
i n t e r p r e t a t i o n i s needed i n o rder t o p rec lude , f o r example, a t r i e n g i n e des ign w i t h 
two f u e l tanks where two engines draw f u e l by independent means f rom one tank , bu t 
on l y one ven t i s p rov ided f o r t h a t tank . Th is des ign would c l e a r l y v i o l a t e the 
i n t e n t o f § 27 .953 (b ) (2 ) t o assure t h a t two vents be supp l i ed I f f u e l i s drawn by 
more than one engine from a s i n g l e t ank . 

(6) I f a s i n g l e f u e l tank i s used t o supply f u e l t o more than one engine: 

( i ) There should be independent tank o u t l e t s f o r each eng ine, each 
i n c o r p o r a t i n g a s h u t o f f v a l v e a t the tank . The phrase, " a t the t a n k , " has 
r i g h t f u l l y been i n t e r p r e t e d t o a l l o w the f i r e w a l l s h u t o f f v a l v e , which may a c t u a l l y 
be some d i s tance f rom the tank i t s e l f , t o be used t o show compliance w i t h 
§ 2 7 . 9 5 3 ( b ) ( 1 ) . Sec t i on 27 .953(b ) (1 ) s p e c i f i c a l l y a l l ows the s h u t o f f v a l v e , i f 
l o ca ted a t the tank , t o serve as the f i r e w a l l s h u t o f f va l ve p rov ided the l i n e 
between the va l ve and the engine compartment does n o t c o n t a i n a hazardous amount o f 
f u e l t h a t can d r a i n i n t o the engine compartment. 

( i i ) There shou ld be a t l e a s t two ven ts ar ranged t o min imize the 
p r o b a b i l i t y o f bo th vents becoming obs t r uc ted s imu l taneous ly . T y p i c a l l y , the means 
used t o p revent s imul taneous o b s t r u c t i o n i s p h y s i c a l s e p a r a t i o n . The blockage or 
ma l f unc t i on o f any ven t should n o t j e o p a r d i z e the con t inued safe o p e r a t i o n o f more 
than one eng ine. 

( i i i ) The f i l l e r cap(s) f o r the tank should be designed t o minimize the 
p r o b a b i l i t y o f i n c o r r e c t i n s t a l l a t i o n o r i n - f l i g h t l o s s . U s u a l l y , t he re should be 
on ly one way t o i n s t a l l and l o c k a f u e l cap; i f more than one way i s p o s s i b l e , 
e i t h e r method should p rov ide the p o s i t i v e s e a l i n g t o avo id s p i l l a g e . M in im iz ing the 
p r o b a b i l i t y o f i n - f l i g h t f u e l l oss would i nc lude the a b i l i t y t o v i s u a l l y determine 
t h a t the cap i s p r o p e r l y i n s t a l l e d and locked p r i o r t o f l i g h t . 

( i v ) Sec t i on 27 .953(b ) (4 ) s imp ly c l a r i f i e s t h a t i f a s i n g l e tank i s 
used t o feed more than one eng ine , the p r o v i s i o n s f o r independent f u e l feed systems 
( re fe rence § 27 .953(a) ) app ly t o the engines be ing f ed f rom t h a t t ank . 
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449. S 27.954 (through Amendment 27-231 FUEL SYSTEM LIGHTNING PROTECTION. 
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a. Background. During the initial development and promulgation of the 
standards concerning the airworthiness of rotorcraft, it was not deemed necessary to 
specify design features that would protect the rotorcraft from the meteorological 
phenomenon of lightning. This was due, in part, to the fact that rotorcraft were 
primarily operated in a VFR and nonicing environment. Also, a prudent pilot avoided 
thunderstorms where the possibility of encountering severe weather and a lightning 
strike was much greater. The construction, design, and operating environment of 
civil rotorcraft have changed markedly within the past two decades. Many rotorcraft 
are now authorized to fly IFR. Additionally, many rotorcraft now use the same 
advanced technologies in structures and systems as do airplanes. Because of these 
facts the possibility of a lightning strike encounter to the rotorcraft has been 
greatly increased. If the fuel system of the rotorcraft has not been properly 
designed and constructed, a fuel vapor ignition may occur if the rotorcraft 
encounters a lightning strike. This occurrence generally results in a catastrophe 
to the rotorcraft. To prevent such a catastrophe and provide a level of safety 
equivalent to normal utility, acrobatic and commuter category airplanes, a specific 
rule for the lightning protection of normal category rotorcraft fuel systems was 
adopted in Amendment 27-23. 

b. Explanation. 

(1) This regulation requires that the rotorcraft's fuel system be designed 
and constructed so that an ignition of fuel vapor will not occur when the rotorcraft 
is involved in a lightning strike. For the purposes of this regulation the fuel 
system is comprised of the fuel tank with all its associated plumbing and any other 
areas of the rotorcraft likely to have fuel vapor present (such as sumps and drains 
for the tank itself). Externally mounted fuel tanks are also considered to be part 
of the "fuel system." 

(2) Other associated installations such as electrical wiring in the fuel 
tanks which could provide a source of ignition due to an indirect or induced effect 
should also be considered. 

c. Procedure. 

(1) The current revision of Advisory Circular 20-53 provides guidance on 
an acceptable method and procedure to be utilized to demonstrate that the design and 
construction of the fuel system is compliant with § 27.954. 

(2) FAA Report No. DOT/FAA/CT-89/22 contains additional information 
regarding the lightning environment. Also contained in this report are design and 
test techniques which provide for a design that will be adequately protected from 
fuel vapor ignition when the rotorcraft encounters the lightning environment. This 
report is available to the public by order from the National Technical Information 
Service, Springfield, VA 22161. 
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450. 6 27.955 (through Amendment 27-20^ FUEL FLOW. 
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a. Explanation. 

(1) Section 27.955 is intended to ensure adequate fuel flow to the 
engine(s) at maximum power under the intended aircraft operating conditions and 
maneuvers. 

(2) In showing adequate fuel flow, the rule provides--

(i) That the fuel be supplied within the appropriate engine fuel 
pressure range; 

(Ii) That the test be conducted with minimum fuel onboard, consistent 
with test safety; and 

(iii) That operation with both main and emergency pumps be considered. 

(3) Section 27.955(b) specifies that if an engine can be supplied with 
fuel from more than one tank, the fuel system must feed promptly when fuel becomes 
low in one tank and another tank is selected. 

b. Procedure. 

(1) Testing (including bench tests) has been the accepted method to show 
compliance with § 27.955(a). Analytical techniques may be used to adjust the system 
test results to various fuel conditions and flows or to account for minor 

! modifications to a system. A purely analytical approach is not generally 
acceptable. 

(2) Methods to adjust the test data for different fuel properties and 
flows should be verified by limited testing. 

(3) If a suction lift system is used and h o t fuel verification is 
involved, testing is appropriate. 

(4) The proper interpretation of the phrase "100 percent of the fuel flow 
required under the intended operating conditions and maneuvers" may include 
consideration of acceleration fuel flow in addition to the steady-state fuel flow 
requirement. 

(i) For example, if on a single-engine helicopter on a cold-day 
takeoff, engine torque is the limiting parameter, the steady-state fuel flow demand 
corresponding to that torque may be exceeded during engine acceleration in 
manuevers. 

(ii) In addition to the consideration of acceleration fuel flow, good 
design would include some margin to account for possible inadvertent overtorque. 
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(5) For m u l t i e n g i n e r o t o r c r a f t , adequate f u e l f l o w under OEI c o n d i t i o n s 
should be assured i n the c r i t i c a l f u e l system c o n f i g u r a t i o n . 

( i ) I f on a m u l t i e n g i n e r o t o r c r a f t , i t i s acceptab le t o operate 
f o l l o w i n g an engine f a i l u r e i n more than one f u e l system c o n f i g u r a t i o n ( f o r example, 
i f c ross feed i s an acceptab le mode) then the supp l y i ng o f two engines through common 
components may be more c r i t i c a l than the OEI c o n d i t i o n . 

(11) I n v e r i f y i n g s a t i s f a c t o r y f u e l system o p e r a t i o n f o r OEI 
c o n d i t i o n s , the f a c t t h a t the remain ing engine may go t o the gas producer speed 
topp ing l i m i t f u e l f l o w r a t h e r than t o the s t e a d y - s t a t e OEI power va lue should be 
assessed. 

(6) Adverse t r a n s i e n t and s t e a d y - s t a t e maneuver loads shou ld be considered 
s ince the g - l o a d i n g exper ienced may tend t o decrease the f u e l i n l e t pressure below 
a l l owab le l i m i t s . 

(7) I n assu r i ng adequate f u e l f l o w a t the necessary engine i n l e t pressure 
(§ 2 7 . 9 5 5 ( a ) ( 1 ) ) , b o t h h o t and c o l d f u e l would no rma l l y be eva lua ted f o r the s u c t i o n 
l i f t system, whereas c o l d f u e l i s u s u a l l y more c r i t i c a l f o r the boosted pressure 
system. 

(8) The method o f s p e c i f y i n g the f u e l i n l e t p ressure requi rements v a r i e s 
w i t h the engine model . Some o f these i n c l u d e : 

( i ) S p e c i f i c a t i o n o f a gage pressure as a f u n c t i o n o f a l t i t u d e f o r 
s u c t i o n system o p e r a t i o n . The p a r t i c u l a r f u e l and f u e l temperature f o r 
demonst ra t ing the c r i t e r i a may be s p e c i f i e d i n the engine documents. Other approved 
f u e l s , f u e l tempera tu res , and boost-pump-on o p e r a t i o n are cons idered s a t i s f a c t o r y i f 
the demonst ra t ion w i t h the s p e c i f i e d f u e l I s s u c c e s s f u l . 

( i i ) S p e c i f i c a t i o n o f a maximum a l l o w a b l e v a p o r - t o - l i q u i d r a t i o f o r 
ho t f u e l , and minimum abso lu te pressure as a f u n c t i o n o f a l t i t u d e f o r c o l d f u e l s . 

( i i i ) S p e c i f i c a t i o n o f a f u e l i n l e t p ressure r e l a t i v e t o the t r u e vapor 
pressure o f the f u e l , i n combinat ion w i t h a maximum a l l owab le v a p o r - t o - l i q u i d r a t i o . 

( i v ) S p e c i f i c a t i o n o f separate pressure l i m i t s f o r boos t -on and 
s u c t i o n l i f t o p e r a t i o n . 

( v ) S p e c i f i c a t i o n o f s p e c i a l l i m i t s f o r emergency use o r emergency 
f u e l s , 
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(9) Because the various methods of specifying the engine inlet fuel 
pressure requirements are sometimes related to fuel temperature and altitude, it is 
often necessary to explore the extremes of the envelope to assure compliance rather 
than attempting to select one critical condition. Additionally, the rapid increase 
in fuel viscosity at colder temperatures, which tends to significantly increase 
system pressure drop, can more than offset a slight drop in required fuel flow such 
that the critical fuel inlet conditions may not be experienced at maximum engine 
fuel flow. Figure 450-1 illustrates the point. 

FIGURE 450-1. FUEL FLOW 

<i) Point (A) on figure 450-1 is the highest fuel flow within 
aircraft limitations, but the system pressure drop is not expected to be maximum 
because of the low kinematic fuel viscosity. 

(ii) Point (jp is the maximum flow at cold temperatures but as the 
fuel temperature is further reduced, the fuel viscosity increases very rapidly. 

(ill) Point (c) represents the maximum viscosity of the fuel, but the 
fuel flow is somewhat reduced from Point U H . The maximum system pressure drops 
and therefore minimum fuel inlet pressure may occur between points and (c) 
depending on the specific relationship of fuel viscosity to required fuel flow. 

(iv) A conservative demonstration would consider the maximum allowable 
fuel viscosity In combination with the maximum fuel flow. Otherwise, several test 
points may be required. 
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(10) For those systems which specify a minimum V / L ratio, the methods 
provided in Aerospace Recommended Practice (ARP) 492 published by the Society of 
Automotive Engineers are acceptable in evaluating test results. 

(11) Since the lower quantity of fuel in the tank will reduce the 
hydrostatic head and thus the fuel inlet pressure, § 27.955(a)(2) specifies that the 
quantity of fuel in the tank should be minimum. 

(12) Section 27.955(a)(4) specifies that each main and emergency pump be 
evaluated. If it can be determined which pump and flow path is critical, only that 
configuration would be tested. Similarly, for suction fuel systems, the critical 
flow paths and flow requirements should be evaluated. If pumps are required to 
supply the necessary fuel, § 27.1305(c) would require a fuel pressure indicator and 
§ 27.1549 would require a red radial at the minimum safe operating fuel pressure for 
any fuel or fuel usage condition. This pressure limit should be used to determine 
compliance with § 27.955(a)(1) for all operations. 

(13) Section 27.955(b) requires the fuel system to feed promptly when fuel 
becomes low in one tank and another tank is selected. This requirement is important 
because momentary fuel flow interruption must be expected to result in complete 
power failure and, for single engine rotorcraft, an emergency landing. 

451. RESERVED. 
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(ill) Turbosuperchargers which are not controlled (by waste-gate 
modulation) but respond to an orificed exhaust generally will (at constant power) 
produce more heat rise at altitude than at sea level; however, size matching between 
engine and turbo unit may affect this. Instrumented flight tests should be used as 
a final compliance verification method. 

533.-547. RESERVED. 

SECTION 31. EXHAUST SYSTEM 

548. S 27.1121 (through Amendment 27-21^ GENERAL. 

a. Explanation. 

(1) This section addresses the arrangement of exhaust components and the 
protection against hazardous conditions which exist with hot exhaust gases. 

(2) The objective is to allow for thermal expansion of manifolds and 
pipes, prevent local hot spots, and eliminate the possibility of igniting flammable 
fluids or vapors, 

b. Procedures. 

(1) Sufficient clearance of hot exhaust components must be maintained from 
structure, fuel cells, flammable fluid lines, and electrical components to 
compensate for thermal growth under normal and most extreme operating temperatures. 
Verify that adequate clearance exists between the exhaust system components and the 
surrounding structure, and that no interference occurs under the most adverse 
temperature excursions. 

(2) Hot spots that can occur on fuselage or rotor blade skin as a result 
of impingement or in compartments due to an accumulation of hot gases should be 
eliminated with deflectors or by providing adequate flow-through ventilation. 
Compliance may be shown by demonstration or analysis. 

(3) It should not possible to ingest sufficient quantities of exhaust 
gases which will produce engine surges, stalls, or flameouts during normal and 
emergency operation within the range of operating limitations of the aircraft and of 
the engine. Analysis and/or flight testing may be required to demonstrate 
compliance. If flight testing is required, particular attention should be placed 
upon critical azimuths and wind conditions. 

(4) Exhaust system surfaces hot enough to ignite flammable fluids or 
vapors must meet the Isolation or shielding requirements of this section In addition 
to the requirements of §§ 27.1183 and 27.1185. Good design practice suggests that 
the isolation and shielding features incorporated would continue to be effective 
under the emergency landing conditions specified in § 27.561. 
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(5) I t shou ld be demonstrated t h a t exhaust gases are d ischarged i n such a 
manner t h a t they do no t cause d i s t o r t i o n o r g l a r e which s e r i o u s l y a f f e c t s p i l o t 
v i s i b i l i t y a t n i g h t . One method o f compl iance would be a n i g h t f l i g h t e v a l u a t i o n a t 
c r i t i c a l azimuths and v a r i a b l e w ind c o n d i t i o n s t o v e r i f y t h a t no degrada t ion e x i s t s . 

(6) Compliance w i t h § 27 .1121( f ) can be accompl ished by ensur ing t h a t the 
d r a i n w i l l d ischarge p o s i t i v e l y and i s a minimum o f 0.25 inches i n d iamete r . No 
d r a i n may d ischarge where i t m igh t cause a f i r e haza rd . Th is can be demonstrated by 
d i scha rg ing a c o l o r e d l i q u i d th rough the d r a i n system i n f l i g h t and on the ground. 
The dye should n o t impinge on any i g n i t i o n source . 

(7) Sec t i on 27.1121(g) i s s e l f - e x p l a n a t o r y i n s p e c i f y i n g t h a t a means must 
be p rov ided t o p reven t b lockage o f the exhaust p o r t a f t e r any I n t e r n a l hea t 
exchanger f a i l u r e . Compliance can be shown by demons t ra t ion or by a n a l y s i s . I n 
e i t h e r case, i t must be shown t h a t any i n t e r n a l f a i l u r e w i l l n o t r e s u l t i n a 
s i g n i f i c a n t power l oss f rom the eng ine . 
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549. 8 27.1123 (through Amendment 27-11) EXHAUST PIPING. 

a. Explanation. This section contains the following requirements that must be 
met for proper certification of exhaust piping on engines, auxiliary propulsion 
units (APU), and other similar devices. 

(1) § 27.1123(a) requires that the piping be heat and corrosion resistant 
so that it performs its intended function during its operational life (either the 
life of the rotorcraft or a specified limited life) without significant metal 
corrosion, metal erosion, or creation of hazardous hot spots. The piping system 
should be designed, have an installation design, or a combination that allows 
performance of its function without thermal expansion (thermal strain) induced 
structural failures such as ruptures caused by operating temperature excursions and 
overpressurization during its operational life. 

(2) § 27.1123(b) requires that the piping be supported to withstand the 
vibration and loading environment (including inertia loads) to which it will be 
subjected in service. 

(3) § 27.1123(c) requires that piping that connects to components between 
which relative motion exists In service must have the necessary flexibility and 
structural integrity to withstand the relative motion without exceeding limit load 
(at the maximum operating temperature) of the piping, or creating unintended loads 
(or load paths) on the components to which the piping connects. 

b . Procedures. Exhaust piping is typically certified by analysis and 
installation tests conducted during the basic certification process, including 
flight tests, as follows: 

(1) For compliance with § 27.1123(a), because of its durability in the hot 
exhaust environment, exhaust piping is typically made from stainless steel or alloy 
steel of the appropriate structurally and thermally derived wall thickness. Hot 
aircraft exhaust gases are very corrosive; thus, proper material selection and 
corrosion protective design should be performed and validated during certification. 
Advisory Circular (AC) 43-4, "Corrosion Control For Aircraft" contains a detailed 
discussion of exhaust gas corrosion problems. Analysis and/or verification tests of 
the exhaust system should be conducted. This work is necessary to ensure thermal 
and structural integrity; to ensure that thermal expansion does not cause a 
structural overload or failure; and, to ensure that exhaust piping does not contact 
(or come close to) ambient temperature materials (such as structure or system 
components). Hot exhaust piping in contact with (or close to) ambient temperature 
materials can either create a fire hazard or cause an unintended strength reduction. 
To ensure that thermal expansion analyses and tests are properly conducted, the 
maximum in-service temperature excursion should be properly defined. The maximum 
temperature excursion should be based on the maximum temperatures of the piping and 
exhaust gases, as affected by the insulatory characteristics of the piping's 
enclosure, and as affected by a worst case hot day. The worst case temperature 
environment used for analysis can be verified by a temperature survey. If run on 
cooler days, the survey can be adjusted for the worst case hot day environment using 
methods identical to those used for engine cooling tests (reference paragraph 517, 
Cooling Tests). The piping should be designed to expand freely so that thermal 

Chap 2 
Par 549 

973 



AC 27-1, CHG 3 9/12/91 

expansion (thermal strain) induced loads on the piping and its restraint system are 
minimized. If thermal expansion induced loads (in conjunction with deflection 
induced loads and exhaust flow loads, discussed in b(4)) are significant relative to 
the limit load of any item in the load path, then a fatigue check on the critical 
design point(s) should be performed. The fatigue check should establish a safe life 
or an approved limited life for the critical component(s) in the system. A n 
accurate analytical fatigue check on exhaust piping may be difficult to perform 
because of in-service erosion, corrosion, etc.; therefore, phased inspections should 
be considered to ensure the continued airworthiness of the exhaust piping. 

(2) For compliance with § 27.1123(b), exhaust piping should be properly 
supported so that the maximum loads anticipated in-service are properly distributed 
and reacted, and as previously discussed, so that thermal expansion induced loading 
is minimized. Typically the worst case static design load conditions are either the 
inertia loads from an emergency impact (reference § 27.561) or the combined loading 
from thermal expansion, in-flight deflections and internal exhaust gas flow (see 
paragraph b(4)). It should be noted that several combinations of these loads should 
be examined to determine the critical combination. The piping should be supported 
and restrained such that critical frequencies are avoided and the induced vibration 
environment's effect is minimized. Flight test vibration surveys may be necessary, 
in some cases, to properly define or validate the critical modes and environment and 
their effect on the exhaust piping design. Operating modes such as ground idle, 
flight idle, 40 percent and 80 percent of maximum continuous power, maximum 
continuous power, OEI power settings and other power settings should be investigated 
to determine their vibratory effect on the exhaust gas piping system. The strength 
reduction of the piping materials at operating temperature (and at worst case 
temperature) should be properly considered in the design and structural 
substantiation. MIL-HDBK-5D contains material allowables versus temperature data 
for a wide variety of metallic engineering materials. 

(3) For compliance with § 27.1123(c), the piping and its restraint system 
should be designed to minimize loading induced on the piping by the relative motion 
(in-service deflections) of the components to which the system attaches. Isolation 
of significant deflection induced loading (if required based o n analysis and strain 
surveys) by use of flexible joints or other equivalent devices or designs should be 
considered. Any such in-line device used to reduce deflection loading should be 
fireproof and leak free when performing Its intended function. 

(4) For critical load case determination, the expansion induced thermal 
loading should be added in with mechanical relative motion induced loads and 
internal exhaust gas flow loads to provide total critical load for both a proper 
static and a proper fatigue structural substantiation. The critical combined static 
load should be compared with the emergency impact loads of § 29.561 (paragraph b(2)) 
to determine the critical design load case for static strength substantiation. 

(5) It should be noted that the majority of the exhaust piping 
verification testing required for certification can be accomplished during the rotor 
drive system tie down testing of § 27.923. 

550.-560. RESERVED. * 
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b. Procedures. 
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(1) Section 27.1145(a) is self-explanatory in specifying that a means be 
available to quickly shut off all ignition by the grouping of switches or by a 
master Ignition switch control. A "T" arrangement or split rocker switches are 
possible configurations. A master ignition control, if utilized, would need to be 
carefully evaluated if helicopter performance credit is given for engine isolation. 

(2) Each group of ignition switches and the master ignition control should 
have a means to prevent inadvertent operation. "Guarded" switches are the usual 
means of showing compliance. 

565. S 27.1147 (through Amendment 27-201 MIXTURE CONTROLS. 

a. Explanation. This section addresses the arrangement of fuel mixture 
controls for reciprocating engine installations and applies only if mixture controls 
are installed. Note that this control, as used in helicopters, is an engine 
shutdown device. Adjustment of the fuel mixture in flight is not allowed to 
demonstrate Part 27 compliance, but may be acceptable for more efficient engine 
operation if suitable stops or automatic means are provided to prevent inadvertent 
engine shutdown with mixture movement or engine malfunction with flight condition 
changes. 

b. Procedures. 

(1) The arrangement should allow--

(1) Separate control of each engine; and 

(ii) Simultaneous control of all engines. 

(2) Compliance may be accomplished by a side-by-side arrangement of the 
controls to allow either separate or simultaneous control. 

566.-568. RESERVED. 

569. 8 27.1163 (through Amendment 27-231 POWERPLANT ACCESSORIES, 

a. Explanation. 

(1) This section addresses the interface requirements for powerplant 
accessories which are mounted on the engine or rotor drive system components. 

(2) Areas which should be addressed include structural loads imposed upon 
the engine case and isolation between the accessory and engine oil systems. 
Electrical equipment isolation from flammable fluids or vapors should be addressed 
as well as the effect of an accessory failure on the continued operation of the 
engine and drive system components. 
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* b. Procedure. 

(1) Accessories installed and certified by the engine manufacturer can be 
mounted on the engine without additional justification. 

(2) Any accessory to be mounted o n the engine, which was not certificated 
with the engine, and does not meet the engine installation design manual 
requirements should have a structural analysis showing the mounting of that 
accessory on the engine will not induce loads into the engine case which are higher 
than the original design loads. 

(3) When the accessory is mounted and operating on the engine, it should 
not be possible to contaminate either the engine or accessory oil systems. This 
contamination can take the form of debris following a failure, airborne dirt or 
water, or any other substance that would impair proper operation of the engine or 
accessory. Compliance with these requirements can be accomplished by a combination 
of test and analysis. The design interface should be such that when the equipment 
is operating, there are no high/low pressure differentials between the components 
which would induce fluid transfer between components resulting in a low fluid level 
in one component and an overfill condition in the other component. Where this 
potential exists, an analysis and/or test should be used to demonstrate compliance. 

(4) Engine mounted accessories which are subject to arcing and sparking, 
Utust be isolated from all flammable fluids or vapors to minimize the probability of 
fire. This can be accomplished by isolating the electrical equipment from the 
flammable fumes or vapors or by isolating the flammable fumes or vapors from the 
potential ignition source. Compliance can be shown by analysis. 

(5) A failure mode and effect analysis should be submitted which shows 
that a failure of any engine mounted and driven accessory will not interfere with 
the continued operation of the engine. If a hazard is created by the continued 
rotation of an engine driven accessory after a failure or malfunction, provisions to 
stop its rotation or eliminate the hazard must be provided. The effectiveness of 
this device should be demonstrated by test. 

(6) The main transmission and rotor drive system should be protected from 
excessive torque loads and damage imposed upon them by accessory drives. One method 
which has been used is a torque limiting device; (i.e., shear section of main rotor 
drlveshaft). The effectiveness of any protection device should be demonstrated by 
test. 

570.-583. RESERVED. 
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SECTION 33. POWERPLANT FIRE PROTECTION 

584. RESERVED 

585. » 27.1183 (through Amendment 27-20) LINES. FITTINGS. AND COMPONENTS. 

a. Explanation. This section requires that any line, fitting or other 
component of a flammable fluid, fuel or flammable gas system which carries, conveys, 
or contains the fluid or gas in any area subject to engine fire conditions (I.e., a 
severe fire) must be at least fire resistant (reference § 1.1 for definition of fire 
resistant and see paragraph 360 which defines a severe fire). A n exception is for 
flammable fluid tanks and supports which are part of and attached to the engine or 
are in a designated fire zone. These items are required to either be fireproof (see 
§ 1.1 for definition of fireproof and see paragraph 360 which defines a severe fire) 
or to be enclosed b y a fireproof shield, unless fire damage to any non-fireproof 
part (e.g., secondary line or valve support) will not cause leakage of a flammable 
gas, flammable fluid or otherwise prevent continued safe flight and landing of the 
rotorcraft. All such components must be shielded, located, otherwise protected or a 
combination to safeguard against the ignition of leaking flammable fluids or gases. 
Integral oil sumps of less than 25 quarts capacity on a reciprocating engine need 
not be fireproof or enclosed by a fireproof shield; however, they should be fire 
resistant. Most integral sumps in this category are, by natural design and material 
selection, fire resistant. Exemptions to the preceding requirements are as follows: 

(1) Lines, fittings and components already approved under Part 33 as part 
of the engine itself. 

(2) Vent and drain lines (and their fittings) whose failure will not 
result in or add to a n operational fire hazard. In addition, all flammable fluid 
drains and vents must discharge clear of the induction system air inlet and other 
obvious ignition hazards. 

b . Procedures. A detailed review of the design should be conducted to 
identify and quantify all lines, fittings, and other components which carry 
flammable fluids and/or gases and are in areas subject to engine fire conditions 
such as engine compartments and other fire zones. Once these items are identified 
the design means of fire protection should be selected and validated, as necessary, 
during certification. For materials and devices that cannot be qualified as 
fireproof or fire resistant by similarity or by known material standards, testing to 
severe fire conditions (see Paragraph 360 definition, AC 20-135, and AC 23-2 for 
detailed requirements) should be conducted on full-scale specimens or representative 
samples to establish their fireproof or fire resistance capabilities. Exceptions to 
these standards (as provided in the regulatory section) should be reviewed and 
approved/disapproved on a case-by-case basis during certification. Also, 
operational fire hazards from drains, vents, and other similar sources should be 
identified and eliminated during certification. 
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586. S 27.1185 ( th rough Amendment 27-111 FLAMMABLE FLUIDS. 

1046 Chap 2 
Par 586 

a. E x p l a n a t i o n . Th is s e c t i o n r e q u i r e s t h a t f u e l , f lammable f l u i d , o r vapor 
tanks , r e s e r v o i r s o r c o l l e c t o r s be s u f f i c i e n t l y i s o l a t e d f rom eng ines , engine 
compartments, and o the r des ignated f i r e zones so t h a t hazardous heat t r a n s f e r from 
these areas t o f u e l , f lammable f l u i d , and vapor t a n k s , r e s e r v o i r s , o r c o l l e c t o r s i s 
prevented i n e i t h e r normal o r emergency s e r v i c e . 

b. D e f i n i t i o n s . 

(1) Fue l o r Flammable F l u i d C o l l e c t o r . Any dev ice such as a l a r g e v a l v e , 
accumulator , o r pump t h a t con ta ins a s i g n i f i c a n t amount o f f lammable f l u i d , f u e l , or 
vapor ( e . g . , the volume equal t o 10 ounces o r more o f f l u i d ) . 

(2) Flammable F^u^d o r Vapor Tank. Any f u e l , f lammable, f l u i d , o r vapor 
tank , r e s e r v o i r , o r c o l l e c t o r . 

(3) S u f f i c i e n t l y I s o l a t e d . F u e l , f lammable f l u i d s , o r vapors i n a t ank , 
r e s e r v o i r , o r c o l l e c t o r are i n s u l a t e d , removed, o therw ise p r o t e c t e d o r a combinat ion 
such t h a t t h e i r wors t case temperatures ( t he wors t case measured o r c a l c u l a t e d 
sur face temperature o f t h e i r c o n t a i n e r s ) i n e i t h e r normal o r emergency se rv i ce i s 
always 50 degrees Fahrenhe i t o r more away f rom the a u t o i g n i t i o n temperature o f the 
f u e l , f lammable f l u i d , o r vapor i n q u e s t i o n . 

(4) Minimum A u t o i g n i t i o n Temperature. The temperature a t a g i ven vapor 
pressure a t o r above which l i q u i d f u e l o r f u e l vapor w i l l s e l f combust, when 
de te rm in ing the minimum des ign va lue o f a u t o i g n i t i o n temperature wh ich w i l l occur i n 
e i t h e r normal or emergency o p e r a t i o n s , the c r i t i c a l , i n - s e r v i c e combinat ion o f vapor 
pressure and f u e l temperature shou ld be de termined. 

(5) Hazardous flea^ T rans fe r • A t o t a l i n c i d e n t hea t f l u x (a combinat ion o f 
conduc t ion , c o n v e c t i o n , and r a d i a t i o n , as a p p l i c a b l e ) f rom or i n an engine 
compartment o r o t h e r des ignated f i r e zone, wh ich would r a i s e the temperature l e v e l 
o f a f lammable f l u i d o r f u e l , t h e i r vapors , o r the su r face temperature o f t h e i r 
con ta ine rs t o w i t h i n 50 degrees Fahrenhe i t o r l e s s o f the minimum i n - s e r v i c e 
a u t o i g n i t i o n tempera tu re . T y p i c a l l y , the most c r i t i c a l hea t t r a n s f e r case t o be 
cons idered i s emergency s e r v i c e where a severe f i r e (see d e f i n i t i o n ) i s assumed t o 
occur i n each engine compartment and each des ignated f i r e zone on a case-by-case 
b a s i s . 

(6) Severe F i r e . See d e f i n i t i o n i n paragraph 360. 

c . Procedures. 

(1) The f u e l , f lammable f l u i d , and vapor system designs shou ld be reviewed 
e a r l y i n c e r t i f i c a t i o n t o i nsu re t h a t a l l f lammable f l u i d o r vapor tanks are 
p r o p e r l y i d e n t i f i e d and i s o l a t e d f rom eng ines , engine compartments, and o the r 
des ignated f i r e zones d u r i n g bo th normal and emergency ope ra t i ons such as i n - f l i g h t 
engine compartment o r o the r f i r e zone f i r e s . I n some cases f u e l o r f lammable f l u i d 
components must be l o c a t e d i n an engine compartment o r o the r des ignated f i r e zone. 
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In these cases, an equivalent safety finding (which considers the design, 
construction, materials, fuel lines, fittings, and controls used in the system, or 
system segment, contained in the engine compartment or other designated fire zone) 
should be undertaken as a part of the normal certification process. If the level of 
safety provided is equivalent to that provided by removing the system or system 
segment out of the engine compartment or designated fire zone, then the design 
should be accepted. For fuel tanks only, isolation is required by regulation to be 
achieved by use of either a firewall (reference Paragraph 589 for Firewall 
Requirements) or by use of a shroud. A shroud if used should be fireproof (see 
§ 1.1 for definition and the definition of a Severe Fire for further details) and 
should be drainable (or otherwise inspectable) to insure the fuel tank is not 
leaking in service. For other flammable fluid or vapor tanks, the regulations allow 
either the identical treatment previously described for fuel tanks (i.e., firewalls 
or shrouds) or, alternatively, use of an equivalent safety finding. The equivalent 
safety finding, if used, can be made as part of the standard certification process. 
Regulations require that the equivalent safety finding be based o n system design, 
tank materials, tank supports, and flammable fluid system connectors, lines, and 
controls. In all cases the flammable fluids, fuels, and vapors should be 
sufficiently isolated from hazardous heat fluxes during both normal and emergency 
operations to prevent autoignition. 

(2) In addition, the regulations require at least one-half inch of clear 
airspace between each flammable fluid or vapor tank and each firewall or shroud that 
isolates the system, unless equivalent means (such as fireproof insulation) are used 
to prevent hazardous heat transfer from each engine compartment or other fire zone 
to the flammable fluid or vapor mass (or its container surface) at the fluid or 
vapor's minimum autoignition temperature. If in-service structural deflections are 
significant, they must be taken into account when certifying the one-half inch 
minimum clear airspace requirement. For example, if a one-half inch clearance 
exists on the ground but in some normal and emergency flight conditions (e.g., 
autorotation) the one-half inch is reduced to one-fourth Inch at a critical time 
(in-flight engine fire), then the design (static) configuration should have at least 
a one-half plus one-fourth equals three-fourths inch static clear airspace to insure 
the regulation's intent is met. Alternatively, fireproof insulation or additional 
stiffeners could be used to insure the regulation's intent is met (I.e., the thermal 
equivalent of one-half inch clearance is maintained at all times). Any material 
used as insulation on or used adjacent to a flammable fluid or vapor tank, should be 
certified as chemically compatible with the flammable fluid or vapor and to be 
non-absorbent in case of fuel or vapor leaks. Otherwise, the material should either 
be treated for compatibility and non-absorbency or not accepted. 
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587. S 27.1187 VENTILATION. 

1048 Chap 2 
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a. Explanation. To ensure that any component malfunction which results in 
fuel, flammable fluid or vapor leaks Is safely drained or vented overboard and to 
ensure that a fire hazard is not created during either normal or emergency service, 
there should be complete, rapid drainage and ventilation capability present for each 
part of the rotorcraft powerplant installation and any other designated fire zone 
which utilizes flammable fluid or vapor carrying components. As a minimum, the 
routing, drainage, and ventilation system should accomplish the following: 

(1) It should be effective under normal and emergency operating 
conditions. 

(2) It should be designed and arranged so that no discharged fluid or 
vapor will create a fire hazard under normal and emergency operating conditions. 

(3) It should prevent accumulation of hazardous fluids and vapors in 
engine compartments and other designated fire zones. 

b. Definitions. 

(1) Drip Fence. A physical barrier that interrupts the flow of a liquid 
on the underside of a surface, such as a fuel tank, and allows any leaked liquid to 
drip from the surface away from hazardous locations to a safe external drain. 

c. Procedures. The design of flammable fluid and gas systems running through 
engine compartments and other designated fire zones should have a thorough hazard 
analysis performed early during certification that is updated periodically as design 
changes dictate. The hazard analysis should identify and quantify all normal and 
emergency service failures that could result in leakage of fuel, flammable fluids 
and vapors. Once these potential hazards are identified and quantified, appropriate 
design features, such as drains, drip fences and vents, that minimize or eliminate 
the hazard should be provided. These means should be analyzed, tested, or a 
combination as necessary, to ensure that their size, flow capacity, and other design 
parameters are adequate to rapidly remove hazardous fluids and vapors safely away 
from the rotorcraft under normal and emergency flight conditions. Typically a 
venting or draining system should be designed to a 3-to-l flow capacity margin over 
the probable worst case leak to which it could be subjected. Adverse effects such 
as clogging and surface tension flow reduction should be accounted for in design. 
Testing, Including flight testing, using inert fluids or vapors may be necessary for 
proper design certification. In some instances it may be appropriate to include 
ventilation and drainage tests when the aircraft is parked. 
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588. 5 27.1189 (through Amendment 27-23) SHUTOFF MEANS. 
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a. Explanation. 

(1) This section establishes the requirements for controlling hazardous 
quantities of flammable fluids which flow into, within, or through designated fire 
zones. 

(2) when any shutoff valve is operated, any equipment, including a 
remaining engine, which is essential for continued flight, cannot be affected. 

b. Procedure. 

(1) Combustible fluid supply lines which pass into, within, or through a 
firewall into the fire zone must incorporate shutoff valves. This requirement does 
not apply to lines, fittings, and components which were certified with and are part 
of the engine. These requirements do not apply to oil systems for reciprocating 
engines with less than 500 cubic inches displacement or to any other installation 
where all components, including the oil tanks, are fireproof or are located in an 
area that will not be affected by an engine fire. 

(2) Eight fluid ounces or less of a combustible fluid is not considered 
hazardous and no more than this amount should be present after activating the 
shutoff valve. 

(3) Engine isolation is to be maintained when incorporating shutoff valves 
Into engine fuel and lubrication lines. The design should ensure that when one 
engine is shut down or fails and the fuel and lubrication fluid shutoff valves are 
activated, the remaining good engine is not affected in any way, and the rotorcraft 
can continue safe flight to a landing. This should be demonstrated by test. 

(4) Each shutoff valve located in a fire zone should be fireproof. If the 
shutoff valve is located outside of the fire zone, then it should be at least fire 
resistant or protected so that it will function under a worst case fire condition 
within a fire zone. This should be demonstrated by test. 

(5) For primary propulsion engine Installations, the flammable fluid 
shutoff should be protected from inadvertent operation. Where electrical shutoffs 
are used, the switches should be guarded or require double actions. If the shutoffs 
are mechanically activated, the design of the knob and the location of the lever 
should be such that inadvertent actuation cannot occur. It must be possible to 
reopen the shutoff valve after it has been closed and this should be demonstrated by 
test. 
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589. S 27.1191 (through Amendment 27-21 FIREWALLS. 

1050 Chap 2 
Par 589 

a. Explanation. This section states the certification requirements for the 
use of fireproof protective devices such as firewalls, shrouds, or equivalent. 
These devices are necessary to isolate each engine (including combustor, turbine, 
and tailpipe sections of turbine engines and auxiliary propulsion units (APU); each 
APU; each combustion heater; each unit of combustion equipment; or each high 
temperature device (or source) from personnel compartments and critical components 
(not already protected under § 27.861). The isolation of these fire zones is 
necessary to prevent the spread of fires, prevent or minimize thermal injuries and 
fatalities, and prevent damage to critical components that are essential to a 
controlled landing. Even though § 27.1191(b) implicitly excludes APU's, combustion 
heaters, and other combustion equipment that are not used in flight; they should be 
protected by fireproof enclosures, because of the requirements of the relevant parts 
of §§ 27.1183 through 27.1203. This is because, even if the device is rendered 
inoperative in flight, it typically contains residual heat, fuel, fumes and 
potential ignition sources (I.e., "potential hazards"). Each fireproof protective 
device must, by regulation, meet the following criteria: 

(1) Its design and location must take into account the probable fire path 
from each fire zone or source considering factors such as internal airflow, external 
air flow, and gravity. 

(2) It must be constructed so that no hazardous quantity of air, fumes, 
fluids, or flame can propagate through it to unprotected parts of the rotorcraft. 

(3) Its openings (e.g., shaftholes, lineholes, etc....) must be sealed 
with close fitting fireproof gromraets, bushings, bearings, firewalls fittings, or 
equivalent that prevent burn through and leakage of hazardous fumes or fluids from 
the fire zone. 

(4) It must be fireproof (see definition). 

(5) It must be either corrosion resistant or otherwise safely protected 
from corrosion. 

b . Definitions 

(1) Fireproof Protective Device. A fireproof protective device is a 
device such as a firewall, shroud, enclosure, or equivalent used to isolate a heat 
or potential fire source (severe fire) from personnel compartments and from critical 
aircraft components which are essential for a controlled landing. 

(2) Fireproof. Fireproof is defined in § 1.1 "General Definitions." 

(3) Controlled Landing. A landing which is survivable (i.e., does not 
fatally injure all occupants) but may produce an unairworthy, partially salvageable, 
or unsalvageable rotorcraft. 

(4) Severe Fire. See Definition in paragraph 360. 
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c. Procedures. Fireproof protective devices are typically certified by 
analysis, tests, or a combination conducted during the certification process, 
including flight tests or simulated flight tests, as follows: 

(1) Fireproof protective devices should be provided wherever a hazard 
exists which requires isolation from a severe fire to avoid fires in personnel 
compartments and to avoid thermal damage to critical components (such as structural 
elements, controls, rotor mechanisms, and system components) that are necessary for 
a controlled landing. A thorough hazard analysis should be conducted during 
certification to identify, define and quantify in order of severity (i.e., maximum 
temperature, hot exposed area, etc.) all thermal hazards or zones that require 
fireproof protection In a given design. Engines (including the combustor, turbine, 
and tailpipe sections of turbine engines), APU's, combustion heaters, and combustion 
devices are required by regulation to be isolated. Other high temperature devices 
may also require isolation because of local h o t spots (which occur during normal 
operations or from failure modes) that can thermally Injure occupants or cause 
spontaneous combustion of surroundings. A hazard analysis should identify these 
potential problems and provide proper certification solutions. 

(2) Fireproof protective devices should be able to withstand at least 
2000 + 150 degrees Fahrenheit for at least 15 minutes (reference AC 20-135), The 
fireproof protective device should allow protected parts, subsystems or systems to 
perform their intended function for the duration of a severe fire (see definitions). 
For firewalls, examples of flat, geometry materials undergoing uniform heat fluxes 
with material gauges that automatically meet the certification requirements are 
given in Table 589-1. If firewalls are utilized that involve other materials, 
significant geometric changes, or significantly non-uniform heat fluxes, then 
automatic compliance may not be assured. In such cases the fireproof protective 
device should be analyzed using the severe fire definition and, in some cases, 
tested in accordance with AC 23-2 to ensure proper certification. For example, a 
curved protective surface may absorb a uniform incident heat flux unevenly and 
create a local hot spot that exceeds 2,150 degrees Fahrenheit that burns through in 
less than 15 minutes; whereas, a flat surface of equal thickness might not exceed 
2,150 degrees Fahrenheit and would not burn through in less than 15 minutes. It 
should be noted that composite materials are not generally used for protective 
devices because of their inability to withstand high temperatures (i.e., exceedance 
of the glass transition temperature); however, some specially formulated composites 
have been previously certified as engine cowlings. Titanium is an acceptable 
material for fireproof protective devices such as firewalls. However, use of 
titanium should always be carefully considered and reviewed, because it can lose all 
structural ability and burn severely (self combust) above 1,050 degrees Fahrenheit, 
under certain thermodynamic environments, and contribute to the fire instead of 
providing the Intended fire protection. AC 33-4, "Design Considerations Concerning 
the Use of Titanium in Aircraft Turbine Engines" and MIL-HDBK-5D contain more 
detailed information on the unique thermal properties of titanium. 
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TABLE 589-1 
TABLE O F MATERIALS AND GAGES ACCEPTABLE 

FOR FIREPROOF PROTECTIVE DEVICES WITH FLAT 
SURFACE GEOMETRIES' 1' 

MATERIAL* 2 ) 

Titanium Sheet 
Stainless Steel 
Mild Carbon Steel 
T e m e Plate 
Monel Metal 
Firewall Fittings 
(Steel or Copper Base) 

MINIMUM THICKNESS ( 3> 
.016 in 
.015 in 
.018 in 
.018 in 
.018 in 
.018 in<4> 

NOTES: 

(1) Assumes essentially flat vertical or horizontal surfaces undergoing a uniform 
heat flux. Any significant variation in either geometry or heat flux distribution 
should be examined in detail for adequate gauge thicknesses on a case-by-case basis. 

(2) Must have corrosion protection If not inherent in the material itself. 

(3) The minimum thickness is for thermal containment only. Structural integrity 
considerations may require thickness increases. MIL-HDBK-5D contains material 
allowable versus temperature data for most common metallic materials. 

(4) This is the minimum wall thickness measured at the smallest dimension (e.g., 
thread root or other location) of the part. 

(5) Distortion of thin sheet materials and the subsequent gapping at lap joints or 
between rivets is difficult to predict; therefore, testing of the simulated 
installation Is necessary to prove the integrity of the design. However, rivet 
pitches of 2 inches or less on non load-carrying titanium firewalls of .020 inch or 
steel firewalls of .018 inch are acceptable without further testing. 
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(3) The probable path of a fire (as affected by Internal and external air 
flow during normal flight and autorotation, gravity, flame propagation paths, or 
other considerations) should be taken Into account when performing the hazard 
analysis of item (1). Such a review will ensure that fireproof protective devices 
are placed in the proper location for intercepting, blocking or containing a severe 
fire before occupants are injured and a controlled landing is prevented. If the 
probable path cannot be readily determined by inspection or analysis, testing using 
simulated air flows, rotorcraft attitudes, and dyed inert fluids or vapors can be 
used to aid in this determination. 

(4) Each opening in a protective device should be sealed with close 
fitting sealing devices such as fireproof grommets, bushings, firewall fittings, 
rotating seals or equivalent that are at least as effective as the fireproof 
protective device itself. This is necessary to ensure that no local breakdowns in 
protection occur. For materials not listed as acceptable in Item (1), analysis and 
testing should be required in accordance with FAA standards and the definition of a 
severe fire for proper substantiation. 

(5) Each protective device should be fireproof in order to withstand a 
severe fire. Unless designs and materials have been previously FAA approved (e.g., 
see Item 1), the protective device's design and material selection should be tested 
to ensure its fireproof thermal and structural integrity. A full-scale test of a 
structurally loaded article or a representative sample should be conducted to ensure 
proper compliance is achieved. Also, the continued sealing ability of the 
protective device in its deformed state due to a hard controlled landing should be 
considered during certification (e.g., use of ductile materials). The corrosion 
environment should be defined and appropriate protection provided. Phased 
inspections should be specified, if necessary, to ensure continued corrosion 
integrity. Certification tests for adequacy of corrosion protection should be 
conducted using sample plates or by other equivalent means, as required. * 
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590. 6 27.1193 (through Amendment 27-20> COWLING AND ENGINE COMPARTMENT 
COVERING. 

a. Explanation. 

(1) Section 27.1193(a) requires the cowling and engine compartment 
coverings to structurally withstand loads experienced in flight, 

(2) In order to prevent pooling of flammable fluids, § 27.1193(b) requires 
rapid and complete drainage from the cowling and engine compartment. 

(3) Section 27.1193(c) requires the drain of paragraph (b) to purge the 
fluid in such a manner not to create a fire hazard. 

(4) Section 27.1193(d) requires the cowling and engine compartment 
covering to be at least fire resistant and paragraph (e) requires them to be 
fireproof where they may experience high temperatures due to the exhaust system. 

b. Procedures. 

(1) Compliance with § 27.1193(a) can be shown by analyzing the cowling and 
engine compartment covering and determining that no structural degradation will 
occur under the highest loads experienced on the ground or in flight. 

(2) Compliance with § 27.1193(b) can be accomplished by ensuring that the 
drain will discharge positively with no traps and is a minimum of 0.25 inches In 
diameter. 

(3) Compliance with § 27.1193(c) can be demonstrated by colored liquid 
flowing through the drain system while in flight. The dye should not impinge on any 
ignition source during any approved flight regime. 

(4) Compliance with § 27.1193(d) can be accomplished by showing that the 
cowling and engine compartment covering is fire resistant. Fire resistant in this 
context means a material that has the capacity, under expected service conditions 
(load, vibration, airflow), to withstand the heat associated with fire at least as 
well as aluminum alloy in dimensions appropriate for the purpose. 

(5) Compliance with § 27.1193(e) can be accomplished by showing that the 
cowling and engine compartment coverings retain adequate structural integrity when 
subjected to elevated temperatures that may be expected in service. 
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591. S 27.1194 (through Amendment 27-2^ OTHER SURFACES. 
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a. Explanation. This section states the fire resistance requirements for 
material surfaces near engine compartments and designated fire zones (other than 
tail surfaces not subject to heat, flames or sparks emanating from a designated fire 
zone or engine compartment). 

b. Definition. 

(1) Other Surface. Any airframe, system or powerplant component aft of 
and near an engine compartment, a designated fire zone, or another heat source which 
would receive a heat flux as a result of a fire in the engine compartment or fire 
zone that would require the component to be fire resistant. 

(2) Fire Resistant. In accordance with § 1.1, Is defined as follows: 

(i) Sheet metal or structural members with the capacity to withstand 
the heat associated with the fire at least as well as aluminum alloy in dimensions 
appropriate for the purpose for which they are used. 

(ii) Fluid carrying lines, fluid system parts, wiring, air ducts, 
fittings and powerplant controls with the capacity to perform their intended 
functions under the heat and other conditions resulting from a fire. 

(3) Fire. A fire in either an engine compartment or a designated fire 
zone is assumed to occur that produces a heat flux on a system, airframe or 
powerplant component aft of or near the fire. The effect of each such fire on other 
surfaces must be considered on a case-by-case basis to determine the critical case. 
Unless a more rationale definition is furnished and approved during certification, 
the fire in any engine compartment or designated fire zone should be assumed, for 
purposes of analysis, to be a severe fire (see definition in paragraph 360). 

c. Procedures. 

(1) Other surfaces should be identified during certification by a design 
review and by a conservative, thorough hazard analysis based on an analytical 
estimate of the total heat flux (i.e., conduction, convection, and radiation in 
combination, as applicable) using the definition of a severe fire and of the 
resultant "other surface" temperature based on a single fire occurring in each 
engine compartment and designated fire zone, on a case-by-case basis. Once the 
other surfaces are identified and their severe fire induced maximum temperatures 
determined, their configuration and material selection should be reviewed on a 
case-by-case basis to determine either that they are fire resistant, that they can 
be made fire resistant (within the limits of practicability), or that it is 
impracticable to make them fire resistant. If the non-fire resistant other surfaces 
can be readily made fire resistant they should be. If it is impracticable to make 
them fire resistant, then they should be relocated, insulated, or a combination in 
order to reduce the total incident heat flux (and, thus, lower their surface 
temperature) so that they no longer need be fire resistant. If insulation is used 
to shield a surface that is subjected to a significant temperature, it must be fire * 
resistant. 
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(2) A partial validation of analytical heat flux models using the 
definition of a severe fire can sometimes be achieved during certification tests by 
using thermocouples or heat-sensitive stickers to measure in-flight temperature 
ranges and distributions on other surfaces from known thermal environments in engine 
compartments or other designated fire zones. 

592. S 27.1195 (through Amendment 27-51 FIRE DETECTOR SYSTEMS. 

a. Explanation. 

(1) This section requires quick-acting fire detectors to be installed on 
turbine powered rotorcraft, when the engine compartment cannot be readily observed 
in flight by the pilot in the cockpit. 

(2) The number of detectors and locations must be sufficient to ensure 
prompt detection of fire in the engine compartment. 

b. Procedures. 

(1) The detector system should be designed for highest reliability to 
detect a fire and not to give a false alarm. It Is desirable that it only responds 
to a fire and misinterpretation with a lesser hazard should not be possible. Engine 
overtemperature, harmless exhaust leakage, and bleed air leakage should not be 
indicated by a fire detector system. A fire detection system should be reserved for 
a condition requiring immediate measures such as engine shutdown or fire 
extinguishing. There are three general types of detector-procedure systems that are 
commonly used: 

(i) A manual system utilizes warning lights to alert the pilot who 
then follows prescribed cockpit procedure as a countermeasure. A manual system is 
adequate for hazards in which a few seconds are not important. 

(ii) There is also a semi-automatic system. Occasionally a helicopter 
becomes so complex that the emergency procedure exceeds reasonable expectations of 
the pilot. In such cases, psychology should be weighted against complexity, and 
"panic switches," combining multiple procedure functions, should be provided to 
simplify the mental demands on the pilot. Speed is gained by such designs for 
hazards which may need it. 

(iii) The detector of an automatic system automatically triggers the 
appropriate countermeasures and warns the pilot simultaneously. Such a system 
should be carefully evaluated to assure that the advantages outweigh the 
disadvantages and potential malfunctions. 
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(2) Fires, or dangerous fire conditions can be detected by means of 
various existing techniques. The following is a partial list of available 
detectors: 

(i) Radiation-sensing detectors. 

(ii) Rate-of- temperature-rise de tectors 

(iii) Overheat detectors. 

(iv) Smoke detectors. 

(v) CO detectors. 

(vi) Combustible mixture detectors. 

(vii) Fibre-optic detectors. 

(viii) Ultraviolet. 

(ix) Observation of crew or passengers. 

(3) In many rotorcraft it is desirable to have a detection system which 
incorporates several of these different types of detectors. Radiation-sensing 
detectors are most useful where the materials present will burn brightly soon after 
ignition, such as in the powerplant accessory section. Rate of rise detectors are 
well-suited to compartments of normally low ambient temperatures and low rates of 
temperature rise where a fire would produce a high temperature differential and 
rapid temperature rise. It should be noted that under certain circumstances, where 
a relatively slow temperature increase occurs over a considerable period of time, a 
fire can occur without detection by rate of rise detectors. Overheat detectors 
should be used wherever the hazard is evidenced by temperatures exceeding a 
predicted, set value. Smoke detectors may be suited to low air flow areas where 
materials may burn slowly, or smolder. Fibre-optic detectors can be used to 
visually observe the existence of flame or smoke. The three major detector types 
used for fast detection of fires are the radiation-sensing, rate-of-rise, and 
overheat detectors. Radiation-sensing detectors are basically "volume" type which 
senses flame within a visible space. Overheat-fire detectors can be obtained in 
either "continuous" or "unit" type. 
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(4) The detector system should: 

(i) Indicate fire within 15 seconds after ignition, and show which 
engine compartment in which the fire is located. 

(11) Remain on for the duration of the fire. 

(iii) Indicate when the fire is out. 

(iv) Indicate re-ignition of the fire. 

(v) Not by itself precipitate or add to the potential of any other 
hazards. 

condition. 
(vi) Not cause false warnings under any flight or ground operating 

(5) Additional features of the detection system are as follows: 

(i) A means should be incorporated so that operation of the system 
can be tested from the cockpit. 

(ii) Detector units should be of rugged construction, to resist 
maintenance handling, exposure to fuel, oil, dirt, water, cleaning agent, extreme 
temperatures, vibration, salt air, fungus, and altitude. Also, they should be light 
in weight, small, and compact, and readily adaptable to desired positions of 
mounting. 

(Iii) The detector system should operate on the rotorcraft electric 
system without inverters. The circuit should require minimum current unless 
indicating a fire or unless a monitoring system is in use. 

(iv) Fixed temperature fire detectors should preferably be set at 
100"F (37.7°C) to 150°F (65.6°C) above maximum safe ambient temperature, or higher 
when In compartments where extremely high rate of rise is normally encountered. 

(v) Detector system components located within fire zones should be 
fireproof. 

(vi) Each detector system should actuate a warning device which 
indicates the location of the fire. If fire warning lights are used, they must be 
in the pilot's normal field of view. 

(vii) Two or more engines should not be dependent upon any one detector 
circuit. The Installation of common zone detection equipment prevents the detection 
system from distinguishing between the engine installations, necessitating shutting 
down more than one engine. 
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(6) The sens ing p o r t i o n o f the f i r e d e t e c t i o n system shou ld not extend 
ou ts ide o f the coverage area i n t o another f i r e zone. D e t e c t o r s , w i t h the excep t ion 
o f r a d i a t i o n - s e n s i n g d e t e c t o r s , should be l o c a t e d a t p o i n t s where the v e n t i l a t i o n 
a i r leaves compartments. I f a r e v e r s e - f l o w c o o l i n g system i s used, de tec to r s should 
be i n s t a l l e d a t l o c a t i o n s which are o u t l e t s under bo th f l i g h t and ground ope ra t i ng 
c o n d i t i o n s . Stagnant a i r spaces should be avoided and the number o f v e n t i l a t i o n a i r 
e x i t s shou ld be kep t t o a minimum. Compliance w i t h these recommendations a l l ow the 
e f f e c t i v e placement o f a minimum amount o f d e t e c t o r s , and s t i l l ensure prompt 
d e t e c t i o n o f f i r e i n those zones. Rad ia t i on -sens ing d e t e c t o r s should be l oca ted 
such t h a t any f lame w i t h i n the compartment i s immediate ly sensed. Th is may or may 
no t be where the v e n t i l a t i o n a i r leaves the compartment. 

(7) F i r e de tec to rs should be i n s t a l l e d i n des ignated f i r e zones, the 
combustor, t u r b i n e , and t a i l p i p e sec t ions o f t u r b i n e i n s t a l l a t i o n s , 

( i ) Engine Power Sec t ion (Combustor, Turb ine and T a i l p i p e ) : Th is 
zone i s u s u a l l y c h a r a c t e r i z e d by p r e d i c t a b l e hazard areas which f a c i l i t a t e proper 
de tec to r l o c a t i o n . I t i s recommended t h a t coverage be p rov i ded f o r any v e n t i l a t i n g 
a i r o u t l e t as w e l l as i n te rmed ia te s t a t i o n s where l e a k i n g combust ib les may be 
expected. 

( i i ) Compressor Compartment: Th is i s u s u a l l y a zone o f r e l a t i v e l y low 
a i r f l o w v e l o c i t i e s , b u t wide geograph ica l p o s s i b i l i t y f o r f i r e s . When f i r e 
de tec to rs o ther than r a d i a t i o n - s e n s i n g d e t e c t o r s are used, d e t e c t i o n a t a i r o u t l e t s 
p rov ides the bes t p r o t e c t i o n , and in te rmed ia te d e t e c t o r l o c a t i o n s are o f va lue on l y 
when s p e c i f i c hazards are a n t i c i p a t e d . 

' i i i ) Accessory B u l l e t Nose: Where such a compartment I s so equipped 
t h a t i t i s a p o s s i b l e f i r e zone, i t s narrow con f ines pe rm i t s u f f i c i e n t coverage w i t h 
one o r more de tec to rs a t the o u t l e t s . 

( i v ) Heater De tec to r L o c a t i o n : An overheat d e t e c t o r should be p laced 
i n the h o t a i r duc t downstream o f the h e a t e r . I f the hea te r f u e l system or exhaust 
system c o n f i g u r a t i o n i s such t h a t i t i s a f i r e hazard , the compartment surrounding 
the heater should a l so be examined as a p o s s i b l e f i r e zone. 

( v ) A u x i l i a r y Power U n i t De tec to r L o c a t i o n : The use o f a 
combust ion-dr iven a u x i l i a r y power u n i t c rea tes another se t o f t y p i c a l engine 
compartments de f i ned and t r e a t e d as above. Some u n i t s are so shrouded w i t h 
f i r e p r o o f m a t e r i a l t h a t these compartments e x i s t on l y w i t h i n the con f ines o f the 
shroud. They are s t i l l , however, f i r e zones and shou ld have a d e t e c t i o n system. 

593. -616. RESERVED. * 
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SECTION 34. EQUIPMENT - GENERAL 

617. S 27.1301 (through Amendment 27-21) FUNCTION AND INSTALLATION. 

a. Explanation. It should be emphasized that this rule applies to each item 
of installed equipment including optional as well as required equipment. 

b. Procedures. 

(1) Information regarding installation limitations and proper functioning 
is normally available from the equipment manufacturers In their installation and 
operations manuals. In addition, some other paragraphs in this AC include criteria 
for evaluating proper functioning of particular systems. (An example is 
paragraph 776 for avionlc equipment.) 

(2) This general rule is quite specific in that it applies to each item of 
installed equipment. It should be emphasized, however, that even though a general 
rule is relevant, a rule that gives specific functional requirements for a 
particular system will prevail over a general rule. Therefore, if a rule exists 
that defines specific system functioning requirements, its provisions should be used 
to evaluate the acceptability of the installed system and not the provisions of this 
general rule. It should also be understood that an interpretation of a general rule 
should not be used to lessen or increase the requirements of a specific rule. 
Section 28.1309 is another example of a general rule, and this discussion is 
appropriate when applying its provisions. 

(3) For optional equipment, the emphasis on functioning is rather limited 
compared to that for required equipment. The conditions under which the optional 
equipment is evaluated should be recorded in the type inspection report. The major 
emphasis for this type of equipment should be to ensure it does not interfere with 
the operation of systems that are required for safe operation of the rotorcraft, and 
that the failure modes are acceptable and do not create any hazards. 

618. S 27.1303 (through Amendment 27-21) FLIGHT AND NAVIGATION INSTRUMENTS. 

This rule lists the flight and navigation instruments that are required for VFR 
operation. Additional rules to be consulted when determining the flight and 
navigation Instrument installation design are § 27.1321, arrangement and visibility, 
and Part 27, Appendix B, paragraphs VIII(a) and (b), for IFR operation 
considerations. Other considerations may also be found by reviewing the 
requirements of §§ 27.1323, 27.1327, 27.1335, 27.1381, 27.1543, 27.1545, and 
27.1547. 
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protection and electromagnetic shielding afforded aircraft avionic systems by the 
advanced technology composite airframe materials. Additionally, processor-based 
systems have the failure phenomenon of digital upset. A digital upset occurs when a 
system, perturbed by an electrical transient, ceases proper operation in accordance 
with its embedded software while suffering no apparent component or device damage. 

(B) Since elements of electrical/electronic engine subsystems are 
typically spread throughout much of the helicopter, transients caused by lightning 
are coupled into the subsystem interface cables and may damage the system or cause 
upset. Effective lightning protection must be designed and incorporated into these 
systems. Reliance upon redundancy as a means of protection against lightning 
effects is generally not adequate because lightning electromagnetic fields and 
structural IR voltages usually interact (to some extent) with all electrical wiring 
aboard a helicopter. 

(C) The testing and analysis outlined in this discussion are 
methods by which the FAA may be assured that when the helicopter experiences "the 
foreseeable operating condition" of a worst-case lightning strike encounter that the 
electronically controlled engines will continue to "perform their Intended function" 
and therefore be in compliance with § 27.1309 as installed. 

(D) The definition of what constitutes a full authority engine 
control is not at this time clearly defined. However, it has been accepted in past 
certification that any control which relies upon the electronics for the function on 
which Civil Certification or Military Qualification is based (e.g. rotor speed 
governing) is a full authority control, regardless of the backup control mode 
provided. If engine certification or qualification can be achieved without the 
electronic control which is subsequently added to achieve improved operational 
efficiency in the aircraft, the control Is "supervisory." 

However, if the controls used in a multiengine helicopter have a common failure 
caused by a lightning strike which could result in simultaneous failures which would 
cause a reduction in power greater than the loss of one engine, this would also be 
considered "full authority." 

NOTE: If OEI ratings are approved, cumulative loss of power from all engines must 
be limited to allow flight manual performance based on OEI ratings. 

(ii) Procedure. Although not a regulatory requirement, it is 
recommended that a formal written certification plan be used to assure regulatory 
compliance. The use of this plan is beneficial to both the applicant and the FAA 
because it identifies and defines an acceptable resolution to the critical issues 
early in the certification process. These are the usual steps to be followed when 
utilizing a certification plan: 

(A) Prepare a certification plan which describes the analytical 
procedures and/or the qualification tests to be utilized to demonstrate protection 
effectiveness. Test plans should describe the helicopter and FADEC system to be 
utilized, test drawing(s) as required, the method of installation that simulates the 
production installation, the lightning zone(s) applicable, the lightning simulation 
method(s), test voltage or current waveforms to be used, diagnostic methods, and the 
appropriate schedules and location(s) of proposed test(s). 
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(B) Obtain FAA concurrence that the certification plan is 

1086 Chap 2 
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adequate. 

(C) Obtain FAA detail part conformity of the test articles and 
installation conformity of applicable portions of the test setup. 

(D) Schedule FAA witnessing of the test, 

(E) Submit a final test report describing all results and obtain 
FAA approval of the report. 

(iii) Definition of Environment. This SAE AE4L Committee report has 
been incorporated into FAA Advisory Circular AC 20-136, "Protection of Aircraft 
Electrical/Electronic Systems Against the Indirect Effects of Lightning," issued 
3/5/90. For new designs and applications after 3/5/90, it is recommended that the 
definition of a severe natural lightning as contained in Appendix 3 be used. 

(iv) Certification Plan. The following subjects are not intended to 
provide a complete list of the items which should be included in the certification 
plan, but rather highlight some of the areas which should receive consideration. 
The certification plan should address the total protection which is required to 
allow the FADEC to continue to operate properly when the helicopter experiences a 
worst-case lightning strike encounter. 

(A) Determination of Lightning Strike Attachments. Determine 
the locations on the helicopter where lightning strike attachment is likely to occur 
and the portions of the airframe through which currents may flow between 
attachments. The main and tail rotors are recognized as likely attachment points; 
however, consideration should be given to all possible attachment points. The swept 
stroke phenomenon may not exist for all lightning strike encounters due to the fact 
that the helicopter may be airborne with little or no airspeed. 

(B) Establish the Lightning Environment. Establish the 
components of the total lightning event to be considered. These are the currents 
and voltages which are described in the definition of the environment. 

(C) Full-Level. Complete Vehicle Testing. In accordance with 
traditional FAA Policy, the demonstration that the FADEC installed in a complete 
type design helicopter will continue to operate properly when exposed to a 
worst-case lightning strike is sufficient to demonstrate compliance with 
§ 27.1309(a). Because of the difficulties involved In utilizing this type of an 
approach, it Is generally not used. 

(D) Analytical Processes. A description should be given in the 
certification plan of the analytical process and/or certification tests to be 
utilized to demonstrate protection effectiveness. Typically, the certification plan 
will include a combination of analysis and tests. (Analytical techniques are most 
often utilized to predict the levels of lightning-induced transients in 
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c. Failure Analyses. 

Chap 2 
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(1) Power and distribution systems should be analyzed to show compliance 
with § 27.1309. 

(i) One acceptable procedure for documenting the analysis is 
contained in Society of Automotive Engineers (SAE) Fault/Failure Analysis Procedure 
ARP 926A, revised November 15, 1979. 

(ii) As a minimum, any analysis should consider the effect of failures 
of components and systems on the capability of the rotorcraft to perform its 
intended function without hazard. 

( H i ) The analysis should consider the Indication of failure. Those 
latent failures that occur without indication should be considered in all possible 
sequences and combinations of additional failures until a positive indication of 
failure is provided. 

(iv) The analysis should consider failure of indirectly related parts 
of installations which could induce failure in the system being analyzed, for 
example, the effect of hydraulic fluid sprayed on electrical components as a result 
of a ruptured hydraulic line. Another example is the result of a ruptured bleed air 
line and its effect on hydraulic, fuel, or electrical lines/cables. 

(v) The Type Inspection Authorization (TIA) should call for specific 
simulated failures, evaluation of failure detection, failure warning, and 
performance of the remaining system on the ground and in-flight to verify the 
critical aspects of the failure analysis. The applicant should provide a proposed 
detailed test procedure for incorporation in the TIA to accomplish this 
verification. The applicant's proposed tests simulating in-flight failures 
should be carefully reviewed by both the systems engineer and flight test pilot to 
assure the flight test crew will not be subjected to hazardous flight. Where 
practicable those simulated failures that would be hazardous in flight should be 
evaluated by ground tests. Analyzed and tested systems (where functioning is 
required) exhibiting hazards or failing to perform their intended functions under 
any foreseeable operating conditions must be redesigned to comply with § 27.1309. 

(2) Utilization systems that are required or critical as to performance of 
intended function or result In rotorcraft hazard upon failure should also be 
analyzed for failures by the procedures of paragraphs c(l)(i) through c(l)(iv) 
above. Examples of systems which may be critical are autopilots, hydraulic control 
systems, navigation and flight instruments on IFR approved rotorcraft, and bleed air 
systems. 

d. Documentation. All laboratory, ground, and flight tests, and failure 
analyses, must be documented in sufficient detail to show compliance with § 27.1309 
and included in the type design file. Section 21.31(a) provides the regulatory 
basis for requiring this documentation. If the applicant elects to use a numerical 
reliability/probability analysis it must also be documented in sufficient detail. 
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e. Computer Software. 

(1) If implementation of the equipment, systems, or installations Includes 
computer software, the RTCA Document DO-178A "Software Considerations in Airborne 
Systems and Equipment Certification," dated March 22, 1985, is the recommended 
standard to be used for the approval of system software. This document defines 
three levels of software; i.e., levels 1, 2, and 3. The level of the software is 
related to the consequence of a system malfunction caused by an error in the 
software. The criticality categories are: 

(i) Critical - Functions for which the occurrence of any failure 
condition or design error would prevent the continued safe flight and landing of the 
aircraft. 

(ii) Essential - Functions for which the occurrence of any failure 
condition or design error would reduce the capability of the aircraft or the ability 
of the crew to cope with adverse operating conditions. 

(iii) Nonessential - Functions for which failures or design errors 
could not significantly degrade aircraft capability or crew operational cue. 

(2) The different software levels are related to the criticality 
categories. Level 1 software, the most error free software, is usually required for 
critical functions. However, level 1 software may sometimes be reduced by system 
architecture techniques such as the use of redundant (dissimilar) software 
performing the same function. Level 2 software is required for essential functions. 
It should be noted that those systems, equipment, and installations, with 
functioning required by 14 CFR subchapter C, are by this definition essential 
functions. The criticality of the function should be determined by the use of a 
fault/failure or hazard analysis. The Society of Automotive Engineers Aeronautical 
Recommended Practice Document Nos. 926A and 1834, are the recommended reference for 
performing these analyses. 

CAVEAT: The user of DO-178A is cautioned by a caveat in Chapter 3 that for a 
certain class of systems, the techniques in DO-178A, level 1, software are not by 
themselves sufficient consideration for reliance on system software to preclude a 
catastrophic event. Additional considerations are required with this class system 
for software verification and validation (V&V) in addition to those required for 
DO-178A level 1 This class of systems is one which has been called "full flight 
regime critical." A n example of such a system Is a fly-by-wire flight control. 
This system must perform its intended function through the full flight regime to 
provide for the continued safe flight and landing of the rotorcraft. For this 
system, software and system level validation beyond the scope of DO-178A are 
required. Also, DO-178A cautions the user against the assignment of probabilities 
of residual software errors. The conclusion of Special Committee No. 152 (RTCA 
committee that wrote DO-178A) was that the present methods available for assigning 
"reliability" numbers to software do not yield credible results for certification 
purposes. 
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f. High Intensity Radiated Fields (HIRF). 
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(1) Explanation. A regulatory project is active to add requirements for 
the protection of aircraft electrical and electronic systems from the effects of the 
HIRF environment. This effort is the result of technological advances In airframe 
and electronic systems design and a concurrent increase in the levels of radiated 
power In the aircraft environment. These changes have raised vulnerability to the 
electromagnetic environment of the electrical and electronic systems which perform 
critical and essential functions. In current type certification programs involving 
advanced electrical and electronic systems the FAA has adopted special conditions to 
provide an adequate level of safety. 

(I) The special conditions are directed toward the operation and 
operational capability of the installed electrical and electronic systems that 
perform critical functions. The applicant may demonstrate that these systems are 
not adversely affected when the aircraft is exposed to the HIRF environment, or as 
an alternative a laboratory test may be conducted, as discussed In the "Discussion" 
associated with each special condition. The laboratory tests would be conducted at 
a peak electromagnetic strength of 100 or 200 volts per meter, as appropriate, in a 
frequency range of 10 KHz to 18 GHz. 

(ii) A n acceptable definition of the HIRF environment is included in 
an FAA Aircraft Engineering Division Memorandum dated December 5, 1989, (Subject: 
High Energy Radiated Electromagnetic Fields (HERF) Interim Policy Guidelines on 
Certification Issues). 

(iii) If the laboratory test alternative is selected the 100 
volts/meter level is considered appropriate for a function that is critical during 
IFR operations and the 200 volts/meter level is considered appropriate for a 
function that is critical during VFR operations. This is because the minimum en 
route altitude for IFR flight is 1,000 feet or 500 feet (FAA or ICAO), and 
helicopters operating VFR can and do operate regularly at lower altitudes. The 
attitude system is an example of a system performing a critical function during IFR 
operation. A full authority digital engine control (FADEC) system is an example of 
a critical function during VFR and IFR operation. i 
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(2) Procedure. It is recommended that the applicant present a plan to the 
cognizant FAA Aircraft Certification Office (ACO) for approval, outlining how the 
compliance with the HIRF requirements will be attained. This plan should also 
propose a pass/fail criteria for the operation of critical systems in the HIRF 
environment. 

(i) A preliminary hazard analysis should be performed by the 
applicant for approval by the cognizant FAA ACO to identify electrical and/or 
electronic systems that perform critical functions. The term "critical functions" 
means those whose failure would prevent the continued safe flight and landing of the 
rotorcraft. 

(ii) The systems performing critical functions that are identified by 
the preliminary hazard analysis are candidates for the application of HIRF 
requirements. A system may perform both critical and non-critical functions; 
however, the HIRF requirements only apply to critical functions. If redundant 
systems are used, all systems should be subjected to test/analysis for the HIRF 
requirements. 

(iii) RTCA-DO-160C, Section 20 is an appropriate reference for 
laboratory test procedures. In addition a separate advisory circular and users 
guide on the subject of HIRF is being drafted for the FAA by the SAE AEAR 
Subcommittee. 

622.-631. RESERVED. 
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(v) Most of the autopilots which have been approved utilize series 
actuators or servos such as those required for a SAS. However, this does not 
preclude the approval of an autopilot which uses outer loop parallel actuation. 
This type of autopilot may be particularly helpful in a VFR aircraft. 

(2) Cockpit controls. Evaluation of the cockpit controls should include 
the following Items: 

(i) Location of the automatic pilot system controls are such that 
their operation is properly labeled and is readily accessible to the pilot(s). 

(Ii) Annunciator colors conform to the colors specified in § 27.1322 
(ref. paragraph 633 of this A C ) . 

(iii) A determination is made that the controls, control labels, and 
placards are readable and discernible under all expected cockpit lighting 
conditions. 

(iv) Motion and effect of the autopilot cockpit controls should 
conform with the requirements of § 27.779. 

(v) Annunciation should be provided if the autopilot disconnects for 
any reason other than pilot action. 

c. Malfunction evaluations. To preclude hazardous conditions which may result 
from any failure or malfunctioning of the autopilot the following failures should be 
evaluated. This evaluation should also account for any hazards which also might be 
caused by inadvertent pilot action. The guidance In paragraph 775 of this AC should 
be used to determine the appropriate reaction times of the human pilot to an 
autopilot malfunction. 

(1) Climb, cruise, and descent flight regimes. The more critical of the 
following should be induced into the automatic pilot system. 

(i) A signal about any axis equivalent to the emulative effect of 
any single failure, including autotrim (If installed). 

(il) The combined signals about all affected axes, if multiple axes 
failures can result from the malfunction of any single component. 

(2) The simulated failure and the subsequent corrective action should 
not create loads in excess of structural limits or result in dangerous dynamic 
conditions or deviations from the flight path. Additional guidance regarding the 
method of determining pilot recognition times and reasonable flight path 
deviations due to those simulated failures is contained in paragraph 775b(6) of 
this AC. Resultant flight loads outside the envelope of zero to 2g will be 
acceptable provided adequate analysis and flight test measurements are conducted 
to establish that no resultant aircraft load is beyond limit loads for the 
structure, including a critical assessment and consideration of the effects of 
structural loading parameter variations (i.e., center of gravity, load 
distribution, control system variations, maneuvering gradients, etc.). Analysis 
alone may be used to establish that limit loads are not exceeded where the 
aircraft loads are in the linear range of loading (i.e., aerodynamic coefficients 
for the flight condition are adequately established and no significant nonlinear 
air loadings exist). If significant nonlinear effects could exist, flight load 
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survey measurements may be necessary to substantiate that the limit loads are not 
exceeded. The power for climb should be the most critical of: (1) that used in the 
performance climb demonstrations; (2) that used in the longitudinal stability tests; 
or (3) that actually used for operational climb speeds. The altitude loss should be 
measured. 

(3) Maneuvering Flight. Malfunctions should also be induced into the 
automatic pilot system similar to paragraph c(l). When corrective action is taken, 
the resultant loads and speeds should not exceed the values contained in paragraph 
c(l). Maneuvering flight tests should include turns with the malfunction 
induced when maximum bank angles for normal operation of the system have been 
established and in the critical aircraft configuration and/or stages of flight 
likely to be encountered when using the automatic pilot. The altitude loss should 
be measured. 

(4) Oscillatory Tests. 

(i) A n investigation should be made to determine the effects of an 
oscillatory signal of sufficient amplitude to saturate the servo amplifier of each 
device that can move a control. The Investigation should cover the range of 
frequencies which can be induced by a malfunction of the automatic pilot system and 
systems functionally connected to it, including an open circuit in a feedback loop. 

(ii) The results of this investigation should show that the peak loads 
imposed on the parts of the aircraft by the application of the oscillatory signal 
are within the limit loads for these parts. 

(iii) The investigation may be accomplished largely through analysis 
with sufficient flight data to verify the analytical studies or largely through 
flight tests with analytical studies extending the flight data to the conditions 
which impose the highest percentage of limit load to the parts. 

(Iv) When flight tests are conducted in which the signal frequency is 
continuously swept through a range, the rate of frequency change should be slow 
enough to permit determining the amplitude of response of any part under steady 
frequency oscillation at any critical frequency within the test range. 

(5) Recovery of Flight Control. Recovery of the rotorcraft should be 
accomplished by the pilot by first overpowering the malfunctioning autopilot and 
then disconnecting it. The control to disconnect the autopilot should be easily 
available to the pilot who is now resisting the malfunctioning force of the 
autopilot. It is recommended that the disconnect button be placed on the cyclic 
control. It should be red and conspicuously marked "Autopilot Disconnect." The 
pilot should be able to return the rotorcraft to its normal flight attitude under 
full manual control without exceeding the loads or speed limits defined In this 
paragraph and without engaging in any dangerous maneuvers during recovery. The 
maximum servo authority used for these tests should not exceed those values shown to 
be within the structural limits for which the rotorcraft was designed. The maximum 
altitude loss experienced during these tests should be measured. 

(6) External Interfaces. The autopilot system should have appropriate 
Interlocks to its engagement to ensure it does not operate improperly as a result of 
Information furnished by an external device or system. A n example of this is 
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possibllty of shorts from loose objects, extensive use of nonconductive materials, 
terminal covers for relays, etc. Periodic inspections are also normally required. 
It is desirable to install junction boxes so loose objects will tend to fall away 
from internal circuitry. Also, careful consideration should be given to 
flammability characteristics when selecting a nonconductive material. 

656.-657. RESERVED. 

658. S 27.1361 fthrough Amendment 27-19) MASTER SWITCH. 

a. Explanation. This paragraph provides for a master switch to allow for a 
quick disconnect of electric power sources. This provision was intended to minimize 
the probability of electrical power providing a n ignition source during a crash. 

b. procedures. 

(1) It has been determined that bypassing the master switch with small 
load circuits may not significantly increase the probability of electrical Ignition 
of fuel. Therefore, it is permissible to allow live circuits as described in 
paragraph (b) of this section. 

(2) The pilot should be able to readily Identify and operate the master 
switch from his normal crew position with seat belt and shoulder harness normally 
adjusted. The master switch and switch positions should be labeled. The labels 
should be readily recognized under all certificated flight conditions. 

(3) Designs that include multiple power sources may include a "master 
switch arrangement" instead of a "master switch." This is done to minimize the 
possibility of a single failure resulting in a total loss of electrical power. 

(4) In addition to carefully evaluating the functional aspects of an 
installation, the malfunction aspects must also be considered as required by 
§ 27.1309. Normally, the installation Is protected against inadvertent actuation of 
the function. 

659. § 27.1365 (through Amendment 27-19) ELECTRIC CABLES. 

a. Explanation . The FAA does not have a wire standard and, in general, 
relies on military specifications. Where a military specification does not exist, 
manufacturers' specifications, along with appropriate qualification test data, have 
been accepted. 

b. Procedures, 

(1) Chapter 11 of Advisory Circular 43,13-lA, "Acceptable Methods, 
Techniques and Practices; Aircraft Inspection and Repair," contains a listing of 
wiring that has been accepted for aircraft installations. 
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(2) In many Instances, references to a basic specification are not 
adequate since several configurations may exist, and reference to a supplemental 
specification sheet will also be necessary. 

(3) Where wire with thin wall insulation (thickness of at least 
10.5 mils.) has been used, some problems can occur if special precautions are not 
taken when the wire is stamped for identification. The areas of concern are 
temperature, pressure, and dwell time of the stamp. 

(4) Some additional types included in Tables A-I and A-II of MIL-W-5088H, 
Appendix A, have also been evaluated and accepted for civil applications. Use of a 
specific type of wiring selected from this listing should be coordinated with FAA 
engineering personnel. 

(5) Wire Insulated with KAPTON® polyimide film manufactured to 
MIL-W-81381A, has been used in aeronautical products with varying degrees of 
success. The U.S. Navy h a d such a b a d service history with KAPTON* insulated 
Interconnect wire in aircraft that in the mid-1980's the Navy no longer allows the 
use of 1&PT0N® insulated wire. Army policy also bans the use of KAPTON® wire in 
their helicopters. Although the FAA has taken no such action, the use of KAPTON® 
insulated wire requires very special handling. The following areas should be 
observed when utilizing KAPTON® Insulated wire: 

(I) The instructions in the KAPTON® wire "Handling Manual" should be 
strictly followed. This manual may be obtained from E. I. D u Pont de Nemours and 
Company,, Polymer Products Department, Industrial Film Division, Wilmington, Delaware 
19898. 

(ii) Use in special wind and moisture problem (SWAMP) areas, such as 
wheel wells, usually requires additional protection for the cable bundles. 

(ill) The wire should not be exposed to a combination of either high 
stress (U.V. or physical) in the presence of water, high humidity, or high PH factor 
liquids. 

(iv) The stiffness and permanent set (memory) of KAPTON® may cause 
chafing In unrestrained bundles or where KAPTON® insulated wire is bundled with 
wires of other insulation types. 

(v) Care should be exercised in the stripping, stamping, and 
terminating of KAPTON® insulated wires. 

NOTE: KAPTON® is a registered trademark of E. I. Du Pont de Nemours and Company. 
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691. S 27.1415 (through Amendment 27-20 DITCHING EQUIPMENT. 

a. Explanation. 

(1) Emergency flotation and signaling equipment is not required for all 
rotorcraft overwater operations. However, if such equipment is required by an 
operating rule (e.g., § 135.167), the equipment supplied for compliance with the 
operating rule must meet the requirements of this section. 

(2) Compliance with the provisions of § 27.801 for rotorcraft ditching 
requires compliance with the safety equipment stowage requirements and ditching 
equipment requirements of §§ 27.1411 and 27.1415, respectively. § 

(1) Emergency flotation and signaling equipment installed to complete 
certification for ditching or required by any operating rule must be compatible with 
the basic rotorcraft configuration presented for ditching certification. It Is 
satisfactory if operating equipment is not incorporated at the time of original type 
certification of the rotorcraft provided suitable information is included in the 
"Limitations" section of the Rotorcraft Flight Manual to identify the extent of 
ditching certification not yet completed. 

(ii) When the ditching equipment required by § 27.1415 is being 
installed by a person other than the applicant who provided the helicopter flotation 
system and ditching emergency exits, special care must be taken to avoid degrading 
the functioning of the aircraft devices and to make the ditching equipment 
compatible with them. (See paragraphs 338a(9) and 689a(2).) 

b. Procedures. 

(1) Liferafts and life preservers used to show compliance with the 
ditching requirements must be of an approved type. Compliance with the requirements 
of TS0-C12 for liferafts and TS0-C13 for life preservers will satisfy FAA 
requirements for approval of this equipment. 

(1) Life preservers. 

(A) Life preservers should comply with the requirements of the 
applicable operating regulations (FAR Parts 91, 135, 121, etc.). For extended 
overwater operations, each life preserver is required by the operating rules to have 
an approved survivor locator light. 

(B) Protective covers for life preservers should be compatible 
with the TSO requirements under which the basic life preserver was approved. 

(ii) Liferafts. 

(A) Liferafts are rated during their approval to the number of 
people that can be carried under normal conditions and the number that can hh 
accommodated in an overload condition. Only the normal rating may be used in 
relationship to the number of occupants permitted to fly in the helicopter. 
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(B) Each liferaft released automatically or by the pilot must be 
attached to the rotorcraft by a line to secure the liferaft close to the rotorcraft 
for occupant egress. The line should be of adequate strength to restrain the 
liferaft under any reasonably probable sea state condition but must be designed to 
release before submerging the empty raft to which it is attached if the rotorcraft 
sinks. 

(iii) Survival Equipment. Approved survival equipment if required by 
any operating rule must be attached to each liferaft. Provisions for the attachment 
and stowage of the appropriate survival equipment should be addressed during the 
ditching equipment segment of the basic ditching certification. 

(2) Emergency signaling equipment required by any operating rule must be 
free from hazard in its operation. Required signaling equipment must be easily 
accessible to the passengers or crew and should be located near an emergency 
ditching exit or included in the survival equipment attached to one of the rafts. 

692. RESERVED. 
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660. S 27.1367 (through Amendment 27-19> SWITCHES. 

Chap 2 
Par 660 
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a. Explanation. Qualification data that are available from the switch 
manufacturer should provide information regarding contact ratings and environmental 
limitations. 

b. Procedures. 

(1) Contact ratings are normally provided by the switch manufacturer. If 
the particular application is not specifically addressed by the switch manufacturer, 
additional information is available in Cnapter 11, Section 2 of Advisory Circular 
43.13-1A, "Acceptable Methods, Techniques and Practices: Aircraft Inspection and 
Repair." 

(2) The rule requires all switches to be accessible, 

(i) For operation by a single pilot with seat belt and shoulder 
harness normally adjusted, the pilot should be able to identify and operate 
essential switches while flying the rotorcraft. Essential system switches should be 
located forward of a vertical plane passing left to right (laterally) through the 
pilot's body. 

(ii) For a crew of two, switches for essential systems can be further 
back and beyond the reach of the pilot if readily identifiable and accessible to the 
other pilot or crewmember. 

(3) This paragraph requires labeling of all switches. Each switch should 
be labeled for the circuit controlled, and each switch position should also be 
labeled. 

661.-667. RESERVED. 
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SECTION 37. LIGHTS 

668. § 27.1381 (through Amendment 27-20) INSTRUMENT LIGHTS. 

a. Explanation. This section provides minimum performance standards for the 
Instrument lighting system. Section 27.1309(b) is used to evaluate the malfunction 
aspects of the system. If appropriate, § 27.1309(a) is used to evaluate the 
equipment under appropriate environmental considerations. 

b. Procedures. 

(1) The overall instrument lighting system should be designed and 
installed such that single failures that occur will not result In the loss of both 
primary and secondary (backup) lighting for any instrument or area of the cockpit. 
In some instances, the system is divided such that the controls for the pilot's 
panel are separate from the copilot's panel and both of these are separate from the 
center panel. The ideal is to divide the system such that the impact of single 
failures will be minimized. 

(2) Secondary (backup) instrument lighting should be provided, and this Is 
accomplished in some instances by eyebrow lights. A system that provides general 
cockpit lighting from a source in the aft area of the cockpit Is normally not 
acceptable since normal positioning and movement of the crew will block this type of 
light. 

(3) The standard does not specify any color requirements for instrument 
lighting. White is normally provided. The color provided should ensure that the 
color coding of the instruments is readily Identifiable. 

(4) The final installed system should be evaluated by a flight test pilot. 
An actual night flight should be conducted for initial certification of an aircraft. 
In some instances the vibration characteristics and other flight-
induced factors have been demonstrated to seriously affect the pilot's ability to 
see in the cockpit environment at night. Evaluations following modifications may be 
conducted with a darkened cockpit on the ground. It should be verified that direct 
rays are shielded from the pilot's eyes, and that objectionable reflections do not 
exist. The pilot should also assume failures of various controls, electrical 
busses, etc., to account for all appropriate failures. 
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669. 6 27.1383 (through Amendment 27-201 LANDING LIGHTS. 

670. S 27.1385 POSITION LIGHT SYSTEM INSTALLATION. Refer to Advisory 
Circular 20-74, "Aircraft Position and Anticollision Light Measurements," 

671. S 27.1387 POSITION LIGHT SYSTEM DIHEDRAL ANGLES. Refer to Advisory 
Circular 20-74. 

672. S 27.1389 POSITION LIGHT DISTRIBUTION AND INTENSITIES. Refer to Advisory 
Circular 20-74. 

673. S 27.1391 MINIMUM INTENSITIES IN THE HORIZONTAL PLANE O F FORWARD AND REAR 
POSITION LIGHTS. Refer to Advisory Circular 20-74. 

674. S 27.1393 MINIMUM INTENSITIES IN ANY VERTICAL PLANE O F FORWARD AND REAR 
POSITION LIGHTS. Refer to Advisory Circular 20-74. 

675. S 27.1395 MAXIMUM INTENSITIES IN OVERLAPPING BEAMS O F FORWARD AND REAR 
POSITION LIGHTS. Refer to Advisory Circular 20-74. 

676. S 27.1397 COLOR SPECIFICATIONS. Refer to Advisory Circular 20-74, 

Chap 2 
Par 669 

1187 

a. Explanation. This section provides minimum performance standards for the 
installation and normal operation of the landing lights. Certification to this 
standard is all that Is required for approval of the helicopter; however, the 
different operating rules should also be reviewed since they may contain additional 
requirements. The malfunction considerations are based on the provisions of 
§ 27.1309(b). 

b. Procedures. 

(1) The performance requirements of this standard are normally evaluated 
by a flight test pilot, and usually are included in the Type Inspection 
Authorization as part of the evaluation to be conducted at night. 

(2) The Installation of the landing light unit(s) should be very carefully 
evaluated. Many of the units provided are stowed until needed and then driven to 
their operating position by an electric motor. If this type of light unit is 
provided, the possibility of its contact with fuel fumes should be considered. 
Installations that have this problem normally require the use of light units 
qualified as explosion proof. The installation should also be reviewed to determine 
if a single failure can cause the light to be on in the stowed position. If the 
light can be on, the potential for overheat or fire in the adjacent area should be 
considered. 



AC 27-1, CHG 2 4/24/89 

677. 8 27.1399 (through Amendment 27-2) RIDING LIGHT. 

1188 
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a. Explanation. The riding light is an amphibious operation requirement. The 
function of this light is to make the rotorcraft visible at night to other vessels 
when the rotorcraft has landed on water. A very important point which should be 
remembered is that when a rotorcraft has landed on the water and is not in flight, 
it is considered a vessel in accordance with the United States Coast Guard (USCG) 
navigation rules (Inland Navigation Rules Act of 1980). If water operations are 
contemplated, one should acquire the USCG Navigation Rules, COMDTINST M16672.2A, 
which are for sale from Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402. 

b. Procedures. A white light should be installed in a position where it will 
show the maximum unbroken light for a horizontal arc of 360° around the rotorcraft. 
If possible, this light should not be obscured by sectors of more than 6°. The 
light should be installed to meet the malfunction requirements of § 27.1309(b). 
(Reference paragraph 621 of this AC.) For the purpose of this light, the following 
definition found In the Inland Navigation Rules, 33 CFR 84.13, Color specification 
of lights, and 33 CFR 84.15, Intensity of lights, applies: 

(1) The chromaticity of white lights shall conform to the following 
standards, which lie within the boundaries of the area of the diagram specified for 
each color by the International Commission on Illumination (CIE), in the "Colors of 
Light Signals," which is incorporated by reference. It is Publication CIE No. 2.2 
(TC-1.6), 1975, and Is available from the Illumination Engineering Society, 345 East 
47th Street, New York, NY 10017. It is also available for inspection at the Office 
of the Federal Register, Room 8401, 1100 L Street NW., Washington, D.C. 20408. 

(2) The boundaries of the area for white are given by indicating the 
corner coordinates, which are as follows: 

x 0.525 0.525 0.452 0.310 0.310 0.443 
y 0.382 0.440 0.440 0.348 0.283 0.382 

and 33 CFR 84.15 defines the required luminosity to be visible on a 
clear night for 2 nautical miles. The minimum luminosity of the light is given by 
the formula: 

1 - 3.43 x 1 0 6 x T x D 2 x K _ D 

where: 1 Is luminous intensity in candelas under service conditions, 
T Is threshold factor 2 x 10" lux, 
D is range of visibility (luminous range) of the light in nautical 

miles, and 
K is atmospheric transmissivity. For prescribed lights the value of K 

shall be 0.8, corresponding to a meteorological visibility of approximately 13 
nautical miles. 
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693. S 27.1419 (through Amendment 27-19> ICE PROTECTION. 

a. Background. 

(1) In March 1984, the FAA for the first time certificated a helicopter 
for flight into known icing conditions. Several other manufacturers are pursuing 
designs for icing flight capability. 

(2) Most helicopter icing technology has been developed for military 
rotorcraft. As of 1990, the only U.S. military helicopter equipped and approved for 
flight into icing conditions Is the UH-60A (Blackhawk). The UH-60A is limited to 
supercooled cloud conditions where liquid water content (LWC) does not exceed 
1.0 gm/ro3 and outside air temperature (OAT) is not below -20° C. 

(3) Many helicopter operators have voiced a high priority on obtaining 
rotorcraft approved for operation in icing conditions. 

(4) The icing characteristics envelope of FAR Part 25, Appendix C, has 
served as a satisfactory design criteria for fixed-wing operations for two decades. 
The envelope, as presented, extends to 22,000 feet with possible extension to 30,000 
feet but does not present icing severity as a function of altitude. At the time the 
envelope was derived, it was assumed that all transport category airplanes would 
operate to at least 22,000 feet. For present state-of-the-art rotorcraft, this 
assumption is not valid. As such, an altitude-limited icing envelope based on the 
same data used to derive the Part 25, Appendix C, and the Part 29, Appendix C, 
envelopes is presented as an alternate to the full-icing envelope. 

b. Explanation. 

(1) General. 

(i) The discussion in this paragraph pertains generally to 
certifications to the full-icing envelope of Part 29, Appendix C, within the 
altitude limitations of the helicopter or to the altitude-limited icing envelope 
based on a 10,000-foot pressure altitude limit. The actual icing envelope 
considered may be further restricted based on the actual pressure altitude envelope 
for which certification is requested. It envisions certification with full ice 
protection systems (rotor blades, windshields, engine inlets, stabilizer surfaces, 
etc.). With the exception of pilot controllable variables such as altitude and 
airspeed, limited certification (either in terms of icing envelope or protection 
capability) is not envisaged at this time due to the difficulty in forecasting the 
severity of icing conditions, relating the effects of the forecasted conditions to 
the type of aircraft, and the effects of reported icing among various types of 
aircraft, particularly between fixed- and rotary-wing aircraft. In addition, with a 
limited protection capability, viable escape options may not be operationally 
available If limitations are exceeded. 
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(ii) The discussion in this paragraph, regarding rotor blade ice 
protection, Is oriented primarily toward electrothermal rotor deicing systems, since 
these have the most widespread acceptance and projected use within the industry. 
Also, most of the testing and research into helicopter ice protection to date has 
been conducted with these types of systems. Research is continuing with other types 
of systems such as anti-icing fluid systems, and information will be added to 
address certification of these as necessary. It should also be noted that most of 
the helicopter icing experience accumulated to date has been on helicopters with 
symmetrical airfoil sections. The application of this experience to helicopters 
with asymmetrical airfoils should be carefully evaluated. Limited experience has 
been gained during development and qualification testing of the Army Blackhawk on 
asymmetrical airfoil icing characteristics. The most prominent difference appears 
to be a more rapid degradation of airfoil performance. Rapidity of performance 
degradation is also dependent upon severity of the icing condition (primarily a 
function of liquid water content) and ice shape (primarily a function of OAT and 
median volumetric droplet diameter (MVD)). 

(iii) The effects of ice can vary considerably from helicopter to 
helicopter. Experience gained for a rotor system with an identical blade profile 
could provide valuable information but should be used cautiously when applied to 
another rotorcraft. Assumptions cannot necessarily be made based on icing test 
results from another helicopter. Particular care should be exercised when drawing 
from fixed-wing icing experience as the widely different and varying conditions seen 
by the rotor blades make many comparisons with fixed-wing results invalid. 
Likewise, icing effects on rotor blades vary significantly from those on other parts 
of the helicopter. This is due to changing blade velocity as compared with the 
constant velocity of the remaining parts. 

(2) Reference Material. Prior to commencement of efforts to design and 
certify a helicopter, the references listed in paragraph d should be reviewed. FAA 
Technical Report ADS-4, Engineering Summary of Airframe Icing Technical Data, 
December 1963, although somewhat dated, is recommended for basic aircraft icing 
protection system design information. 

(3) Objective. The objective of icing certification is to verify that 
throughout the approved envelope, the helicopter can operate safely in icing 
conditions expected to be encountered in service (i.e., Appendix C of Part 29 or the 
altitude-limited icing envelope presented herein). This will entail determining 
that no Icing limitations exist or defining what the limitations are, as well as 
establishing the adequacy of the ice warning means (or system) and the ice 
protection system. A limiting condition may manifest itself in one of several areas 
such as handling qualities, performance, autorotation, asymmetric shedding from the 
rotors, visibility through the windshield, etc. Prior to flight tests in icing 
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conditions, sufficient analyses should have been conducted to determine the design 
points for the particular item of the helicopter being analyzed (windshield, engine 
inlet, rotor blades, etc.). After the analyses are reviewed and found adequate, 
tests should be conducted to confirm that the analyses are valid and that the 
helicopter can operate safely in any supercooled cloud icing condition defined by 
Part 29, Appendix C, or the altitude-limited icing envelope. Sufficient flight 
tests should be conducted to assure adequate ice protection exists for the requested 
certification. References d(l) and (3) may be useful in determining the design 
points and extrapolation of test data to the desired design points. 

(4) Planning. For best utilization of both the applicant's and the FAA's 
resources, the applicant should submit a certification plan at the start of the 
design and development effort. The certification plan should describe all efforts 
intended to lead to certification and should include the following basic 
information: 

(i) Rotorcraft and systems description, 

(ii) Ice protection systems description, 

(iii) Certification checklist. 

(Iv) Description of analyses or tests planned to demonstrate 
compliance. 

(v) Projected schedules of design, analyses, testing, and reporting 
efforts. 

(vi) Methods of test - artificial v s . natural, 

(vii) Methods of control of variables, 

(vlii) Data acquisition instrumentation. 

(ix) Data reduction procedures. 

(5) Environment. 

(i) Definitions. 

(A) Supercooled Clouds. Clouds containing water droplets (below 
32° F) that have remained in the liquid state. Supercooled water droplets will 
freeze upon impact with another object. Water droplets have been observed in the 
liquid state at ambient temperatures as low as -60° F. The rate of ice accretion on 
an aircraft component is dependent upon many factors such as droplet size, cloud 
liquid water content, ambient temperature, and aircraft component size, shape, and 
velocity. * 
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(B) Ice Crystal Clouds. Glaciated clouds existing usually at 
very cold temperatures where moisture has frozen to the solid or crystal state. 

(C) Mixed Conditions. Partially glaciated clouds at ambient 
temperatures below 32° F containing a mixture of ice crystals and supercooled water 
droplets. 

(D) Freezing Rain and Freezing Drizzle. Precipitation existing 
within clouds or below clouds at ambient temperatures below 32° F where rain 
droplets remain in the supercooled liquid state. 

(E) Sleet. Precipitation of transparent or translucent pellets 
of ice which have a diameter of 5mm or less. 

(F) Hail. Solid precipitation in the form of balls or pieces of 
ice (hail stones) with diameters ranging from 5mm to more than 50mm. 

(ii) Appendix C of Part 29 defines the supercooled cloud environment 
necessary for certification of helicopters in icing except that the pressure 
altitude limitation is that of the helicopter or that selected by the applicant, 
provided the remaining altitude envelope is operationally practical. Due to air 
traffic system compatibility constraints, approval of a maximum altitude less than 
10,000 feet pressure altitude should be discouraged. However, there are operations 
where a lower maximum altitude has no effect on the air traffic system and would 
still be operationally useful. Figures 3 and 6 of Appendix C, Part 29, relate the 
variation of average LWC as a function of cloud horizontal extent. These 
relationships should be used for design assessment of the most critical combinations 
of conditions as a function of en route distance. This, in combination with a 
capability to hold in icing conditions for 30 minutes at the destination, is 
commensurate with policies previously established for fixed-wing aircraft. 
Figures 3 and 6 should be used in conjunction with the altitude-limited criteria of 
figures 693-1 through - h herein. It is emphasized that LWC extremes expressed in 
Part 29 Appendix C, criteria represent the maximum average values to be anticipated 
within an exceedance probability of 99.9 percent. Transient, instantaneous peak 
values of much higher LWC have been observed. These instantaneous peak values 
appear to be of little significance to the design of protected and unprotected 
surfaces; however, these high values, if encountered, may induce shedding of ice 
from some unprotected surfaces. This is due to radical changes in the rate of 
release of latent heat and resultant changes in the structural properties and 
adhesion force of ice. 
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(ill) A n analysis performed at the FAA Technical Center in 1985 
concludes that the aircraft icing environment below 10,000 feet is not as severe In 
terms of LWC and OAT as that depicted in the Part 29, Appendix C, envelope. This AC 
presents the altitude-limited envelope that may be employed by those applicants who 
elect to certify with a 10,000-foot pressure altitude limit. The altitude-limited 
envelope is based upon the same data that were used to derive the design criteria of 
Part 29, Appendix C (figs. 693-1 through -4). The data used to derive these limited 
envelopes cannot be used to further define icing conditions between 10,000 feet and 
22,000 feet; hence, above 10,000 feet, the Part 29, Appendix C, envelopes should be 
used. It should be noted that the engine inlets should still meet the icing 
requirements of § 27.1093. The limited icing envelopes may be used on an equivalent 
safety basis to show compliance with the intent of § 27.1093 if the altitude limit 
established for the helicopter is not greater than 10,000 feet, 

(iv) Significantly different effects can result from various 
combinations of parameters. For example, most rapid ice accumulations occur at the 
high values of liquid water content, although the greatest Impingement area occurs 
at the high values of droplet size. Most critical ice shapes are a function of each 
of these parameters in addition to airspeed, surface temperature, and surface 
contour. Care should be taken to explore the entire specified ranges of these 
parameters during the design, development, and certification efforts, 

(v) Mixed conditions (i.e., a combination of ice crystals and 
supercooled water droplets) and freezing rain or freezing drizzle are not addressed 
in the Part 29 environmental criteria but can present more severe Icing conditions 
than those defined. Although the probability of encountering freezing rain is 
relatively low, mixed conditions commonly occur in supercooled cloud 
formations. Little data have been gathered on the effects of encountering mixed 
conditions (see paragraph 693d(6). There are no criteria for certification in mixed 
conditions or freezing rain at present and therefore any icing certification is only 
valid for supercooled droplets. The RFM should alert the crew to the capabilities 
of the aircraft when operating in icing conditions. Avoidance procedures 
(e.g., climb or descent) may also be useful. 

(6) Flight Test Prerequisites. 

(i) The prototype rotorcraft should be certified (or in the process 
of being certified) for IFR flight. 

(ii) Sufficient analyses should be developed, submitted, and accepted 
by the FAA to show that the helicopter is capable of safely operating to the 
selected design points of both the continuous maximum and intermittent maximum 
conditions of Part 29, Appendix C, or the altitude-limited icing envelope. A 
detailed failure modes and effects analysis (FMEA) of the ice protection system 
should be performed. * 
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(ill) Specific attention should be given to (1) assuring that the 
selected design condltion(s) of atmospheric and helicopter flight envelopes have 
been identified; (2) qualification and design of ice protection systems and 
components; and (3) component installation and ice formation effects upon basic 
helicopter structural properties and handling qualities. These assurances can be 
established from analyses, bench tests, and/or dry air flight tests or simulated 
icing tests, as appropriate, prior to flight tests in natural icing. 

(iv) The applicant should assess rotor blade stability with ice 
deposits to assure that dynamic instability will not occur in Icing conditions. 
This assessment may be accomplished by analysis Including consideration of failure 
of the most critical segment of the rotor blade ice protection system. It also may 
be accomplished by experimental means such as attaching dummy ice shapes to the 
blades and using a whirl stand or wind tunnel, 

c. Procedures. 

(1) Compliance. 

(i) In general, compliance can be established when there is 
reasonable assurance that while operating In the specified icing environment (1) the 
engine(s) will not flameout or experience significant power losses or damage; 
(2) stress levels are not reached with ice accumulations that can endanger the 
helicopter or cause serious reductions in component life; (3) the handling 
qualities, performance, visibility, and systems operation are defined and are not 
deteriorated unacceptably; (4) inlet, vent, or drain blockage (such as fuel vent, 
engine, or transmission cooler) is not excessive; and (5) autorotation 
characteristics are acceptable with maximum ice accretion between deice cycles. 
Assessment of performance loss should include not only the drag and weight of the 
ice itself but electrical or other load demands of the ice protection system and any 
performance changes resulting from modified rotor blade contours. 

(ii) It Is emphasized that ice formations (shape, weight, etc.) vary 
significantly under varying conditions of OAT, LWC, MVD, airspeed, attitude, and 
rotor r.p.m. The most critical conditions should be defined by means of analyses or 
test and verified by test. Performance changes under these various conditions 
should be determined and found acceptable. 

(iii) Laboratory, icing tunnel, ground spray rig, and airborne icing 
tanker tests are all very useful in developing an ice protection capability, but 
none of these, either individually or collectively, can satisfy the full 
requirements for certification. None can presently duplicate the combinations of 
liquid water content, droplet size, flow field, and random shedding patterns found 
in natural icing conditions. Airborne tankers hold considerable promise of being 
able to fulfill certification requirements (in addition to the advantage of being 
able to produce an icing environment on demand rather than having to wait for it to 
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occur In nature), but tankers have not been able to generate droplet sizes that 
cover the complete envelope for certification. Many improvements have been made in 
some tankers in recent years; however, large droplet sizes have typically been a 
problem. Also, the size of existing tanker clouds is not of sufficient cross 
section to immerse the entire helicopter. There are also solar radiation and 
relative humidity effects to be considered and correlated with natural icing when 
using a tanker. The tanker should be able to immerse the entire rotor system as a 
minimum and should have a means of controlling and changing the cloud 
characteristics uniformly and repetitively. Until an artificial method has been 
successfully demonstrated and accepted, icing certification must Include flight 
tests in natural icing conditions. 

(iv) Flight testing in natural icing conditions also has limitations. 
Reference 693d(16) contains information that may be useful in planning natural icing 
flight tests. The key limitation of natural icing flight tests is being able to 
find the combinations of conditions that comprise critical design points. This is 
especially true of those points falling near the 99.9 percentile of exceedance 
probability; e.g., high LWC at low OAT with large MVD. It is emphasized that some 
more severe design points, however, may exist within the atmospheric icing envelope 
rather than near the edges or corners of the envelope. This does not mean that 
natural Icing tests must be conducted at all the selected design conditions. 
Natural icing tests should be conducted in conditions as close to design points as 
possible and sufficient correlation shown with the analyses to assure that the 
helicopter can operate safely throughout the design envelope. 

(v) Certification flight testing should be extensive enough 
to provide reasonable assurance that either induced or random ice shedding does not 
present a problem. The most likely indication of a problem if it exists will be ice 
impact on the airframe or rotor imbalance resulting in vibration. The following 
should be considered sufficient for rejection; 

(A) Vibrations sufficient to make the instruments difficult to 
read accurately. 

(B) Vibrations sufficient to exceed the structural or fatigue 
limits of any rotorcraft part such as blade, mast, or transmission components. 

(C) Ice impact damage to essential parts, such as the tail 
rotor, that could create a flight hazard. Cosmetic, nonstructure flaws that do not 
exceed wear and tear characteristics or maintenance criteria are acceptable. Any 
ice shedding effects that require immediate maintenance action are unacceptable. ' 
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(vl) There should be a means identified or provided for determining 
the formation of ice on critical parts of the helicopter which can be met by a 
reliable and safe natural warning or an ice detection system, A system utilizing 
OAT should include an accurate OAT measurement since the onset of icing can occur in 
a very narrow temperature band requiring sensitive and accurate OAT measurement. 
OAT accuracy should be relative to the true temperature of the air mass. Total 
system accuracy should be +0.5° C In the -5.0' to +5.0° C range and +1° C throughout 
the remaining temperature range. The location of the sensor has been shown to be 
very critical and, in effect, there can be a position error or other errors induced 
by ice formations or solar radiation. If the system measures liquid water content, 
consideration should be given to the fact that the actual LWC fluctuates 
considerably as the helicopter passes through an icing environment. A warning 
system displaying or utilizing a peak or average LWC value (rather than an 
instantaneous readout) should include sufficient conservatism to provide a margin of 
safety. The value of an LWC detecting system lies in its utility as a warning that 
ice is being encountered. The actual magnitude of LWC in combination with OAT and 
MVD can be used to indicate the icing severity level. The U.S. Army is developing 
an advanced ice detection system (1990) for potential application to helicopters. 

(2) Instrumentation ..and.pat-a Collection. 

(i) Instrumentation proposed for certification tests, including 
flight strain surveys, should be reviewed as early as possible in the program to 
establish that it will provide the necessary data. The need for accurate OAT 
measurement previously noted for operation in Icing also applies to the certificated 
configuration. Mechanical devices such as the rotating multicylinder and rotating 
disc have been used for measuring the ice accretion rate which is related by 
calibration to average LWC and MVD. More recently, hybrid mechanical/electronic LWC 
measuring devices have been used. Devices that rely o n ice accretion as a signal 
source are subject to the Ludlam limit (the limits whereby latent heat of fusion is 
not totally absorbed, thus resulting in incomplete freezing of the moisture and some 
inaccuracy in the indication). The Ludlam limit is a function of various parameters 
including OAT, airspeed, LWC, and MVD. The Ludlam limit may vary from one device to 
another. (See references 693d(8) and 693d(9)(I) for further information). Gelatin 
slides, soot and oil slides, and more recently, laser nephelometers have been used 
to measure droplet size. Other calibrated devices Intended for measurement of LWC 
should be used. Paragraph 693d(16) describes several of these devices. 
Photographic coverage of critical areas may be necessary to ascertain that ice 
protection systems are functioning properly and that there are no runback problems. 
(The term "runback" refers to liquid water that has not been evaporated by surface 
deice equipment and flows back to an unheated area subject to freezing.) Reference 
693d(19) highlights use of video techniques and equipment for this purpose. Some 
systems will require acceptable calibration techniques and data. 
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(ix) The subject of lightning should be addressed. The criteria 
applied on helicopters with ice protection systems are that "the rotorcraft should 
be protected in such a manner to minimize lightning risk." The general rules of 
§ 27.1309(a), (b), and (c) are applicable to ensure adequate lightning protection. 
(Amendment 27-21, November 6, 1984, added lightning protection requirements in 
§ 27.610.) 

(x) Ice protection of pitot-static sources, windshields, inlets, 
exposed control linkages, etc., should be considered. 

(xi) The Impact of ice protection system failure, complete and 
partial, and achieving adequate warning thereof should be assessed. 

(xii) The impact of delayed application of ice protection systems 
should be assessed. Hazardous conditions should not be apparent. Any rotorcraft 
characteristic changes resulting should be covered in cautionary material in the 
rotorcraft flight manual. 

(xlli) Possible droop stop malfunction with ice accumulation and its 
potential hazard to the rotorcraft, its occupants, and ground personnel should be 
assessed. 

(xiv) Possible ice shedding hazards to ground personnel or equipment in 
proximity to turning rotors following flight in icing conditions should be given 
consideration. 

(4) Flight Manual. Areas of the flight manual which may require input 
are: 

(I) Operating limitations including approved types of operation and 
prohibiting operation In freezing rain or freezing drizzle conditions. Avoidance 
procedures may also be useful. 

(Ii) Normal Operating Procedures. Information on the Ice detection 
means or system and ice protection system and their capabilities. 

(iii) Emergency Operating Procedures. Operating procedures containing 
essential Information particularly with system failure. 

(iv) Caution Notes. These caution notes should advise or address: 

(A) Against inducing asymmetric shedding with rapid control 
inputs or rotor speed changes, except possibly as a last resort. Rotor speed 
changes appear to be more effective than control inputs in removing Ice from the 
rotor blades of some rotorcraft. 

(B) Loss in range, climb rate, and hover capability following 
prolonged operation in icing. 
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Par 693 

1225 



AC 27-1, CHG 3 9/12/91 

(C) The need for clean blade surfaces and use of approved 
cleaning solvents or ground deicing/anti-icing agents prior to start of rotors 
turning. 

(D) Changes in autorotational characteristics resulting from Ice 
formations. 

(E) Although the rotorcraft has been certificated for flight in 
supercooled clouds and falling and blowing snow, flight In other conditions such as 
freezing rain, freezing drizzle, sleet, hail, and combinations of these conditions 
with supercooled clouds must be avoided. 

(F) The potential hazards to ground personnel, passengers 
deplaning, and equipment In proximity to turning rotors following flight in icing 
conditions. 

d. Icing References. 

(1) FAA Technical Report ADS-4, Engineering Summary of Airframe Icing 
Technical Data, December 1963. 

(2) Advisory Circular 20-73, Aircraft Ice Protection, 21 April 71. 

(3) Advisory Circular 91-51, Airplane Deice and Anti-ice Systems, 9/15/77. 

(4) FAA Report RD-77-76, Engineering Summary of Powerplant Icing Technical 
Data, July 1977. 

(5) United States Army Aviation Engineering Flight Activity Reports: 

(i) Natural Icing Tests, UH-1H Helicopter, Final Report, June 1974, 
USAASTA Project No. 74-31. 

(ii) Artificial Icing Tests, UH-1H Helicopter, Part 1, Final Report, 
January 1974, USAASTA Project No. 73-04-4. 

(iii) Artificial Icing Tests, UH-1H Helicopter, Part II, Heated Glass 
Windshield, Final Report, USAASTA Project No. 73-04-4. 

(iv) Artificial Icing Tests, Lockheed Advanced Ice Protection System 
Installed on a UH-1H Helicopter, Final Report, June 1975, USAAEFA Project No. 74-13. 

(v) Artificial and Natural Icing Tests for Qualification of the 
UH-1H, Kit A Aircraft, Letter Report, USAAEFA Project No. 78-21-1. 

(vi) Microphysical Properties of Artificial and Natural Clouds and 
Their Effects on UH-1H Helicopter Icing, Report USAAEFA Project No. 78-21-2. 
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4000 6000 
PRESSURE ALTITUDE - FT 

8000 10,000 

FIGURE 693-1. CONTINUOUS ICING-TEMPERATURE VS ALTITUDE LIMITS 
Figures 693-1 through 4 represent the approach to a 10,000-foot altitude limit. 

See paragraph b(5)(iii) for a discussion on this approach. 
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FIGURE 693-2. INTERMITTENT ICING-TEMPERATURE VS ALTITUDE LIMITS 

Figures 693-1 through 4 represent the approach to a 10,000-foot altitude limit. 
See paragraph b(5)(ili) for a discussion on this approach. 
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MEAN EFFECTIVE DROP DIAMETER - MICRONS 

FIGURE 693-3. CONTINUOUS ICING-LIQUID 
WATER CONTENT VS. DROP DIAMETER 

Figures 693-1 through 4 represent one approach to a 10,000-foot altitude limit. 
See paragraph b(5)(iil) for a discussion of this approach. 
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FIGURE 693-4. INTERMITTENT ICING-LIQUID WATER CONTENT VS DROP DIAMETER 

Figures 693-1 through 4 represent one approach to a 10,000-foot altitude limit. 
See paragraph b(5)(iii) for a discussion of this approach. 

694.-701. RESERVED. 
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SECTION 39. MISCELLANEOUS EQUIPMENT 

Chap 2 
Par 702 1243 

702.-703. RESERVED. 

704. S 27.1435 HYDRAULIC SYSTEMS. 

a. References. The following sections of Part 27 are either incorporated in 
the provisions of § 27.1435 or are otherwise applicable to hydraulic system design: 
§§ 27.695, 27.861, 27.863, 27.1183, 27.1185, 27.1189, 27.1309, and 27.1322. 

b. System Design. It is assumed that the hydraulic system will be utilized to 
operate utility systems and the primary control system of the rotorcraft. 

(1) Section 27.1309(a) and (b) provides for functioning reliably under any 
foreseeable operating condition and prevention of hazards after any malfunction or 
failure. 

(2) The substantiating data should include a failure analysis that 
considers every possible system component failure, such as (but not limited to) 
ruptured lines, pump failure, regulator failure, ruptured seals, clogged filters, 
broken pilot valve connections, and so forth. Also, consideration of the specific 
requirements of § 27.1435 should be included. 

(3) If the helicopter cannot be safely operated without the hydraulic 
system, the requirements of § 27.1309(a) and (b) are met by dual independent 
hydraulic systems. From the reservoir, hydraulic pump, regulator, connecting 
tubing, and hoses through the actuators, there must be no commonality In the 
fluid-containing components. A break in one system should not result In fluid loss 
in the remaining systems. The pumps should be separated as far as practicable; 
i.e., on opposite sides of the rotor drive transmission, on separate engines, or one 
pump on an engine and the other on the rotor drive transmission. The tubing and 
hoses should also be routed with as much physical separation as practicable. The 
purpose of this separation is to prevent total loss of the hydraulic systems in the 
event of a malfunction such as fire or rotor burst wherein one projectile could 
disable both systems. 

(4) Dual actuators must be designed to ensure that any single failure, 
such as a cracked housing, broken interconnecting input, or output link, does not 
result in loss of total hydraulic system function. 

(5) If installed, the pressure-indicating system is normally included as a 
dial, vertical scale, or digital Indicator. The indicator should enable the crew to 
detect pressure trends. Paragraph 633 of this AC concerns § 29.1322 regarding 
proper colors for annunciators if used to supplement the indicating system. 

(6) A combination of analysis and tests should be included in the 
substantiating data file to show compliance with the provisions of § 27.1435. 

(7) Extra caution should be exercised to ensure that control input forces 
at the mechanical connection to the actuator pilot valves do not exceed their 
intended value. Consideration should be given to the most adverse tolerance buildup 
in parts fabrication and control system rigging. 
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(8) The substantiating data should show that the hydraulic components will 
perform their intended function reliably under the most adverse continuous and 
short-time environmental conditions to which they are exposed. These variables 
include but are not limited to temperature, humidity, vibration, altitude, and 
shock. Paragraph 621b(2)(i) of this AC contains a method of temperature correction 
to cover the entire operating temperature envelope being certified. 

(9) The system component strength must be sufficient for its material 
fatigue life to exceed the number of cycles imposed by pump ripple pressure. 

c. Installation Precautions and Fire Protection. 

(1) All components and tubing routed through fire zones may be designed to 
comply with the fire protection requirements of §§ 29.1183, 29.1185, and 29.1189. 
As an alternative, a fireproof shield may be used around the component to be 
protected. The component should be sufficiently protected to assure fluid leakage 
will not occur and fuel the fire. 

(2) All hydraulic lines should be sufficiently isolated from the engine, 
bleed air lines, environmental control unit, oil cooler, or other heat source to 
ensure expected line life. 

(3) If flammable hydraulic fluid is used, the hydraulic components should 
be isolated from ignition sources to ensure that failure of any of the hydraulic 
components will not result in a fire or explosion. In the case of electrical 
ignition sources in the proximity of hydraulic components, the electrical equipment 
should be hermetically sealed or otherwise substantiated as not being an ignition 
source. (Reference paragraph 621b(l)(i) of this AC.) 

(4) The installation detail should be thoroughly reviewed for adequacy of 
line clamping.and clearance from sharp edges. As much physical separation as 
possible should be provided between hydraulic lines and electrical cables. 

(5) While the control system is being moved from stop to stop, observation 
should be made to determine that hose flexing and tube bending Is minimized. 

d. Testing. 

(1) Individual components should be substantiated by either a vendor's or 
a primary manufacturer's laboratory test reports. These tests should establish 
performance ratings such as pressures, flow rates, environmental capability, etc., 
to be approved. 

(2) After the total system is installed, ground tests should be conducted 
to ensure the system performs as intended and that each component is functioning 
within its design rating. System testing should consider the provisions of 
§ 27.1435(b). 

1244 
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(3) If the total system design permits each combined independent power 
source and actuator to be disabled by shutoff valves, engine shutdown, etc., each 
combination should be disabled and the remaining combination verified to perform the 
necessary control functions. The test should be accomplished again with the 
functioning combination disabled and the disabled combination functioning. These 
tests should be accomplished first by ground tests, then repeated in flight. 

(4) Temperature and pressure instrumentation should be provided at the 
critical points in the system. Temperature results should be corrected for hot day 
conditions. (Paragraph 621b(2)(i) of this AC gives a recommended procedure.) 

(5) All controls should be cycled throughout their complete range of 
travel while accomplishing the provisions of paragraph d(2) above. 

(6) Satisfactory hydraulic system performance should be verified while the 
pump drive sources (rotor, engine, etc.) are individually varied throughout their 
approved operating range. 

(7) Flight tests should be conducted throughout all altitudes, maneuvers, 
and control ranges while the system is instrumented as in paragraphs d(2) and (4) 
above to determine that component ratings are not exceeded. 

705. RESERVED. 
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706. S 27.1457 (through Amendment 27-22") COCKPIT VOICE RECORDER. 

a. Explanation. The function of the cockpit voice recorder (CVR) is to 
provide a record of the crew communications preceding and during rotorcraft 
accidents. Over the last several years, the National Transportation Safety Board 
(NTSB) has determined that CVR's are invaluable in determining probable cause of an 
accident. Because of this fact and mandates of Congress, the use of CVR's is 
required by the operating rules on many rotorcraft Involved in passenger-carrying 
operations. 

b. Procedures. The following areas are of particular consideration in the 
approval of a CVR installation: 

(1) Equipment Qualifications. The CVR should be approved. The most 
common way of obtaining an approval is to qualify the CVR (and associated control 
panel, if appropriate) to TSO C84 or C123. 

(2) Cockpit Area Microphone (CAM') . The third channel of recorded 
information is specified to be from a cockpit area microphone or from voice 
activated lip microphones at the first and second pilot stations. It should be 
noted that a continuously recording or "hot" microphone at both the first and second 
pilot stations would satisfy this CAM requirement. Due to the ambient noise level 
in rotorcraft, the use of "hot" microphone results in objectionable constant hissing 
in the pilot's headsets. Therefore, it is recommended that "hot" microphones not be 
used on rotorcraft. 

(3) CVR Mechanical Installation. The CVR or the portion thereof which 
contains the recording should be physically located to enhance the probability of 
the recording surviving a crash. Normally, such a location would be in the lower 
portion of the rotorcraft as far aft as possible. 

(4) Intelligibility of Recordings. Tests should be accomplished to 
determine that the recording is intelligible enough to make a positive 
identification of the speaker and the words or phrases spoken. This is usually 
accomplished by flight operations to produce the maximum cockpit background noise. 
The operation should provide for the normal speech of all crew members to be 
recorded on the pertinent channels. Then, during playback, preferably using a 
different listener, the listener should be able to identify the different crew 
members, the words and phrases spoken by the crew, and the radio communications made 
by and to the crew. The use of special filters and multiple playbacks to improve 
intelligibility is acceptable. 

(5) Electrical Power Supply. The rule requires that the CVR should be 
supplied with power from the most reliable source which does not jeopardize 
essential or emergency loads. Since the functioning of the CVR is required by 
operating rules for some operations, it should be given priority over other 
nonessential loads. 

(6) S e l f-Test Function. The CVR should be provided with a means in the 
cockpit which will allow a test to ensure the CVR is functioning properly. This may 
be accomplished by a manual playback feature. 
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(7) Bulk erasure. If this function is provided, the installation should 
be as follows: 
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(1) Any probable malfunction will not cause erasure of the recording 

707. 6 27.1459 (through Amendment 27-22) FLIGHT RECORDERS. 

a. Explanation. The function of the flight recorder, sometimes referred to as 
a flight data recorder, is to provide a record of various aircraft and air data 
parameters during the operation of the helicopter. This data is utilized by 
accident investigators to aid in determination of the probable cause of an accident. 
The problems associated with acquisition of this data in aircraft not equipped with 
flight recorders has been complicated by the use of advanced instrument systems such 
as EFIS, FADEC, EICAS, and IDS. The very nature of the operation of these systems 
precludes the deduction of post accident data, as was possible with mechanical and 
electromechanical instruments, annunciators, hydromechanical engine controls, and 
switches. The National Transportation Safety Board (NTSB) therefore made a 
recommendation to the FAA that aircraft should be required to have flight recorders. 
Subsequently Congress mandated that flight recorders be required on many rotorcraft 
involved in passenger-carrying operations in accordance with FAR 91 and FAR 135. 

b. Procedures. The following areas are of particular consideration In the 
approval of a flight data recorder installation. 

(1) Equipment Qualification. The recommended procedure to obtain an 
approval for the flight recorder (and associated control panel, if appropriate) is 
to qualify the flight recorder to TSO C-124. The required underwater locating 
device should be qualified to the provisions of TSO C-121. 

(2) Recorded Parameters and Accuracy. 

(i) Airspeed. The installed flight recorder should record the 
airspeed with an accuracy of 3 percent or 5 knots (whichever is greater) from a 
speed of 20 knots to a speed of 80 percent more than V Y . 

(ii) Flight Recorder. The flight recorder should be capable of 
recording the pressure altitude of the helicopter with a range of -1,000 feet to the 
maximum certified altitude. The error of this recording at sea level should not 
exceed + 50 feet. 

(iii) Direction. The flight recorder should be capable of recording 
the magnetic heading of the helicopter within at least 10 degrees for any heading. 
Larger deviations caused by the temporary operation of high current electrical 
devices such as heated windshields are acceptable. 

(Iv) Vertical Acceleration. The flight recorder should be capable of 
recording the normal acceleration of the center of gravity of the helicopter. The 
recommended range of this recording is an envelope of -3 to +6 G with an accuracy of 
at least + 0.2 G. 
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medium. 

(ii) The crash impact forces will not cause activation of the bulk 
erasure function. 

(iii) Inadvertent actuation of the bulk erasure function Is minimized. 
Usually, this is accomplished by requiring two separate actions to operate the bulk 
erasure. 
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(v) Time Correlation. The flight recorder should provide a time 
scaled correlation between the data recorded and the time at which this information 
was presented to the first pilot via the required flight instruments. This 
correlation should normally be established before flight, and should have an 
accuracy rate that does not diverge by more than 4 minutes and 4 seconds in eight 
hours, 

(vi) Caveat. It should be noted that even though the requirements 
outlined above provide for compliance with the specific provisions of § 27.1459 
regarding the acquired data and its accuracy, a flight recorder certified to these 
minimum standards will not meet the requirements of Appendix F of FAR 91 or 
Appendix C of FAR 135. If the flight recorder is to be used to comply with these 
operating rules, it is recommended that the appropriate appendix be consulted prior 
to requesting certification. The approved configuration may then be certified as 
meeting the requirements of the appropriate appendix. 

(3) Flight Recorder Mechanical Installation. The non-ejectable flight 
recorder or the portion thereof which contains the recorded data should be 
physically located to enhance the probability of the recording surviving a crash. 
Normally, such a location would be in the lower portion of the rotorcraft as far aft 
as possible. However, other locations in the helicopter may be suitable to meet the 
requirement to "minimize the probability of container rupture resulting from crash 
impact and subsequent damage to the record from fire." The normal accelerometer 
should be located within the most restrictive center of gravity of the helicopter. 
The required underwater locator is usually mounted to the case of the flight 
recorder. 

(4) Electrical Power Supply. The rule requires that the flight recorder 
should be supplied with power from the most reliable source which does not 
jeopardize essential or emergency loads. Since the functioning of the flight 
recorder is required by operating rules for some operations, it should be given 
priority over other nonessential loads. 

(5) Self-Test Function. The flight recorder should be provided with a 
preflight test which will provide confirmation that the recorder and its recording 
medium are functioning properly. 

(6) pata Erasure Feature. If this function is provided and the flight 
recorder is not powered solely by an engine or transmission driven generator, the 
installation should provide the following features: 

(i) Any probable malfunction will not cause erasure of the recording 
medium. 

(ii) The crash impact forces will not cause activation of the data 
erasure function. 

(iii) Inadvertent actuation of the data erasure function is minimized. 
Usually, this is accomplished by requiring two separate actions to operate the data 
erasure. 
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708. S 27.1461 (through Amendment 27-2) EQUIPMENT CONTAINING HIGH ENERGY ROTORS. 

Chap 2 
Par 708 

1249 

a. Explanation. This section contains requirements for the installation of 
equipment containing high energy rotors. A high energy rotor is any rotor which has 
sufficient kinetic energy to cause damage to surrounding structure, wiring, and 
equipment If a failure occurs. Turboshaft engine and APU rotors are not covered by 
this paragraph. One of the following requirements of § 27.1461 must be met. 

(1) Paragraph (b) deals with damage tolerance, containment, and control 

devices. 

(2) Paragraph (c) deals with containment and inoperative speed controls. 

(3) Paragraph (d) deals primarily with equipment location. 

b. Procedures. 
(1) Compliance with § 27.1461(b) can be shown by a combination of analysis 

and test. A failure modes and effects and a stress analysis, together with a 
dynamic test, could be used to verify that the rotor would withstand the damage from 
environmental effects, and that the rotor case would contain any parts that may 
separate from the rotorshaft. The analysis and test should include a demonstration 
of the control device's ability to prevent limitations from being exceeded. 

(2) If compliance with the requirements of § 27.1461(c) is chosen, a test 
must be conducted which demonstrates that all parts from any type failure of a high 
energy rotor will be contained when that rotor is operating at the highest speed 
obtainable, with all speed control devices inoperative. This containment should not 
damage any components, systems, or surrounding structures that are essential for 
continued safe flight. 

(3) If compliance with § 27.1461(d) is chosen, the location of the high 
energy rotor must be in an area where uncontained failed parts will not damage other 
components, systems, or surrounding structure which are essential for continued safe 
flight. It must also be shown that there is no possibility for failed, uncontained 
parts to enter the cabin area and endanger any occupant. 
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SECTION 40. OPERATING LIMITATIONS 

Chap 2 
Par 718 1255 

718. S 27.1501 Cthrough Amendment 27-14) GENERAL. 

Explanation. This section simply requires specified operating limitations in 
addition to any other Information necessary for the safe operation of the rotorcraft 
to be determined. Secondly, it requires that this pertinent information be made 
readily available to the crew members as required in the various sections of this 
subpart. A 

719. g 27,1503 (through Amendment 27-21) AIRSPEED LIMITATIONS: GENERAL. 

a. Explanation. This section requires that a safe operating speed range be 
established for all rotorcraft. If the safe operating speed range varies with 
operating conditions (rotor speed, power, etc.), ambient conditions (altitude and/or 
temperature), rotorcraft configuration (gross weight, center of gravity, and/or 
external equipment), or type of operation (in ground effect (IGE), instrument flight 
rules (IFR), etc.), airspeed limitations that correspond with the most critical 
combinations of these factors must be established. 

b. Procedures. 

(1) Airspeed Limitations. The airspeed limitations for each critical 
combination of factors are established by tests or analyses and verified by flight 
test. The following are airspeed limitations that are typically required depending 
on the particular rotorcraft design: 

(i) V N E (Power On). See paragraph 720. 

(ii) V N E (One Engine Inoperative (OEI)). See paragraph 720. 

(iii) V N E (Power Off). See paragraph 720. 

(iv) V (Maximum Airspeed for Landing Gear Operation). Compliance 
with structural, handling qualities, and controllability requirements should be 
demonstrated at the airspeed limit. 

(v) V̂jj (Maximum Airspeed Landing Gear Extended). If this airspeed 
limit differs from the maximum gear operation speed, compliance with the applicable 
structural, handling qualities, and controllability requirements should be 
demonstrated. 

(vi) Low Speed Flight Limitation. It is permissible for the 
applicant to establish minimum airspeed operating limitations as a function of 
weight, altitude, and temperature as long as there is still a practical flight 
envelope. 

(vii) v«tNt (Minimum IFR Speed). The minimum speed for which 
compliance with the IFR Handling qualities requirements has been demonstrated should 
be established as a limit for IFR operations. 

(viii) Maximum Sideward and Rearward Flight Speed. The maximum 
demonstrated sideward flight or crosswind hover and rearward flight or tallwind 
hover airspeeds should be provided in the RFM. If these maximum speeds resulted 
from a control margin limitation, they should be included in the airspeed 
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limitations section of the RFM, If adequate control margin remained for the 
critical combination of rotorcraft configuration and ambient conditions, the maximum 
demonstrated sideward or rearward flight airspeeds should be included in either the 
performance section or the limitations section of the RFM as the applicant desires. 

(Ix) Maximum Airspeeds for, Special Configurations or Special 
Equipment. Standard configuration airspeed limits frequently have to be reduced for 
specific changes or external modifications. The following are examples of special 
equipment or configurations that have required additional airspeed limitations: 

(A) Doors open or doors off. 

(B) External hoist/cargo hook (stowed). 

(C) Fixed or emergency flotation gear. 

(D) External avionics equipment (large antennas, wires, etc.) 

(E) External fuel tanks. 

(F) Skid pad or ski equipment modifications to standard skid 
type landing gear. 

(x) Maximum Airspeeds after Failure of Required Equipment. 
Rotorcraft that require auxiliary equipment such as stability augmentation systems 
to comply with FAR requirements throughout the approved operating envelope 
frequently require airspeed limitations following failure of part or all of this 
system in order to comply after the failure. The following are examples of 
auxiliary equipment that have required maximum airspeed limitations after failure of 
all or part of the system. 

(A) Stability Augmentation Systems (SAS). 

(B) Automatic Flight Control Systems (AFCS). 

(C) Fly-by-Wire Elevator Systems (FBW). 

(D) Air Data Computer Systems (ADC). 

(2) Groundspeed Limitations. Although not specifically required by this 
"airspeed limitations" regulation, it may be necessary to establish "groundspeed" 
limitations for wheel-gear-equipped rotorcraft and maximum landing touchdown 
groundspeeds for utility type, float-gear-equipped rotorcraft. These wheel gear 
limitations are required to show compliance with the ground-handling characteristic 
requirements, structural strength requirements, or the ground-loads requirements. 
However because of the operational similarity of groundspeed limits to airspeed 
limits, it is a common practice to include groundspeed limitations under the 
airspeed limitations heading in the flight manual. For this reason, groundspeed 
limitations are included in this paragraph of the A C . Groundspeed limitations 
should be established with adequate safety margins to account for the possible 
inaccuracies associated with the necessity for the pilot to estimate groundspeed 
from indicated airspeed and available wind speed and direction information during 
actual operations. The following are examples of groundspeed limitations that have 
been required during past type certification programs: 
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723. S 27.1519 (through Amendment 27-21) WEIGHT AND CENTER O F GRAVITY. 

Chap 2 
Par 723 1269 

a. Explanation. This rule requires that weight and center of gravity (e.g.) 
combinations which are substantiated structurally and also found satisfactory during 
flight tests (per §§ 27.25 and 27.27) must be established as operating limits. A 
related portion in § 27.1583(c) further requires that weight and e.g. limitations be 
entered in the RFM limitations section. Both maximum and minimum weight must be 
established as operating limitations along with the corresponding longitudinal and 
lateral centers of gravity for each condition. Weight and e g . limits are discussed 
in more detail In paragraphs 43 and 44 of this AC. 

b. Procedures. 

(1) The results of shifts in center of gravity with fuel b u m should be 
3 v a l u a t e d . If It is possible to take off within the approved loading envelope and 
subsequently burn fuel to a condition which is significantly beyond the approved 
weight/e.g. envelope, then there should be appropriate instructions in the loading 
and/or operating procedures of the RFM to avoid this condition. 

(2) Typical loading conditions should not result in weight/e.g. 
combinations outside of approved limits. A minimum of two loadings, appropriate to 
the helicopter configuration, should be evaluated. These should Include critical 
combinations of maximum/minimum variables for fuel, passengers, and crew. If this 
results in loading outside approved limits, special interior placarding or 
cautionary information should be provided in appropriate sections of the RFM. 
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724. S 27.1521 (through Amendment 27-21) POWERPLANT LIMITATIONS. 

1270 (thru 1272) 
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a. Explanation. 

(1) This rule requires that the various parameters and operating 
conditions listed under each type of powerplant operation be evaluated and 
established as operating limitations. The procedures for establishing and verifying 
each powerplant limitation are discussed in the powerplant section of this AC. This 
rule requires that powerplant limitations be established for two specific types of 
operation or power ratings; takeoff and continuous. Additional limitations are 
required to account for engine and transmission cooling and minimum required fuel 
grade. 

(2) Paragraph (e) requires that for turboshaft engines, a limit engine 
torque be established in addition to the other limiting parameters listed under each 
type of operation in paragraphs (b) and (c). Compliance with this paragraph 
requires that a torque limit be established for each approved engine rating (i.e., 
takeoff, continuous, etc.) even though not specifically stated in the rule. 

(3) For rotorcraft equipped with two or more turboshaft engines and 
seeking approval for one-engine-inoperative (OEI) ratings, the same parameters 
required for the takeoff and continuous ratings should be established as limitations 
for each approved OEI rating (i.e., maximum rotational speed, time, gas temperature, 
and torque). Section 27.923 includes requirements for qualification of the rotor 
drive system for 2 1/2-minute and 30-minute OEI powers. Section 27.1501(a) requires 
that any information necessary for safe operation must be established as 
limitations. Thus the establishment of OEI powerplant limitations is required even 
though not specifically addressed in § 27.1521 (through Amendment 27-21). 

(4) It is important to differentiate between the rotorcraft powerplant 
limitations and the engine limitations as established under Part 33. For some 
parameters, these two limits may be identical, but frequently the engines will be 
capable of exceeding the maximum limitations substantiated for the combined 
powerplant installation. Limitations established according to this rule may not 
exceed the engine limitations established in accordance with Part 33 but may be less 
than the Part 33 limits as desired by the applicant. 

b. Procedures. 

(1) Determine the limiting parameters for each required power rating 
according to the requirements of Part 27, Subpart E, Powerplant, (See applicable 
paragraphs of this AC for detailed procedures.) 

(2) Provide the limitations established according to this rule to the 
rotorcraft crew through placards in accordance with § 27.1541, instrument markings 
in accordance with § 27.1549 and in the Rotorcraft Flight Manual Limitations Section 
in accordance with § 27.1563(b). (See paragraphs 763 and 781 of this AC.) 

725. RESERVED. 
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726. S 27.1523 MINIMUM FLIGHTCREW. 

Chap 2 1273 
Par 726 

a. Explanation. 

(1) This rule requires that the minimum crew necessary to show compliance 
with the requirements of Part 27 or for safe operation of the rotorcraft be 
established as an operating limitation. 

(2) The determination of minimum crew requirements is typically based on 
a subjective pilot assessment of the crew requirements for safe operation of each 
rotorcraft design. Certain regulations, such as the requirements for instrument 
flight rules (IFR), have specific quantitative differences between single-pilot and 
two-pilot requirements. However, most often the minimum crew requirement will be 
based on more subjective considerations such as location of necessary controls, 
pilot workload to accomplish required tasks, type of operation, and overall 
complexity of the rotorcraft design. 

(3) Minimum crew requirements for the same type design may vary with the 
kind of operation. Many rotorcraft have been approved for a single-pilot crew for 
visual flight rules (VFR) operations b u t require a two-pilot crew for IFR 
operations. Other kinds of operations that may require more than one crewmember to 
meet type certification requirements are night operations, operations into known 
icing conditions, operations in falling and blowing snow, extended overwater 
operations, and external load operations. 

(4) It is important to distinguish between the minimum crew requirements 
for compliance with Part 27 type certification regulations and the minimum crew 
requirements of the various operating regulations (Parts 61, 91, 121, 133, 135, and 
137). A rotorcraft may be type certified for a minimum crew of one and still be 
required to have a crew of two or more by the operating regulations for certain 
types of operation or by the workload* associated with an operating environment. 
Therefore, an applicant should carefully consider the possible operational uses of 
any rotorcraft design and become familiar with the applicable operating regulations 
as well as the type certification requirements early in the design process. 

(5) The applicant is encouraged to contact the responsible FAA type 
certification office as early in the design phase as possible to initiate the 
qualitative assessment process. Cockpit layout drawings, instrument panel mockups, 
and full-scale cockpit mockups can be used to determine if required controls are 
accessible and to begin the pilot workload assessment for certain operations. 

b. Procedures. 

(1) General. 

(i) A systematic evaluation and test plan is required for any new or 
modified rotorcraft. The methods for showing compliance should emphasize the use of 
acceptable analytical, simulation, and flight test techniques. The crew complement 
should be studied through a logical process of estimating, measuring, and then 
demonstrating the workload imposed by a particular cockpit design. When the minimum 
crew requirements have been determined, they should be included in the limitations 
section of the Rotorcraft Flight Manual in accordance with § 27.1583(d). 
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(11) Appropriate analysis should be conducted by the applicant early 
in the design process. The specific method(s) of analysis should be selected on the 
basis of its predictive validity, sensitivity, reliability, applicability to the 
particular cockpit configuration, and availability of a suitable reference for 
comparison. 

(2) Analytical Approach. 

(i) One analytical approach defines workload as a percentage of the 
time available to perform tasks (Time Line Analysis). This process may be applied 
to an appropriate set of flight segments in which operationally important time 
constraints can be identified. This method is useful for evaluation of cockpit 
changes relating to overt pilot work such as control movements and data inputs. The 
generally accepted practice involves careful selection of the limited set of flight 
scenarios and time segments that represent the range of operational requirements 
(including the range of normal and nonnormal procedures.) Time line analysis yields 
useful data when tasks must be performed within operationally significant time 
constraints. The adequacy of this method is very much dependent on an accurate 
determination of the time available. Absolute standards are not available for 
Interpretation of obtained time required scores, but such records can be used to 
identify high or simultaneous workload demands for later testing in a simulator or 
aircraft, and comparisons can be made with overt workload demands in proven 
aircraft. However, the impact of cockpit changes on planning and decisionmaking is 
difficult to quantify by this method. 

(ii) The most frequently used basis for deciding that a new design is 
acceptable is a comparison of a new design with previous designs proven in 
operational service. By making specific evaluations using the acceptable human 
factors techniques, and comparing new designs to a known baseline, it is possible to 
proceed with confidence that the changes incorporated in the new designs accomplish 
the intended result. When the new cockpit is considered, certain components may be 
proposed as replacements for conventional items, and some degree of rearrangement 
may be contemplated. New avionics systems may need to be fitted into existing 
panels, and newly automated systems may replace current indicators and controls. As 
a result of this evolutionary characteristic of the cockpit design process, there is 
frequently a reference cockpit design, which is usually a conventional aircraft that 
has been through the test of operational usage. If the new design represents an 
evolution, improvement attempt, or other deviation from this reference cockpit, the 
potential exists to make direct comparisons. Service experience should be 
researched to assure that any existing problems are understood and not perpetuated. 

(ill) If preliminary analyses by the certification team identify 
potential problem areas, these areas should receive more extensive evaluation and 
data collection in order to verify compliance with § 27.1523. These concerns should 
be adequately addressed in the manufacturer's demonstration plan when submitted to 
the FAA. 

1274 
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* 
( l v ) I f the new des ign represents a s i g n i f i c a n t change i n l e v e l o f 

automat ion o r p i l o t d u t i e s , a n a l y t i c comparison t o a re fe rence des ign may have 
lessened v a l u e . Wi thout a f i r m data base on the t ime r e q u i r e d t o accompl ish bo th 
norma l l y r e q u i r e d and cont ingency d u t i e s , more complete and r e a l i s t i c s i m u l a t i o n and 
f l i g h t t e s t i n g w i l l be r e q u i r e d . 

(3) T e s t i n g . 

( i ) I n the case o f the minimum crew d e t e r m i n a t i o n , the f i n a l d e c i s i o n 
i s reserved u n t i l the r o t o r c r a f t has been f l o w n by exper ienced f l i g h t t e s t p i l o t s 
t r a i n e d and c u r r e n t i n the a i r c r a f t . More assurance i s de r i ved f rom a c t u a l f l i g h t 
t e s t s than f rom e a r l i e r s i m u l a t o r t e s t s o r o the r s y n t h e t i c or computer model 
procedures. 

( i i ) The t e s t program should address the work load f u n c t i o n s and f a c t o r s 
l i s t e d below. For example, an e v a l u a t i o n o f communications work load should inc lude 
the bas i c work load r e q u i r e d t o p r o p e r l y operate the a i r c r a f t i n the environment f o r 
which approva l i s sought . The goa l i s t o eva luate work load w i t h the proposed crew 
complement d u r i n g r e a l i s t i c o p e r a t i n g c o n d i t i o n s , i n c l u d i n g r e p r e s e n t a t i v e a i r 
t r a f f i c and weather . 

(A) Basic work load funcftftons. The f o l l o w i n g bas i c work load 
f u n c t i o n s are cons idered : 

(1) F l i g h t pa th c o n t r o l . 

(2) C o l l i s i o n avoidance. 

(1) N a v i g a t i o n . 

(4_) Communications. 

(5) Opera t ion and m o n i t o r i n g o f a i r c r a f t engines and systems. 

(6) Command d e c i s i o n s . 

(B) Workload f a c t o r s . The f o l l o w i n g work load f a c t o r s are 
cons idered s i g n i f i c a n t when ana l yz i ng and demonst ra t ing work load f o r minimum f l i g h t 
crew d e t e r m i n a t i o n : 

Chap 2 
Par 726 
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(1) The accessibility, ease, and simplicity of operation of all 
necessary flight, power, and equipment controls, including emergency fuel shutoff 
valves, electrical controls, electronic controls, and engine controls. 

(2) The accessibility and conspicuity of all necessary 
instruments and failure warning devices such as fire warning, electrical system 
malfunction, and other failure or caution indicators. The extent to which such 
instruments or devices direct the proper corrective action is also considered. 

Q ) The number, urgency, and complexity of operating procedures 
with particular consideration given to the specific fuel management schedule imposed 
by center of gravity, structural or other considerations of an airworthiness nature, 
and to the ability of each engine to operate at all times from a single tank or 
source which is automatically replenished if fuel is also stored in other tanks. 

(4) The degree and duration of concentrated mental and physical 
effort involved in normal operation and in diagnosing and coping with malfunctions 
and emergencies. 

C£) The extent of required monitoring of the fuel, hydraulic, 
electrical, electronic, deicing, and other systems while en route. 

(6) The actions requiring a crewmember to be unavailable at his 
assigned duty station, including: observation of systems, emergency operation of 
any control, and emergencies in any compartment. 

(Z) The degree of automation provided in the aircraft systems to 
afford (after failures or malfunctions) automatic crossover or isolation of 
difficulties to minimize the need for any flight crew action to guard against loss 
of hydraulic or electric power to flight controls or to other essential systems. 

(8) The communications and navigation workload. 

(9) The possibility of increased workload associated with any 
emergency that may lead to other -emergencies. 
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727. S 27.1525 (through Amendment 27-21) KINDS O F OPERATION. 

728. § 27.1527 (through Amendment 27-21) MAXIMUM OPERATING ALTITUDE. 

a. Explanation. This rule requires that the maximum altitude for operation 
of the helicopter must be established as an operating limitation. The rule is 
intended to establish en route altitude as an operating limit. The requirements for 
maximum takeoff and landing altitude are contained in other portions of the rule, 
(See discussion in paragraph 81 of this A C ) The en route limit may be established 
by any of the preceding subparts of the rule involving flight, structure, 
powerplant, equipment or related functional requirements of those subparts. Maximum 
operating altitude is ordinarily specified initially by the manufacturer and 
substantiated throughout the type certification program by each engineering 
discipline. Maximum operating altitude must be established in terms of pressure 
altitude unless the pilot is provided with some equally functional means of 
observing specified altitude limits (e.g., a density altitude indicator if maximum 
altitude is specified in terms of density altitude). A related requirement in 
§ 27.1583 specifies that maximum operating altitude must be established as an 
operating limitation In the RFM and further that any limiting factors must be 
identified and explained. 

b. Procedures. Each FAA engineering discipline must ensure that data and 
testing are adequate to properly substantiate and qualify all critical components to 
the maximum operating altitude of the helicopter. The design or maximum 
substantiated altitude should be specified in the Type Inspection Authorization. 
The flight test program must include at least one test flight to the maximum 
approved pressure altitude. This flight should include functional testing of all 
critical aircraft components. Although altitude extrapolation of performance and 
flying qualities test results may be allowed, an altitude limit higher than the 
maximum pressure altitude at which functional capability of critical aircraft 
systems has been demonstrated by flight test should not be approved. 

Chap 2 
Par 727 1277 

This rule states that the kinds of operation to which the rotorcraft is 
limited are established by demonstrated compliance with applicable certification 
requirements (primarily flight) and the equipment requirements established for that 
kind of operation. The basic flight characteristics requirements of Part 27 are 
suitable for day VFR approval. Additional night considerations appear in 
§ 27.141(c) and in the operating rules. IFR requirements are addressed in 
§ 27.141(c) and Appendix B to Part 27. Additional IFR equipment requirements are 
contained in the operating rules. External load requirements for certification may 
be found in §§ 27.25(c) and 27.865(c) In addition to Part 133. Related § 27.1583(d) 
further requires that the approved kinds of operation must be listed in the 
operating limitations section of the Rotorcraft Flight Manual. That equipment 
necessary to comply with applicable airworthiness requirements of Part 27 should 
also be listed in the limitations section of the flight manual. 
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729. S 27.1529 (through Amendment 27-21) INSTRUCTIONS FOR CONTINUED 
AIRWORTHINESS (MAINTENANCE MANUAL). 

a. Explanation. The FAA has long recognized the necessity to have a 
maintenance manual for rotorcraft due to the unique and generally complicated and 
critical design features. 

(1) Amendment 27-3, in 1968, established the requirement for a specific 
airworthiness limitations section. Amendment 27-18, in 1980, revised the rule and 
added Appendix A containing requirements for preparation of instructions for 
continued airworthiness, including the airworthiness limitations section. The 
operating and maintenance rules require compliance with the airworthiness 
limitations section. The maintenance rules §§ 43.15 and 43.16 and § 91.163(c) of 
the operating rules also refer to or require compliance with certain parts of the 
instructions for continued airworthiness. The limitations were intended to "define 
the limits of this type certification approval of the fatigue characteristics of 
critical flight structure." Refer to FAA Order 8620.2, Applicability and 
Enforcement of Manufacturer's Data, November 2, 1978, for further Information. 

(2) Critical components must be identified by part number (or equivalent) 
and serial number (or equivalent). Section 29.1529(a)(1) and (2) of Amendment 27-3 
and/or § 45.14 list the requirements. The part numbers of parts and/or components 
requiring inspections and/or replacement as a result of § 27.571 must be listed in 
the airworthiness limitations section of the manual or another separate, segregated 
section of the manual appropriate to the rules. 

(3) Control rigging procedures are included in the manuals. Since 
rotorcraft are generally difficult to rig properly, it is important that these 
procedures be correct and complete. 

(4) Rotorcraft type designs are unique in comparison to airplane designs 
In that transmissions and rotors have critical components that may be adversely 
affected by operating conditions and time in service. The FAA-approved 
airworthiness limitations section may include such items as gear sets, bearings, 
etc., of the rotorcraft type design if a finite life was established during the type 
certification program and if the FAA determined that mandatory inspections and/or 
replacement of the component (part) was necessary to maintain airworthiness of the 
rotorcraft. For example, a drive spline, gear, or bearing was serviceable after 
concluding the ground endurance test and/or FAA flight test program. However, an 
FAA-mandated Inspection or replacement of the component was considered essential for 
airworthiness of the rotorcraft type design and necessary for type certification. 
Time between overhaul (TBO) of components is not part of the airworthiness 
limitations but is a recommendation from the manufacturer (See Part 27, Appendix A, 
A27.3(b)(1)). If an Inspection or replacement of a part in an assembly is required, 
the inspection interval or replacement time and the part number should be included 
in the limitations. The inspection interval or replacement time may or may not 
coincide with the recommended overhaul interval of the assembly. (See the comments 
for Proposal 8-25, § XX.4 in the preamble of Amendment 29-20 (45 FR 60154), 
September 11, 1980). Note that parts considered unserviceable at the conclusion of 
the ground endurance test of § 29.923 are not acceptable for type certification. 

1278 
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(2) The pylon damper variation can affect ground resonance. The 
variations in stiffness and/or damping of pylon mounts should be evaluated except 
the pylon mounts on contemporary conventional helicopters may have little influence 
on "classical" ground resonance stability. The dynamics of the rotorcraft on its 
landing gear is generally established by the airframe properties and the landing 
gear properties under the influence of the rotor system, with the "pylon" having 
little or no effect. For air or flight resonance, the rotor generally couples with 
the rigid body modes of the fuselage. For a specific design, a relatively simple 
analysis may be used to show the effect of the pylon mount system stiffness on air 
and ground resonance stability, and if not important, variations in the system may 
be omitted from the test program. 

(3) The probable ranges of damping must be established and investigated as 
prescribed and noted in paragraph 268(b). A n approved test proposal and test 
results report should be used for complying with § 27.663(b), If wheel landing gear 
is used on the rotorcraft, the probable ranges of tire pressure or the lowest 
probable tire pressure should be stated in the test proposal and effects of the tire 
pressure investigated during the test. See paragraph 99, § 27.241, concerning tests 
and instrumentation of the test associated with complying with § 27.241. The 
instrumentation noted in paragraph 99 also applies to § 27.663(b). 

(4) If the wheel landing gear is equipped with wheel brakes, the 
evaluation should Include brakes "on" and "off." The nose or tail wheel should be 
locked and unlocked if it swivels to evaluate any possible adverse effects of this 
feature. 

(5) Any maintenance procedures should be included in the "recommended" 
part of that manual. See Appendix A, Far Part 27. 

269.-278. RESERVED. 
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(4) Viscous dampers have been used for many years to prevent ground 
resonance. Modern rotorcraft designs may also use elastomeric dampers and may use 
elastomeric bearings in the rotor head and rotor pylon attachment to the airframe. 
The rule also requires investigation of the probable range of variations of these 
dampers, whether viscous or elastomeric, and these bearings to preclude ground 
resonance. 

(5) Ground resonance can occur due to flexibility in the rotor pylon 
restraint system as well as with landing gear flexibilities. See Paragraph b(2) for 
an explanation. A n analysis may be done to show the effect of the rotor pylon mount 
stiffness on ground resonance stability. If the analysis shows that rotor pylon 
mount stiffness could affect ground resonance, the evaluation should include 
variations in stiffness and damping of the rotor pylon restraints that may occur in 
service (reference "Ground Vibrations of Helicopters," M . L . Deutsch, JAS, Vol. 13, 
No. 5, May 1946). 

b. Procedures. 

(1) The reliability of the means for preventing ground resonance may be 
substantiated as stated in the rule. A n analysis report or a test proposal and 
subsequent test report may be used to show compliance. The probable ranges of 
damping restriction are an important part of the assessment. The test may be 
conducted in conjunction with the testing required by §27.241. See paragraph 99. 

(I) Analysis and tests may be used. 

(ii) Reliable service history of identical or closely similar systems 
may be used. The materials and fluids used, clearance or fits, seals, and physical 
installation are important items to be evaluated and considered for "closely 
s imilar" systerns. 

(ill) Testing of the complete rotorcraft may be used to prove that 
malfunction of a single means or member of the damping system will not cause ground 
resonance. One method of demonstrating acceptable compliance is by removing all or 
most of the fluid from a damper and considering the allowable ranges of damping of 
the other parts of the rotorcraft damping system while operating the rotorcraft 
throughout the rotor speed range from start to maximum rotor speed. Investigation 
of elastomeric dampers may require innovative test procedures and preliminary 
discussions of these prior to preparation of a test proposal. The rotorcraft cyclic 
control should be displaced as noted in paragraph 99 of this document to assure that 
the possible rotorcraft resonance frequencies are excited. If vibrations are damped 
in all tests, the damping system is satisfactory. Each critical rotor damper and 
landing gear damper must simulate a malfunction to comply with the rule. The 
testing discussed, however, could be come very extensive if one were to attempt to 
test all combinations of all maintenance adjustments of all components which 
contribute to the prevention of ground resonance, while at the same time rendering 
each of the pertinent components ineffective in turn and then repeating all of the 
maintenance tolerance testing each time. Fortunately, rational analytical methods 
are available which will permit the evaluation of such combinations so that only the 
combinations with the least amount of margin used are physically tested. 

Chap 2 
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(ii) Gelatin, soot, and oil slides provide data that can be used to 
estimate MVD at discrete intervals while laser nephelometer data can provide time 
histories of MVD droplet size distributions. Gelatin slide data should be taken 
frequently during test flights to properly characterize the cloud. Laser 
nephelometer data have been found to be highly dependent upon knowledge of the 
equipment and calibration. Proper calibration, maintenance, and data processing 
techniques should be utilized and demonstrated. Additional information on the 
subject may be found in reference 693d(18). 

(Iii) Structural instrumentation requirements should also be 
established as early as possible in the program. Flight strain measurements are 
strongly recommended in assessing the ice imposed stress on the rotorcraft. The 
flight strain measurements should determine the effect on fatigue life due to ice 
accumulation for such items as main rotor blades, main rotor hub components, 
rotating and fixed controls, horizontal stabilizer, tail rotor, etc. The subsequent 
proper operation of retractable devices such as landing gear should be demonstrated 
with representative ice accretion. In addition, the static and fatigue strength of 
the blade with heater mat should be substantiated. Any effect of the heater mat on 
fatigue strength of the blades should be considered. 

(3) Additional Considerations. The following are items to consider in an 
icing certification program. They are not intended to be all-inclusive, and the 
possibility of widely differing characteristics and critical areas among various 
helicopters in icing should be considered. 

(I) The helicopter should be shown by analysis and confirmed by 
either simulated or natural icing tests to be capable of holding for 30 minutes in 
the design conditions of the continuous maximum icing envelope at the most critical 
weight, e.g., and altitude with a fully functional ice protection system. 

(ii) A single ice protection system and power source may be considered 
acceptable provided that after any single failure of the Ice protection system, the 
rotorcraft can be shown by analysis and/or test to be capable of safe operation (no 
hazard) for 15 minutes following failure recognition in the continuous icing 
envelope used as the basis for certification within the same icing limits used for 
the 30-minute hold criteria. During this 15-minute period the rotorcraft may 
exhibit degraded characteristics. Pilot controllable operating limitations such as 
airspeed may be used to satisfy this continued safe flight criteria. For purposes 
of determining performance and handling qualities degradation, ice protection system 
failure need not be considered to occur simultaneously with engine failure unless 
ice protection system operation is dependent upon engine operation. 

(iii) Although current airborne weather radar technology systems may be 
useful in avoiding potential icing conditions by detecting precipitation, the use of 
weather radar is not an FAA requirement for icing certification. * 
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(Iv) § 27.1419(e) says there must be a means to advise the crew when 
the helicopter is in icing conditions in order that the system may be activated. 

(v) No autorotational performance data is required for helicopters 
which have Category A powerplant installations. The helicopter must be capable of 
full autorotational landings with the ice protection system operating 
(27,143a(2)(vi). Autorotational entry, steady state, and flare entry flying 
qualities and performance should be evaluated with the ice load to be expected with 
the de-ice system operating and with the ice load to be expected 15 minutes after 
failure of the system. Since the en route performance can vary as the ice 
protection system operates, a mean value of cyclic torque is acceptable provided, at 
no time the power required drops below that required for level flight. The 
helicopter is assumed to be clear of ice prior to takeoff, and, therefore, the 
takeoff performance is not degraded. The landing performance can be based on the 
in-flight assessment of overall performance degradation. Items such as fuel burns 
can be used as part of the in-flight performance degradation determination. 
Regardless of the methods used to determine performance degradation, they must be 
easily used by the crew. The hover performance should be addressed for the 
termination of a flight after an Icing encounter. The engines should be protected 
from the adverse effects of ice. When ice does accumulate on the inlets, screens, 
etc., it must be accounted for in performance, engine operating characteristics, and 
inlet distortion. 

(vi) The handling qualities of the helicopter must be substantiated if 
ice can accumulate o n any surface. When ice can accumulate on unprotected surfaces, 
the helicopter must exhibit satisfactory IFR handling qualities. In addition, 
following the failure of the deice system, the helicopter must be safely 
controllable for 15 minutes, i.e., the helicopter must be free from excessive and 
rapid divergence. Artificial ice shapes may be acceptable for acquisition of flight 
test data necessary for handling qualities and performance evaluations and 
demonstrations. 

(vii) Items such as fuel tank vents, cooling vents, antennas, etc., 
should be substantiated for maximum icing effects. 

(viii) The ice protection system should be sufficiently reliable to 
perform its intended function In accordance with the requirements of § 27.1309. 
These requirements may in some instances be met by the use of sound engineering 
judgment during design and compliance demonstrations. In many instances, use of 
good design practices, failure modes and effects analysis, and similarity analyses 
combined with good judgment will be adequate. In some instances the need for 
reliability analyses may be desirable. Additional information pertaining to 
reliability is contained in paragraph 621 (§ 27.1309) of this AC. 
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MISCELLANEOUS AIRWORTHINESS STANDARDS 

775. ENGINEERING FLIGHT TEST GUIDE FOR NORMAL CATEGORY HELICOPTERS - INSTRUMENT 
FLIGHT RULES. 

a. Explanation. Requirements for Instrument flight rules (IFR) have been 
incorporated Into Part 27, Appendix B, Amendment 19. Various information from 
previous interim standards, procedures, test techniques, and acceptable means of 
compliance for helicopter IFR flight are included in the following sections. 

b. Procedures. 

(1) General. 

(i) The certified instrument flight envelope may be more restrictive 
than the visual flight rules (VFR) envelope in terms of weight, center of gravity, 
speed, altitude, or rate of climb and descent. The approved envelope should be 
operationally practical and not impose constraints with which the crew has 
difficulty complying. The IFR altitude envelope should extend to at least 10,000 
feet to be operationally practical in the National Airways System. 

(ii) Controllability requirements are to be met from 0.9 v ^ to 
1.1 V^ . Stability requirements must be met where specified. Stability devices 
are to oe designed to allow safe flight following failures. The evaluating pilot 
should assure that all equipment and devices installed for IFR, including reasonable 
failures of that equipment, do not compromise the VFR approval for that rotorcraft. 
Examples include stability system failures that can cause loss of swashplate or tall 
rotor control travel when they fail in a hardover condition. If the device remains 
in the hardover position after the stability system is turned off, control 
capability can be compromised. Cyclic controllability tests at high speed and at 
the limiting rearward flight condition, or tail rotor tests in sideward flight at 
high altitude, may reveal a lower control capability and a more restrictive 
envelope. Revision to the envelope approved for VFR conditions may be required when 
stability equipment is installed. In addition, controllability testing should be 
accomplished with the control rigging set at the most adverse production tolerance 
for the test condition; e.g., minimum forward swashplate for high speed testing. 

(2) Trim. Compliance with the IFR trim requirement may be met by use of a 
magnetic brake with a recentering button, an electrically driven trim system 
activated by a "beeper" type control, or other means, so long as the system does not 
introduce any objectionable discontinuities in the force gradient or otherwise 
result In objectionable flight characteristics. Trim release devices should be free 
of objectional stick jump. Electrically driven trim systems should have a smooth 
change in force with a rate compatible with the normal helicopter maneuvers. Only 
the cyclic trim control must exhibit positive self-centering characteristics. 
Collective and pedal controls are not required to Incorporate positive 
self-centering characteristics. Movement of the trim controls should produce a 
similar effect on the rotorcraft in a plane parallel to that of the control motion. 
The control system free play and breakout force must be evaluated to assure a close 
and direct correlation between control input (force and deflection) and rotorcraft 
response (pitch, roll, yaw, and heave (vertical motion)), and to permit small, 
precise changes in flight path. If trim control is provided in a stability 
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augmentation system (SAS), the control should be of such design and so installed 
that any failure will not create a hazardous condition. If an inadvertent out-of-
trim condition can be developed, its effect on the rotorcraft should be 
investigated. These failures or malfunctions should be investigated as outlined In 
(6) "Stability Augmentation Systems" which follows. Controls for this trim function 
should be installed such that the controls should operate In the plane and with the 
sense of motion of the rotorcraft. Each control means should have the direction of 
motion plainly marked thereon or adjacent to the control. 

(3) Static Longitudinal Stability. 

(I) Positive static longitudinal stability is a key IFR requirement 
which assures a self-correcting airspeed response and allows a pilot to recognize 
any substantial change in speed. Very shallow force gradients can be approved for 
systems with low deadband and low friction. Systems with significant friction and 
deadband require much steeper force gradients to be acceptable. The longitudinal 
force gradient can be determined by either one of two methods. The most commonly 
used method measures the forces on the ground (with hydraulic and electric ground 
power units If required). The force applied to the cyclic stick and the cyclic 
stick displacement are measured and a plot of stick force verses displacement In 
each direction is obtained. The longitudinal static stability tests are conducted 
in the air as described in paragraph 86. The trim system should be on during the 
test and trimmed at the trim speed. After each end point, the cylic should be 
allowed to slowly return to the trim position. When all the force is released from 
the cyclic stick and the airspeed has stabilized, note the airspeed. The airspeed 
must return to within 10 percent or 10 knots, whichever Is less, of the trim speed. 
A n alternate method of determining the longitudinal stick force stability is to 
measure the force on the cyclic stick in flight using a hand held force gage or 
other force measuring instrumentation. The in-flight technique is the same as the 
first method. Testing should be accomplished at a minimum of two altitudes. One 
altitude should be low enough to assure limiting power is attained. Another should 
be at or near the maximum approved altitude. Reasonable interpolation is allowed. 
If no marginal areas are apparent, Interpolation over a 10,000-foot altitude range 
is considered reasonable. 

(ii) Tests for static longitudinal stability during approach should 
Include the steepest approach gradient for which approval is requested. Static 
stability tests may be simulated by initially establishing a trimmed rate of descent 
for maximum approach gradient assuming zero wind conditions. Actual approach tests 
at the maximum approved gradient should be conducted to evaluate tracking and 
maneuverability, including the capability to correct downward to a glide path when 
approaching in a slight (10 knot) tailwind condition. 

(iii) Helicopters that are approved for a minimum crew of two pilots 
for IFR operation are relieved from demonstrating stick force stability in climb, 
slow cruise, and descent. It is expected that these helicopters do comply with the 
VFR certification requirements of § 27.175. 
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accepted that allows failures during the life of each helicopter. If loss of the 
system will prevent continuation of safe flight and landing, the reliability of the 
system must be high enough to assure that failure of the system will not be expected 
to occur during the life of the helicopter fleet. When evaluating the reliability 
of a system, the installation of the system should be considered as part of the 
design. The total system including inputs, outputs, environment, isolation 
features, and exposure times is a pertinent consideration. 

(ill) Stability augmentation system reliability is evaluated by systems 
and equipment personnel. If credit is to be given for system reliability, freedom 
from malfunction, hardover and oscillatory conditions (limited to critical 
frequencies determined during autopilot failure analysis), a thorough system 
evaluation is needed. Flight test personnel should coordinate closely with the 
systems and equipment personnel whenever credit is given for advanced design and 
system reliability because the hardover/malfunction condition may not require 
in-fllght testing. The decision is made on the basis of system design, failure 
analysis, and overall probability of malfunction. If flight testing is required, 
appropriate delay times as shown below are required. 

If the system Is to be approved without flight restrictions (operating at all 
times), malfunctions should be demonstrated to be satisfactory during takeoff, 
climb, cruising, landing, maneuvering, and hovering. 

If a flight restriction is provided, it should be determined as appropriate. 
Appropriate operating limitations should be specified and significant information 
regarding the restriction should be made available to the pilot in the operating 
procedures section of the rotorcraft flight manual. 

Flight Condition Time Delay 

Hover, takeoff, and landing Normal pilot recognition and reaction 
time 

Maneuvering and approach Normal pilot recognition plus 1 second 

Note: Recovery from simulated 
malfunctions of any SAS axis occurring 
while the pilot is applying control 
inputs to cause rotation about that axis 
may be initiated with normal pilot 
reaction; the l-second delay in 
maneuvering flight pertains to 
established turns (level, climbing, and 
descending) only. 

Climb, cruise, and descent Normal pilot recognition plus 3 seconds 
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For helicopters requiring a minimum crew of two pilots and with stability systems 
that do not have coupling capability such as vertical speed hold, altitude hold, or 
navigation tracking, a time delay of 1 second may be used in climb, cruise, and 
descent. Reference to visual cues is assumed only in hover, takeoff, and landing. 
For other flight conditions, the pilot is assumed to recognize the malfunction 
condition without reference to outside visual cues. If the stability system has not 
previously been certified as a part of the aircraft for VFR flight, malfunctions 
should also be conducted throughout the VFR envelope. Pickup to a hover, landing, 
sideward, rearward, and forward hovering flight must be considered. Because of the 
visual cues available to the pilot operating VFR, shorter delay times following 
stability system malfunctions may be appropriate. These delay times are: 

(A) One to three seconds delay for cruising flight. (The time 
delay selected should be based upon the degree of stability provided and the amount 
of alertness required of the pilot. For example, three seconds are required for a 
fixed wing transport aircraft in cruising flight). 
NOTE: If the improved stability and the resultant higher degree of relaxation by 
the pilot has justified time delays greater than one-second minimum in cruise, then 
a reexamination is in order of the engine failure time delays used during the 
original type certification prior to the SAS installation. 

(B) One second delay for climbing flight. 

(C) Zero second delay for takeoff, landing, hovering, and 
maneuvering flight. 

(Iv) A good method to accurately determine pilot recognition and 
reaction time is to establish typical climb, cruise, descent, and approach 
conditions and instruct a subject pilot to react as soon as he recognizes individual 
hardover conditions in pitch, roll, yaw, and heave (if Installed). Several pilot 
subjects may be used. Sensitive recording instrumentation is needed to show the 
hardover input to the actuator and the pilot's initial control movement. This 
procedure is usually conducted prior to the critical hardover tests so that the 
total necessary time delay (recognition plus 3 seconds, etc.) can be established. 
This procedure actually determines recognition plus reaction time, although reaction 
time has been shown in hardover testing to be a relatively constant 0.5 seconds. 
Different recognition times for various axes are not unusual. During one recent 
program, recognition time for directional hardovers was 0.3 second, but for roll 
hardovers was 0.9 second. There Is typically 0.1 second or less scatter among 
properly briefed pilots. Recognition time is then added to delay time to determine 
total necessary delay for hardover testing. As an example, for the above roll 
condition, a single pilot configuration would require a total 3.9-second duration 
from signal input to initial control actuation for recovery. Allowable attitude 
excursions must also be considered. Although allowable attitude excursions during 
hardover testing probably depend more upon acceleration and rate of acceleration 
than on attitude, a general rule of 30* pitch and 60° bank may be used. For some 
designs, maximum safe attitudes may be lower. Certain responses with rapid initial 
motion, but self-correcting characteristics thereafter, have been allowed to diverge 
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as much as 55° in pitch and 80° in roll as long as no rotor system or control 
difficulties result during malfunction or recovery. The key is: Can a safe, 
reasonable recovery be made without exceeding aircraft limits? During high speed 
malfunction testing, the maximum speed allowable during malfunction or during 
recovery is 1.11 V ( V D J?) • T* i e maximum allowable speed for SAS operation must be 
adjusted to prevent exceeding during malfunction testing at any altitude. 

(v) Applicable procedures and techniques for conduct of hardover 
tests are contained In Paragraph 637 of this AC. If a quick disconnect device is 
incorporated, it should be reachable with a finger on the hand operating the 
appropriate recovery control and should be operable without removing the hand from 
that control. A quick disconnect system can be used on duplex system if overall 
reliability of the system is acceptable. All cockpit emergency controls including 
emergency quick disconnects should be "red." The quick disconnect may be actuated 
at initiation of recovery. Other disconnects should only be actuated after full 
aircraft control has been achieved following recovery. Aircraft limits may not be 
exceeded during malfunction or recovery. If a monitor device automatically 
disconnects the SAS, it must be clearly annunciated to the crew. * 

(vi) Series actuator hardover conditions in some rotorcraft can 
seriously degrade control margin. Critical loadings, power settings, r.p.m,, and 
altitudes in conjunction with a SAS actuator hardover in an adverse direction can 
result in reduction of control travel requiring flight envelope constraints. Flight 
testing is usually necessary to determine the appropriate flight envelope 
reductions. 

(vii) Subsequent failures and unrelated probable combinations of 
failures must be considered, including subsequent SAS failures. Systems and 
equipment section analysis should provide necessary SAS malfunction combinations for 
flight testing as a result of their system analysis. Minimum requirements for 
dispatch and procedures following failure should be Included In the malfunction 
analysis. Results of the probability analysis and the resultant malfunction 
configurations are primarily the responsibility of the systems and equipment 
section. 

(viii) No reasonably probable failure should result in a worse condition 
than that tested for hardovers. For example, if a magnetic brake force trim system 
is employed, failure of electrical power to the magnetic brake circuit may cause the 
cyclic control to fail which may result in a more dangerous flight condition than 
individual SAS hardovers. The overall control system is to be evaluated for all 
probable failures to preclude hazardous failure conditions. Other areas for 
investigation include beep trim and auto trim failures. The delay times of 
paragraph 775b(6)(iii) are appropriate for all such failures. System malfunctions 
may also include component failures which result in oscillatory outputs of the 
actuator(s). These should be sustainable at least as long as the specified hardover 
delays, should be manageable thereafter with hands on the controls, and should allow 
disconnect of the malfunctioning system. 

(ix) Engine failure requirements are not entirely consistent with the 
SAS failure time delays shown In 775b(6)(Iii). Engine failure time delays remain as 
specified in § 27.143(d), and they are lower than corresponding SAS failure delays. 
Critical engine failure conditions should be reverlfied during simulated instrument 
flight with primary reference to flight instruments. Lower time delays for engine 
failure have been justified on the basis of immediate cues for the critical high 
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powered condition and requirements for engine failure warning systems. Many 
rotorcraft designs simply cannot endure a 3-second time delay for critical engine 
failure conditions. Nevertheless, engine failure, autorotation entries, and 
autorotation descent (for single-engine rotorcraft and multiengine rotorcraft 
without Category A engine isolation) should be evaluated in simulated IFR 
conditions, and these flight characteristics must be acceptable. 

(7) Controllability. 

(i) Control harmony should be present. There should be no 
objectionable cyclic to collective or roll-yaw-pitch cross coupling. 

(ii) Control forces following a control system malfunction such as a 
hydraulic system failure should be low enough to allow completion of the intended 
flight. It may not be possible to land early during an actual IFR flight. 

(iii) There should be no tendencies for pilot-induced oscillations; 
There should be no sustained or uncontrollable oscillations resulting from the 
efforts of the pilot to control the rotorcraft. 

(Iv) The control system should have sufficient resolution to permit 
accurate and precise instrument maneuvers. Some control systems with high breakout 
forces in conjunction with low control force gradients do not lend themselves to 
satisfactory instrument flight capability. 

(8) Cockpit Arrangement. 

(i) The primary flight instrument basic T (or a modified T with VSI 
above the altimeter) should be located as nearly in front of the pilot as possible. 
All annunciation necessary for operation of stability systems should be readily in 
view. Secondary flight (or navigation) instruments such as radar altimeter and 
secondary radio course information, DME, etc., should be grouped around the 
periphery of the T. Next in priority are primary power instruments such as torque 
and rotor r.p.m. Powerplant instruments and backup attitude information should be 
placed in the remaining panel areas. Various research and development efforts and 
previous certification programs have revealed that it is desirable not to locate the 
standby attitude indicator immediately adjacent to the basic flight instrument T. 
The standby attitude indicator must be usable and flyable from the primary pilot 
station (and any other pilot station); however, locating it too close to the primary 
instruments is undesirable. If the standby attitude information is close to the 
pilot's normal flight instrument scan, he will begin to compare attitude information 
between the two indicators in his normal instrument scan. Every pilot eye motion to 
compare these indicators is a wasted motion that could be more efficiently applied 
in the normal scan. The pilot should fly either the primary or the backup 
indicator, and it is an aid if these indicators are physically separated. When the 
standby indicator is located physically apart from the normal scan and the primary 
indicator fails, the pilot is conscious of a distinctly different instrument scan 
and is less likely to be continuously coming back to the center of the basic T for 
attitude reference. Physical separation can assist the transition to standby 
attitude flight. Power for operation of an electrical standby attitude indicator 
and power for the lighting of that instrument must be independent of the aircraft's 
electrical generating system. 
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(11) All cockpit controls necessary for normal and emergency 
operations should ideally be located so that they may be actuated without upper body 
movement. Moderate head and body movement has been accepted; however, these motions 
must be evaluated for their vertigo inducing effects. No IFR controls should be 
located aft of a vertical plane passing left to right (laterally) through the 
pilot's body. 

(iii) If a copilot position is approved, the copilot must have a 
complete set of flight controls and must be capable of independently flying and 
navigating the rotorcraft from his position. The copilot must be capable of 
controlling at least one primary navigation source so that he can operate the 
rotorcraft during normal conditions without relying on the first pilot to perform 
needed cockpit functions. Some instruments can be shared between pilots depending 
on instrument panel presentation. Some examples from previous programs include 
standby attitude, rotor tachometer (if the aircraft has automatic governing and the 
crew is provided visual and aural r.p.m. warning), and secondary powerplant 
instruments such as N , oil pressure, and temperature. 

6 
(iv) Proper cockpit annunciation is essential for safe operation. SAS 

and autopilot modes must be properly annunciated. Appropriate annunciator color 
coding is contained in § 27.1322. There must be no question in regard to the source 
of navigation information presented to the crew. Where navigation switching is 
available between individual displays and between pilot positions, the first pilot 
should have overriding control for his displays. 

(9) IMC Evaluation. 

(i) As part of the flight test program, new helicopters undergoing 
IFR certification should be flown In the air traffic control system In actual day 
and night Instrument meteorological conditions. Items for consideration during the 
IMC evaluation include: 

(A) Ability of the rotorcraft to safely operate In the National 
Airspace System, including crew capabilities to cope with probable malfunctions. 
Examples of failures imposed during this IMC evaluation on previous programs are 
shown below: 

(1) Hydraulic failure; 

(2) Individual COMM. NAV, or intercom failure; 

(3) Engine failure; 

(4) Loss of any power input; 

(5) SAS failure; 

(6) Trim failure; and 

(2) Individual failure of each vertical and directional gyro. 

(B) Visibility during low approach conditions in precipitation. 

(C) Glare and reflections at night in clouds. 
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(D) Workload demands on the minimum flightcrew including the 
failures in paragraph 775b(9)(A)(1). 

(E) Handling qualities in turbulence throughout the IFR approved 
envelope Including typical IFR flight maneuvers; 

(J.) With reasonably anticipated SAS failures; 

(2) With reasonably probable control system failures 
(hydraulics, force trim, basic ship systems, etc.); 

(3) With the typical workload conditions associated with 
operating in high density traffic areas; and 

(4) With other reasonable, probable failures. 

(F) Cockpit leaks in precipitation which affect pilot 
efficiency, safety, or rotorcraft airworthiness. 

(ii) Helicopters that are an improved, modified, or later model of 
previously approved type that have no significant changes in the fuselage and 
windshield configuration, the aircraft lighting system, and the rain removal systems 
do not need to be flown in clouds. They may need to be evaluated in clouds if, in 
the judgment of the flight test personnel, there is some doubt as to the similarity 
of the configuration. However, a previously approved helicopter undergoing IFR 
certification tests for a different SAS should not require a series of actual IFR 
flights just to determine pilot workload or whether it can be flown In clouds. 

(10) Static Position Error. The static position error should be 
reevaluated to determine altimeter error during instrument approach conditions. 
This is particularly important when high angle approaches (above 3°) are approved. 
Static position error for 3° approaches can typically be approximated by the level 
flight error. The direction of error is important. If the indicated value is lower 
than actual value, the error is in a conservative direction and further 
investigation may not be required. The direction and magnitude of static position 
error should be determined for steep angle approach conditions and additional 
information provided when necessary in the Rotorcraft Flight Manual. A n 
investigation of static system response during the go-around transition should be 
investigated. 

(11) Cross Coupling. IFR handling qualities are enhanced by providing low 
levels of coupling between axes. During the flight evaluation, pilots should be 
alert for strong cross coupling tendencies between yaw and pitch, heave (collective) 
and pitch, heave and roll, or roll and pitch. Any strong coupling effects between 
these motions may produce unacceptable handling qualities for IFR flight. The 
rotorcraft should be able to make a smooth transition from any flight condition. As 
an example, large rolling or pitching moments with collective application would 
represent questionable handling characteristics for the IFR missed approach 
condition. 
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(12) Directional Instruments. A magnetic, gyro-stabilized direction 
indicator is specified because navigation in instrument flight must be precise. In 
helicopters, the nonstabilized magnetic indicator is subject to many errors, 
particularly in turbulence. Therefore, it is inappropriate as the primary source of 
directional information, but it is adequate as an emergency source. A nonslaved 
directional gyro is also inappropriate as the primary source of directional 
information because of drift and the requirement to set it to some other precise 
reference. 

(i) As a minimum for single pilot IFR, a nonstabilized magnetic 
indicator (such as a "whiskey compass") and a magnetic, gyroscopically-stabillzed 
direction indicator system (slaved) are required. 

(ii) The minimum for dual pilot certification includes the instruments 
required for single pilot and an additional independent gyroscopically stabilized 
directional indicator system (slaved or nonslaved). 

(13) IFR Electrical System. 

(i) General. 

(A) The entire electrical system, both AC and DC portions, 
should be reviewed with IFR operation in mind. This review is necessary since most 
of the helicopters presently certificated do not include IFR operation as part of 
their certification. Many aspects of normal operation and results of failure 
conditions may be entirely acceptable for VFR operation but unacceptable for IFR 
operation. 

(B) Provisions should be made for a capability to continue to 
the destination in the event of a single failure in the electrical system. 
Paragraph 652 contains the definition of a "single failure." The evaluation of the 
system under failure conditions should consider not only the failure itself but also 
the recommended cockpit procedure to respond to the failure. 

(C) The fault analyses of the electrical system and the results 
of the system testing to validate that analysis serves as a good starting place for 
the electrical system review. Failure of each generator, each battery, and each 
component, such as switches and relays, should be accounted for first since failure 
of equipment and components are the most probable. 

(D) System failure such as tripped circuit breakers, blown 
fuses, loss of busses, loss of feeders, loss of ground terminals, and failure of 
electrical disconnect plugs should also be considered. 

(E) Routing of all wiring from each power source throughout the 
distribution system should be reviewed. In all instances feeder wires should be 
routed separately from small gage control wiring. Also, wiring for each power 
system should be separated to the maximum extent practical from the wiring 
associated with other required power systems. 
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(F) A single electrical disconnect plug should not contain 
wiring for more than one generating system. Many systems incorporate automatic 
feeder fault protection that disables a power source experiencing a short circuit on 
its feeder, and in some instances passive protection has been provided for the 
feeders. 

(G) There may be other failures that should be considered that 
are peculiar to the specific design being evaluated and, If so, an appropriate 
accounting of these failure should also be made. 

(H) Single engine rotorcraft that are being upgraded from VFR to 
IFR will require careful evaluation of the electrical system. These aircraft 
normally do not have distribution systems that can tolerate bus or feeder failures, 
and these failures would result in loss of the entire electrical system. Normally 
these systems are modified such that distribution system and power supply failures 
will only result in a partial loss of electrical capability. The power supply 
problem has been accounted for by the Installation of a second generator in some 
instances or by adding extra battery capacity in others. When an extra battery is 
added, or a larger battery is substituted, the ampere-hour capacity should be based 
on one-half the time associated with a worst case maximum flight duration 
consideration. Additionally, in all instances so far the standby attitude system 
has been provided a separate power supply capability, in addition to the extra power 
supply capability described above. 

(ii) Review of Regulations. The airworthiness regulations concerning 
electrical systems begin with § 27.1301 (Ref: Subpart F - Equipment) and continue 
through § 27.1401. Other rules may also concern the electrical system; however, 
compliance with these sections should have been assured as part of the original VFR 
approval. 

(iii) Specific Emphasis Areas. In some previous installations, changes 
have been necessary in the areas listed below. Future installations should be 
checked carefully In these areas and other areas that Indicate a need for attention. 

(A) Systems Affected by Icing. Gross inaccuracies in altitude 
and airspeed Indicators resulting from icing could be disastrous in IFR flight. For 
helicopters not equipped with approved alternate static sources, static ports should 
be carefully evaluated and should either be heated or an analysis verified by flight 
test data submitted to substantiate leaving them unheated. Static line routing 
should be carefully evaluated for low spots. Also, if static ports are on the side 
of the helicopter, the lines should be initially routed upward just behind the 
static ports, then down to a drain. If the lines are initially routed upward, the 
lines will not fill with water when the helicopter Is flown through rain or Is 
washed. 
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(B) Overvoltage Protection. A few helicopters may have this 
protection, but many do not. Since overvoltage protection is specifically required 
for IFR operation, the helicopter's basic electrical system should be very carefully 
reviewed for this capability. 

(C) Power Adequacy Indication. Most flight instruments that use 
a power supply have a visual means integral with the instrument to indicate the 
adequacy of the power being supplied. For those required flight instruments that 
are not provided with a visual means, the following should be accounted for: 

(1) The visual means provided should be at least adjacent to the 
instrument. 

(2) The visual means should be adequately placarded. 

(3) The power should be measured at or near the point where It 
enters the instrument. 

(4) For electrical instruments, the power is considered to be 
adequate when the voltage is within approved limits. The source of power for the 
visual means of Indication must be independent of the source of power for the 
instrument itself. Independent, in this case, means a separate circuit protective 
device and a separate distribution system bus. 

(D) Multiple System Separation. Multiple systems performing the 
same function are required in certain instances because it is probable that a single 
system will fail. Separation of such systems would preclude a single fault from 
causing a multiple system failure. The following should be considered: 

(1) When possible, cable routing should be accomplished to 
ensure the maximum separation; for example, one system routed on one side of the 
helicopter and the other system on the opposite side. Some areas, such as 
pedestals, junction boxes, and equipment racks bring systems close together, and In 
these areas physical separation may be minimal. 

(2) Systems that are required to be duplicated should not be 
routed through one electrical disconnect plug. 

(3) System grounds should be evaluated to assure wiring for two 
required systems is not grounded to the same terminal. If a terminal strip contains 
grounds for multiple systems, it should be grounded to the helicopter's airframe in 
two places from two separate terminals. 
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(E) Circuit Protective Devices. All systems that are "required" 
for IFR operation are considered to be necessary for safe IFR operation, and the 
circuit protective devices for those systems should generally be accessible to the 
crew in the cockpit so they can be readily reset or replaced In flight. The 
location of the generator field protective devices has been a problem in some 
helicopters. The protective devices that can result in the loss of a required power 
system should be accessible in the cockpit. This position is further supported by 
the occurrence of nuisance opening of circuit protective devices in rotorcraft. • 
Further discussion on this issue is included in paragraph 655b(4) of this advisory 
circular. 

(F) Intercommunication System. All audio for the entire 
helicopter comes together at this system. A n evaluation should be made to ensure 
that no single failure will result in the loss of all audio for the helicopter. 
Check for common grounds, common connectors, etc. Power inputs should also be 
disabled. 

(14) Rotorcraft Flight Manual Material. 

(I) In addition to other required information, the limitations 
section of the Rotorcraft Flight Manual (RFM) or RFM Supplement must include the 
approved IFR flight envelope, minimum IFR crew requirements, the minimum required 
equipment for dispatch into IFR conditions that is not covered by the operating 
regulations, and the maximum approach gradient which has been approved. If a 
significant loss of altitude is experienced in any flight regime or maneuver during 
certification analysis or testing, the emergency operating procedures should include 
a statement of this altitude loss along with any other appropriate Information. 

(ii) The limitations section of the Rotorcraft Flight Manual should 
not include restrictions prohibiting external cargo operations. These operations 
are covered by Parts 91 and 133 and all external load operations conducted under 
these parts must be approved by the controlling operations inspector. It is the 
responsibility of the operator to demonstrate, and the operations inspector to 
confirm, that any external load operation, including en route IFR, can be safely 
conducted. 
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(4) System Performance. Where the operating or airworthiness regulations 
require a system to perform Its intended function, and when the equipment is not 
qualified by TSO or other approval means, performance data furnished to the FAA can 
reduce the installed performance testing. The appropriate TSO minimum performance 
standard may be used as a guide. 

(i) Environment. A n appropriate means for environmental testing Is 
set forth in Radio Technical Commission for Aeronautics (RTCA) document D0-160A. 
The applicant should submit test reports showing that the laboratory tested 
categories such as temperature, vibration, altitude, etc., are compatible with the 
environmental demands to be placed on the helicopter. 

(ii) Failure Analysis. Section 27.1309(b) requires consideration of 
system malfunctions or failures. 

(5) Installation Design. 

(i) Mechanical Installation. Installations should be made to 
(1) ensure compliance with the airworthiness regulations, and (2) comply with the 
equipment manufacturer's recommendations. The designer should observe good 
engineering practices in specifying material type, thickness, fastener type, edge 
distance, and attachment to the equipment rack. By analysis or static tests, the 
mounted equipment should be shown to withstand the inertia forces of §§ 27.561(b)(3) 
and 27.337. Refer to AC 43.13-2A for static test procedures. 

(ii) Arrangement and Visibility. The mounting position of all 
instruments, switches, position labels, and control heads should make them plainly 
visible to the pilot while in his normal, panel-facing position and under all 
cockpit lighting conditions likely to occur. TSO approval does not assure 
instruments will be acceptable in a particular cockpit installation or for all 
lighting conditions. The instruments, switches, and placarding must be free from 
reflections. Malfunction annunciation devices should be conspicuous and clearly 
visible to the pilot. (See AC 20-69 and §§ 27.1321, 27.771, 27.1381, 
and 27.1555(a)). 

(ill) Load Analysis. 

(A) Power Sources. It should be determined whether the 
electrical power source capacity is adequate for the system installation under all 
foreseeable operating conditions including engine failure on multiengine 
helicopters. System load reductions should be applied or power source capacity 
increased, if necessary, to assure compatibility between load and source. If 
duplicate systems are required, they should be powered from separate buses. 

(B) Navigation Course Deviation Circuit Loading. It should be 
determined that the deviation circuit source impedance is matched by its load and 
that the source capacity is not exceeded. When the system is capable of transfer, 
the transfer loads should also be considered (§ 27.1301). 
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(C) Malfunction Indicator Circuit Loading. It should be 
determined that the malfunction indicator source impedance Is matched by its loads 
and that the source capacity is not exceeded. When the system is capable of 
transfer, the transfer loads should also be considered <§ 27.1301). 

(D) Synchro Signal Loading. When parallel loads are added to 
synchro's, the manufacturers' specifications should be reviewed to assure that the 
additional loads do not result in an overloaded synchro. 

(Iv) Interface. In many cases, the mating units of a system are 
designed by different manufacturers. For example, a brand-X gyro may be designed 
for operation with a brand-X flight director, but later a modifier decides to 
operate a brand-Y autopilot with the brand-X gyro. This applies just as well to NAV 
receivers, AREA NAV units, course indicators, omni bearing selectors, tachometer 
indicators, transmitters, and many other equipment items. When this is the case, 
the applicant should provide data, in summarized form, describing those 
characteristics such as impedance, volts, etc., that are necessary to ensure a 
compatible and reliable system. The data should also reference the source of the 
interface data (§ 27.1301). 

(v) Flight Tests. A n FAA engineering flight test is required during 
type certification or after modification that changes the established limitations, 
flight characteristics, or performance of a helicopter or any of its required 
systems or operating procedures. New installations of equipment in the cockpit or 
modifications that affect existing equipment in the cockpit should be evaluated by 
appropriate flight test personnel If it is necessary to evaluate operational aspects 
of the change. Where possible, cockpit arrangement, placards, markings, instrument 
visibility, and light reflections can be evaluated on the ground if the applicant 
opts to darken the windows. Electromagnetic compatibility functional checks, 
windshield glare, and pilot workload evaluations may be conducted in flight at the 
FAA flight test pilot's option. 

(vi) Radio Master Switches. Some installations incorporate radio 
master switches to control special busses for the avionics systems. If this 
capability is provided it should be evaluated to assure failure modes are not 
introduced that will result in excessive or even total loss of all required 
avionics. One switch that controls all required avionics is not considered 
acceptable for IFR installations. The evaluation should include an assessment of 
the loss of the systems to be Included on the radio master switch(es), and the 
subsequent effect on continued safe flight. 

b. Test Procedures. Where the airworthiness or operating regulations require 
a system to perform its intended function, and/or not create a hazard to other 
required systems, sufficient testing should be accomplished to assure satisfactory 
performance. When ground testing is not sufficient to properly evaluate a system's 
performance, flight testing should be accomplished. Acceptable flight test criteria 
for specific navigation and communication equipment are contained herein. If the 
rotorcraft is to be approved for IFR operations, the additional criteria of 
paragraph 775 of this advisory circular should be satisfied. 
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(1) VHF Systems, 
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(1) General. Intelligible communications should be provided between 
the rotorcraft and ground facilities throughout the airspace within 80 nautical 
miles (NM) of an FAA ground facility from radio line of sight altitude to the 
maximum altitude for which the rotorcraft is certificated. Communication should be 
provided with the rotorcraft at or above line of sight altitude In right and left 
bank up to 10° and on all headings. Radio line of sight can be computed from the 
formula d - ,87 (>/2H^ + «[2H„) where d ^ is the distance In nautical miles, H^ is the 
ground antenna height In feet, and Hj is the airborne antenna height In feet. 

(ii) Electromagnetic Compatibility (EMC), With all electrical/ 
electronic systems operating in flight, verify by observation that no adverse 
effects are present. 

(iii) Antenna Measurement. If satisfactory antenna measurement data 
are provided, the following flight test may be reduced to checks in right and left 
turns in the vicinity of the predicted bearings of worst performance. If antenna 
locations are symmetrical, tests may be conducted using only one direction of turn. 

(A) Long Range Reception. Starting at a distance of 80 NM from 
the ground facility antenna, perform a right and/or left 360° turn at a bank angle 
of at least 10°. Communicate with the ground facility every 10* of turn to test the 
intelligibility of the signals received at the ground station and in the rotorcraft. 
For 80 NM, the minimum line of sight altitude Is approximately 4,000 feet. 

(B) Approach Configuration. With the landing gear down and with 
the rotorcraft In the approach configuration (at a distance of 10 NM from the ground 
station and in an idle power descent toward the station), demonstrate intelligible 
communications between the rotorcraft and the ground facility. 

(2) H F Systems. 

(i) Acceptable communications should be demonstrated by contacting a 
ground facility at a distance of at least 80 NM. Single sideband equipment should 
also perform acceptably in the amplitude modulation mode of operation. 

(ii) It should be demonstrated that precipitation static is not 
excessive when the aircraft is flying at cruise speed (in areas of high electrical 
activity, including clouds and rain if possible). Use the minimum amount of 
installed dischargers for which approval is sought. 

(3) yOR Systems. 

(i) These flight tests may be reduced if adequate antenna radiation 
pattern studies have been made and these studies show the patterns to be without 
significant holes (with the rotorcraft configurations used in flight, i.e., landing 
gear retracted en route and extended for approach). Particular note should be made 
in recognition that certain rotor r.p.m. settings may cause modulation of the course 
deviation Indication (rotor modulation). VOR performance should be checked for 
rotor modulation in both approach and en route operation while varying rotor r.p.m. 
throughout its normal range. 
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(ii) The airborne VOR system should operate normally with warning 
flags out of view at all headings of the rotorcraft (in level flight) throughout the 
airspace within 80 NM of the VOR facility while flying above the radio line of sight 
altitude to within 90 to 100 percent of the maximum altitude for which the 
rotorcraft is certified. 

(iii) The accuracy determination should be made such that the indicated 
reciprocals agree within 2°. Tests should be conducted over at least two known 
points on the ground such that data are obtained in each quadrant. Data should 
correlate with the ground calibration and in no case should the absolute error 
exceed +6°. Fluctuation of the course deviation Indication should not be excessive. 

(A) En route Reception. Fly from a VOR facility along a radial 
to a range of 80 NM. The VOR warning flag should not come Into view nor should 
there be deterioration of the station identification signal. The course width 
should be 20° (+5° tolerance, 10° either side at the selected radial). If 
practical, perform en route segment on a doppler VOR station to verify the 
compatibility of the airborne unit. Large errors have been found when 
incompatibility exists. 

(B) Long Range Reception. Perform a 360° right and a 360" left 
turn at a bank angle of at least 10° at an altitude just above radio line of sight 
(see b(l)(a) for line of sight altitude) and at a distance of 80 NM from the VOR 
facility. Signal dropout should not occur as evidenced by the malfunction indicator 
appearance. Dropouts that are relieved by a reduction of bank angle at the same 
relative heading to the station are satisfactory. The VOR identification should be 
satisfactory during the left and right turns. 

(C) En route Station Passage. Verify that the To-From indicator 
correctly changes as the rotorcraft passes through the cone of confusion above a VOR 
facility. 

(4) Localizer Systems. 

(i) Flight test requirements may be modified to allow for adequate 
antenna radiation pattern measurements as discussed under VOR, paragraph 776b(3)(i), 
flight test. 

(II) The signal Input to the receiver presented by the antenna system 
should be of sufficient strength to keep the malfunction indicator out of view when 
the rotorcraft is in the approach configuration and at least 10 NM from the station. 
This signal should be received for 360° of rotorcraft heading at all bank angles up 
to 10" left or right at all normal pitch altitudes, and at an altitude of 
approximately 2,000 feet. 

(iii) The deviation indicator should properly direct the aircraft back 
to course when the rotorcraft is right or left of course. 

(iv) The station identification signal should be of adequate strength 
and sufficiently free from interference to positive station identification, and 
voice signals should be intelligible with all electric equipment operating and pulse 
equipment transmitting. 

(v) Localizer performance should be checked for rotor modulation in 
approach while varying rotor r.p.m. throughout Its normal range. 
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(B) Software. If the functioning of the monitor system depends 
on embedded, airborne software to determine all or part of its functioning, RTCA 
Document DO-178A is the recommended standard to be used for the approval of the 
system software. A further discussion of the use of this document is included in 
paragraph 621. The selection of the software level should be carefully considered 
because system approval is sometimes initially sought o n the basis of the system 
being a nonrequired optional system. If it has further been shown that no 
dependence is made on the system software to preclude a hazardous failure mode, then 
level 3 software would be acceptable. However, it is very difficult to qualify 
software to higher levels of "quality" (i.e., change from level 3 to level 2) once 
the software has been initially certified. Because of this, it is recommended that 
the software be chosen to the level consistent with the ultimate use to which 
approval of the system is planned. If the system is to be approved only as 
nonrequired optional equipment, then the choice of level 3 may be appropriate. 
However, when more experience is gained with the operation of the system, and it is 
ultimately planned to seek approval to perform required functions, then level 2 
software should be initially obtained. 

NOTE: Extensive service experience should not be considered as a basis for 
upgrading the level of criticallty without accomplishing RTCA DO-178A procedures.* 

(20) Night Vision Goggles (NVG). 

(i) Background. Night vision goggles (NVG) have been used by U.S. 
military pilots since the early 1970's. The first units (first generation or GEN I) 
were constructed from the rifle "Sniper-Scopes." These units did not provide much 
light amplification. The second generation (GEN II) were still primarily designed 
for ground use. Second generation high performance units (military designation 
AN/PVS-5C) had some consideration for flight use but were still lacking in several 
aspects. A light level of at least a quarter moon well above the horizon was 
required for operation of these NVG. At first the normally helmet-mounted units 
covered the pilots entire upper face and the pilot could only see through the NVG. 
In order to protect the light amplification system these NVG had an automatic 
shutoff feature when brighter than relatively low levels of light were encountered. 
Normal incandescent and especially red incandescent lights would cause these NVG to 
shut down. Aircraft cockpit lights, especially the red warning lights, would cause 
"blooming" (an increased brightness of all or portions of the NVG field of view with 
the disappearance of the "picture" in that area) or a total shutdown of the NVG. 
Military aircraft cockpits and lighting systems were significantly modified to avoid 
this problem. In the late 1980's the military pushed technology for better and 
aircraft compatible NVG. Third generation (GEN III, military designation ANVIS or 
AN/AVS-6) NVG systems became available about 1988. These systems require only star 
light for satisfactory operation. 

(ii) Procedure. As of January 1990, no approvals for civil helicopter 
operations with NVG have been issued. Since NVG are not installed in the 
helicopter, they are not required to be approved as part of the type design. 

* 
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However, since an operational approval would be required for use of NVG, they should 
meet some acceptable performance standard. The minimum standard recommended is the 
GEN III NVG. The performance of these NVG are rated as their spectral response to 
irradiated light sources, measured as density of incident photons per square meter. 
Figure (776-1) shows a comparison of the spectral performance of GEN II and GEN III 
NVG. Third generation, AN/AVS-6, NVG have been evaluated for compatibility with a 
limited number of helicopters and were generally found to be usable during en route 
operations with no cockpit lighting systems modifications. It is anticipated, 
however, that some aircraft may require significant modification to the existing 
cockpit lighting systems. The FAA policy is that modification of the cockpit to a 
non-compliant configuration to accommodate NVG use is not acceptable. For instance, 
alteration of the required red warning annunciators to some other color is not 
acceptable. Since individual helicopters may have been modified with additional 
lights or systems, each helicopter being considered for use with NVG should be 
evaluated by an FAA representative during a night flight. If it is anticipated that 
cockpit lighting system modifications will be required to achieve an adequate level 
of NVG compatibility FAA Involvement should be arranged as soon as possible. 
Preferably this evaluation flight would be made with two pilots or a pilot and 
safety observer, over a known area, where all the aircraft and cockpit lights are 
operated and their effect on the NVG determined. Reflections of landing or 
searchlights on windshields or other glass during approach or landing may affect NVG 
and may impose a minimum altitude restriction for use of NVG. Failure of the NVG 
should be evaluated during any critical flight phase. 

Note that the above discussion is purposely limited in scope. Issues such as crew 
training and operating limitations would have to be addressed in detail to obtain an 
operational approval. 

(21) Rotorcraft Health and Usage Monitoring Systems (HUMS). 

(i) General. HUMS can be divided into two major categories: Health 
Monitoring Systems and Usage Monitoring Systems. The provisions of § 27.1301 are 
used to determine that the system performs its intended function. The provisions of 
§ 27.1309(a) and (b) are used to look at the impact of environmental conditions and 
malfunctions. To date (mid-1990) HUMS have not been approved to replace service 
life or other specific physical limits but several systems are now In the process of 
seeking approval. Health monitoring systems are considered to be the serious 
applications of this technology, and it will probably be some time before the 
necessary data base to allow full reliance on this technology is available. There 
have been numerous approvals of usage monitoring systems as optional equipment, and 
a good example of this technology is a condition monitoring system described in 
776b(19) above. 

(ii) Health Monitoring Systems. 

(A) It is anticipated these systems will begin as "optional" 
systems In order to build a data base to support expansion of the approval to 
achieve credit for extension of maintenance intervals, and so forth. Some of these 
applications may require system redundancy, and some may require D0178A Level I or 
equivalent software. 
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(B) Some systems that are being considered will utilize off 
aircraft processing of data. If this is to be pursued it should be assumed that the 
aircraft data will be lost or misplaced at the processing center, and the aircraft 
system design should consider this possibility. Some on board data storage is one 
way to account for this lost data. The integrity of the processing center's 
software should be equal to that of the aircraft software. In addition the 
intervals for processing the data from each flight should be specified as part of 
the approval. 

(C) Due to the limited experience with these systems it is 
suggested the issue paper process be utilized to record the progress of the 
approval, and to provide information for later updating of this AC material. 

777. (through Amendment 27-21) STANDARDIZED TEST PROCEDURE FOR HELICOPTER DC 
ELECTRICAL SYSTEM TESTS. 

a. Test Requirements. 

(1) General. The following functions and characteristics are to be 
evaluated: 

<i> Normal System Operation. 

(ii) Parallel Load Division. 

(iii) Excitation. 

(iv) Stabilization. 

(v) Systems Malfunction. 

(vi) Environmental Capability. 

(vii) Electromagnetic Compatibility. 

(viii) Cooling Capability. 

(ix) Surge Characteristics, Ripple Voltage, and Voltage Spikes 

(2) Instrumentation. Calibration records should be available for all 
instrumentation. Enough specific currents and voltages should be recorded to allow 
reconstruction of any sequence of events that would happen as a result of any system 
testing described herein. 
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(3) Regulatory References. Sections 27.1301, 27.1307(c), (d), (e), 

27.1309, 27.1351, 27.1353, 27.1357, 27.1361, 27.1365, and 27.1367. 

(4) Miscellaneous. The assigned FAA systems and equipment engineer 
normally witnesses these tests and should be notified as far in advance of the 
testing as possible to minimize scheduling problems. Conformity of the test setup 
must be established prior to conducting any testing. Most of the above test 
categories can be conducted on a bench test setup. A bench test setup is especially 
recommended in the case of the system malfunction test. It is the applicant's 
option to demonstrate his equipment either on the bench or installed for ground 
tests. When a bench setup is used, It should represent the actual aircraft 
installation to the extent that components and wiring (type, gage, and length) are 
duplicated. Some retesting may be necessary on the aircraft to verify the bench 
test results. 

b. Ground and Bench Test Procedures. 

CAUTION: Prior to disconnecting the battery and removing or adding large loads, 
either isolate the avionics systems or assure that transients induced are within 
limits of the avionics equipment. 

(1) Normal System Operation. 

NOTE: Equipment should be operated for at least 10 minutes prior to each test as a 
warmup. 

(i) Minimum electrical load for paralleling and minimum engine r.p.m. 

(11) Vary r.p.m. of all engines from low to high and back to low. 

(iii) Repeat b(l)(ii) for 50 percent of maximum and maximum electrical 
loads. 

r.p.m. 

(2) Parallel Load Division (if multiengine). 

(i) Minimum electrical load for paralleling and minimum engine r.p.m. 

(ii) Fifty percent of maximum electrical load and minimum engine 

(ill) Maximum electrical load and minimum engine r.p.m. 

(iv) Minimum electrical load for paralleling, vary No. 1 engine r.p.m. 
from low to high and back to low while holding the r.p.m of the other engine at 
minimum (low). 

(v) Repeat b(2)(iv) for each other engine on the helicopter. 

(vi) Repeat b(2)(iv) and b(2)(v) procedures with 50 percent of maximum 
electrical load. 

(vii) Repeat b(2)(iv) and b(2)(v) procedures with a maximum electrical 
load. 
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crew response to the situation. Combinations of undetected failures should be 
considered. Engine failures which may be escalated in severity by the FADEC's 
response to the initial failure should be analyzed. Potentially hazardous failures 
should be evaluated during flight testing. The requirements of § 29.903(b)(2) and 
§ 27.1309(b)(2)(i) should be reviewed in determining acceptability of failures. 

(ill) Section 29.903(b)(2), Category A engine isolation, is intended to 
ensure that a failure will not prevent the continued safe operation of the remaining 
engine(s) or require Immediate action of the crew to ensure continued safe 
operation. The FADEC's of the individual engines should be independent. Where 
communication between FADEC's is required (for example, for torque sharing), care 
should be exercised to ensure that failures which may occur will not result in a 
power loss to the extent that total power available is less than would be available 
under OEI conditions. The no-required-immediate-crew-action provision would 
preclude credit for manually selected or operated backup systems in meeting the 
§ 29.903(b) rule. These unrequired backup systems, which may offer the advantage of 
get-home multiengine capability rather than forced OEI operation, would be evaluated 
on a no hazard basis. 

(iv) Section 27.939, turbine engine operating characteristics, intends 
a flight investigation to ensure that no adverse characteristics are present to a 
hazardous degree during normal and emergency operation in the allowed flight 
envelope. The evaluation should include assessment of the minimum FADEC system 
certification configuration; i.e., the minimum proposed by the applicant to meet 
Part 27 requirements. Reduced capabilities (e.g., restrictions on normal collective 
movements, limited aircraft maneuvers, etc.) may be acceptable for degraded FADEC 
modes or backup systems not required to meet Part 27 requirements if those degraded 
capabilities are reasonable and not hazardous as determined by flight evaluation. 
The restrictions should be specified in the flight manual. 

(v) The rotorcraft with FADEC engines must of course meet all of the 
Part 27 requirements, but the areas described herein are those which deserve special 
attention. 
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NOTE: This paragraph has been extensively revised and expanded to clarify the 
restricted category certification of agricultural dispensing equipment installations 
on rotorcraft. 

a. Explanation. In the early development of the helicopter one of its primary 
usages was agricultural operation. The FAA recognized that the existing 
requirements, which were designed primarily to establish an appropriate level of 
safety for passenger-carrying aircraft, imposed an unnecessary economic burden and 
were unduly restrictive for the manufacture and operation of aircraft intended only 
for use In rural, sparsely settled areas. Therefore, a special document that 
established new standards for agricultural dispensing equipment and other special 
purposes was developed. Restricted Category CAM 8 became effective 
October 11, 1950. 

(1) During the recodification of 1965, CAR 8 ceased to exist as a 
regulatory basis and selected portions addressing certification were incorporated 
into FAR 21. While the specific standards in CAR 8 were not changed substantially 
when adopted into FAR 21, the less restrictive philosophy of CAM 8 and the policy 
material that was stated in the preamble to CAM 8 was not clearly conveyed. 

(2) Advisory material published in 1965 and revised in 1975, summarized 
the information contained in the advisory portions of CAM 8. This new advisory 
material indicated that the CAM advisory material would be applicable to the related 
FAR's. Unfortunately, this document specified that CAM 8 could be used in 
conjunction with certain FAR's for restricted category certification of small 
agricultural airplanes only. Rotorcraft were omitted. 

(3) A survey of restricted category rotorcraft projects related to 
agricultural modifications indicates that the CAM 8 philosophy was interpreted to 
allow the use of AC 43.13-2A structural criteria for most STC's issued through the 
early 1980's. Since then more restrictive guidance based on CAR 6 and FAR 27 
requirements has been applied by some ACO's to several STC applications. Since the 
more restrictive guidance imposed a significant economic burden on the Industry, the 
HAI requested a meeting with the FAA during the 1990 annual convention in Dallas. 
As a result of the meeting, an Action Notice to clarify the interpretation of 
FAR 21.25(a)(1) for restricted category aircraft has been issued. 

(4) The following advisory material is a result of a reassessment of past 
and present policy. 
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b. Procedures. The certification basis for agricultural dispensing equipment 
in the restricted category is FAR 21.25(a)(1) as interpreted by Action 
Notice 8110.22. The accountable Directorate guidance for the substantiation 
requirements for helicopters is as follows: 

(1) Substantiation of the agricultural dispensing system hoppers or spray 
tanks to the load factors provided in Figure 785-1 provides for proof of structure. 
The load factors of Figure 785-1 address the critical structural load conditions of 
dispensing equipment mounted in or near the fuselage and provide adequate margins of 
safety. 

FIGURE 785-1 
ACCEPTABLE ULTIMATE LOAD FACTOR FOR 

AGRICULTURAL DISPENSING EQUIPMENT DESIGN 

UP DOWN SIDE FORWARD AFT 

Tanks & Equipment Mounted 
In Or Near The Fuselage 

Spray Booms 

1.5g 

1.5g 

4.0g 

2.5g 

2.0g 4.0g 
Note 1 

Note 1 2.5g 
Note 2 

Note 1: A n ultimate load factor of 2 G's is acceptable for externally side or under 
fuselage mounted tank and forward mounted spray booms where failure in a minor crash 
landing will not create a hazard to occupants or prevent exit from the helicopter. 

Note 2: The aft loads for spray booms may be developed by the applicant based on 
the 111 percent of V n e for which certification is requested or the load factors of 
Figure 785-1, whichever is greater. 

(2) The applicant may elect to substantiate his product by either static 
or dynamic testing, by analysis, or any combination thereof. 

(3) Lower load factors may be used only when justified by manufacturer's 
data, rational analysis, or actual rotorcraft flight and ground load demonstrations. 

(4) Tank pressure test, while not mandated, is recommended for safety 
reasons. A n acceptable procedure is included in paragraph c(4). 

Chap 3 
Par 785 

1415 



AC 27-1, CHG 3 9/12/91 

(5) Dispensing equipment installation attach points. If attach points 
exist which are an integral part of the helicopter and these attach points have been 
certified to the standard category requirements no further substantiation of the 
attach point is required if an analysis indicates the dispensing system does not 
impose loads which exceed those for standard category certification. 

(6) Ground clearance for dispensing equipment installation. A 5-inch 
ground clearance has typically been used for skid gear equipped helicopters which 
Incorporate belly mounted supply tanks/hoppers or systems which have dual side 
mounted supply tanks/hoppers and the design incorporates cross tubes or other system 
components which are located beneath the bottom of the fuselage when these 
components are rigidly attached to the airframe structure. The 5-inch dimension Is 
measured vertically from the ground to the lowest point of the installed system, 
with the helicopter in its operational configuration and gross weight (including 
disposable load) and while resting on a smooth, level asphalt surface. For 
helicopters equipped with wheels and/or landing gear struts, the maximum system 
deflections should be considered when determining the 5 inches of acceptable static 
ground clearance. The 5-inch ground clearance would only apply to original 
configuration of newly manufactured helicopters. However, a 3-inch ground clearance 
has been found acceptable and may be approved for skid gear equipped helicopters to 
account for the in-service permanent set allowed for skid gear members, (i.e., cross 
tube deflections allowed per the maintenance manual). Cable supported systems, 
(i.e., cargo hook installations) or dispensing systems utilizing flexible ducts 
(certain types of dry material dispensing equipment which may or may not be 
retractable) have been approved even though portions of the system may contact the 
surface during a normal landing. 

(7) A number of rotorcraft are approved for external cargo operations that 
allow a gross weight higher than the approved internal gross weight limit. This 
difference is usually due to the allowable weight limit restriction of the landing 
gear. (The gear Is not approved for the higher weight.) Those types of dispensing 
equipment, that can be loaded in flight to a weight that exceeds the allowable limit 
of the landing gear should Incorporate a reliable means that rapidly reduces the 
total aircraft gross weight to within allowable landing gear limits. In most cases, 
this will involve jettison of the disposable load. The time interval for this 
operation should be demonstrated, and should not exceed a recommended 3 seconds from 
a level flight condition. 
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(8) A flight check or demonstration of the agricultural dispensing 
equipment installation is normally conducted. This flight check should also 
qualitatively determine that no hazardous deflection or resonance in the helicopter 
or dispensing system exists. This flight check should be conducted in accordance 
with the requirements of FAR 133.41. 

(9) For rotorcraft certificated in dual categories, the inspection 
requirements of FAR 21.187(b) must be observed when converting from restricted to 
normal category. 

c. Acceptable Means of Compliance. 

(1) Analysis Method. Structural analysis (static) may be used if the 
structure is of a configuration for which experience has shown the method to be 
reliable. Structural substantiation of tanks that are designed to contain liquid 
materials may be accomplished by pressure testing. For tanks or hoppers designed to 
contain dry material, (e.g., dust or fertilizer) static load tests may be used to 
verify structural integrity. The tank/hopper, mounting hardware, and support 
structure should all be substantiated to the load conditions specified by this 
paragraph considering the effects of internal fluid pressures when applicable. 

(2) Static Tests. Static tests of tank/hoppers, mounting hardware, and 
support structure for each critical load condition may be accomplished using 
conventional techniques; such as, dead weight loading, whiffletree systems, and 
hydraulic rams. If tests of the tank and its mounting hardware are conducted using 
a test fixture representing the helicopter, the helicopter support structure may be 
substantiated independently by means of test and/or analysis. Static test loads 
should be applied in combination with associated internal fluid pressure loadings. 
The ultimate loads specified in Paragraph 785 should be sustained for at least 3 
seconds without failure. 

(3) Dynamic Tests. 

(i) If the applicant elects to test to the load factors noted herein, 
the maneuvering and gust loadings will be considered to be adequately substantiated. 
For each condition, the critical volume and density of fluid should be used. 

(ii) The tank and mounting hardware should support ultimate loads 
without detrimental permanent set or failure, respectively. The helicopter support 
structure may be included in the dynamic tests, or it may be substantiated 
separately via static test and/or analysis for each condition specified by this 
paragraph. * 

Chap 3 
Par 785 

1417 



AC 27-1, CHG 3 9/12/91 

(4) Pressure Testing. Internal pressure loads may be applied using the 
water standpipe technique. Standpipe water height should be accurately computed for 
each critical spray tank static test loading. Pressure testing of spray tanks is 
not absolutely essential but is recommended for safety reasons. This testing will 
also determine whether the joints and connections are tight and will not leak In 
addition to determining any weak spots in the construction. Where spraying is done 
with highly volatile and flammable liquids, or where the tank has a return line, 
such as in an engine oil tank where the fluid is pumped back into the tank, it is 
recommended that the tank be tested for a pressure of 5 pounds per square inch. For 
other liquids, and where no fluid return line is used, testing to 3 1/2 pounds per 
square Inch should be satisfactory. There are many ways of pressure testing a tank, 
however, it is believed that the simplest and easiest method is to fill the tank 
with water and use a standpipe filled with water. A 1 1/8-inch pipe can be 
connected to the venting tube or one adapted to the filler opening. In either case 
the height of the pipe would be the same. For a 3 1/2 psi test of the tank the 
height of the water in the pipe would only need to be 8 feet and for a 5 psi test 
only an 11 1/2-foot height of water will be needed. 

1417-1 Chap 3 
Par 785 



9/12/91 AC 27-1, CHG 3 

6' 
OR 

II fc' 

TA iM % 

Figure 785-2. Sketch of Tank Pressure Test 
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786. EMERGENCY MEDICAL SERVICE (EMS') SYSTEMS. INSTALLATIONS. INTERIOR 
ARRANGEMENTS. AND EQUIPMENT. 

a. Explanation. This paragraph pertains to EMS configurations and associated 
rotorcraft airworthiness standards. EMS configurations are usually unique interior 
arrangements that are subject to the appropriate airworthiness standards, FAR Part 
27 or its predecessor CAR Part 6, to which the rotorcraft was certificated. No 
relief from the standards is intended except by § 21.21(b)(1) or exemption. EMS 
configurations are seldom, if ever, done by the original manufacturer. 

(1) The FAA has not specified in the airworthiness or operating rules the 
minimum equipment for an EMS configuration. Whatever equipment is presented for 
evaluation and approval is subject to compliance with the airworthiness standards. 
Any equipment that is not essential to safe operation of the aircraft is evaluated 
for a "no hazard approval;" i.e., it is optional equipment and may be approved 
provided the use, operation, and possible failure modes of the equipment are not 
hazardous to the aircraft. Safe flight, safe landing, and prompt evacuation of the 
rotorcraft, in the event of a minor crash landing for any reason, are the objectives 
of the FAA evaluation of interiors and equipment unique to EMS. 

(1) For example, a rotorcraft equipped only for transportation of a 
nonambulatory person (a police helicopter with one litter) as well as a rotorcraft 
equipped with multiple litters and complete life support systems and two or more 
trained attendants/medical personnel may be submitted for approval. These 
configurations will be evaluated to the airworthiness standards appropriate to the 
rotorcraft certification basis. 

(ii) Normal category rotorcraft should comply with flightcrew and 
passenger safety standards which result in certain features of the basic certified 
rotorcraft which are related to the arrangement, to the doors and emergency exits, 
and to occupant protection. Compliance with the airworthiness standards results in 
placards or markings for doors and exits, exit size, exit quantity and location, 
exit access, safety belts, and possibly shoulder harnesses or other restraint or 
passenger protection means as a part of a rotorcraft type design. These features, 
including any placards and markings which are required to be a part of the 
rotorcraft type design, should be retained unless specific replacements or alternate 
designs are necessary for the EMS configuration to comply with the airworthiness 
standards. 

(2) Many EMS configurations of normal rotorcraft are equipped with the 
following: 

(i) Attendant/medical personnel seats, which may swivel, 

(ii) Multiple litters, some of which tilt, 

(ill) Medical equipment stowage compartments, 

(iv) Life support and other complex medical equipment, 

(v) Incubators for infants. 
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(D) Precautions. The referenced SAE report contains precautions 
peculiar to a liquid oxygen installation, and this material should be reviewed. It 
should also be emphasized that liquid oxygen equipment and the aircraft being 
serviced must be electrically grounded during servicing to prevent an accumulation 
of static electricity and discharge. The following considerations are included for 
special emphasis: 

(J.) System Cleanliness. The completed installation shall be 
free of oil, grease, fuels, water, dust, dirt, objectionable odors, or any other 
foreign matter, both internally and externally prior to introducing oxygen In the 
system. 

(2) Closures. Lines which are required to be disconnected, due 
to the location of the converter within the rotorcraft during rotorcraft maintenance 
checks or overhaul, should be capped to prevent materials which are incompatible 
with oxygen from entering the system when the system integrity is broken. Caps 
which introduce moisture and tapes that leave adhesive deposits shall not be used 
for these purposes. All openings of lines and fittings shall be kept securely 
capped until closed within the installation. 

(3) Degreasing. All components of the oxygen system should be 
procured for oxygen service use in an "oxygen clean" condition. Parts of the oxygen 
system, such as tubing, not specifically covered by cleaning procedures should be 
degreased using a vapor phase trichloroethane degreaser. Ultrasonics may be used in 
conjunction with vapor phase degreasing for the cleaning of components. 

(k) Purging. The system should be purged with hot, dry 99.5 
percent pure oxygen gas in accordance with the manufacturers recommendations after: 

(4) Initial assembly of the oxygen system; and 

(ji) After system closure whenever the oxygen system pressures 
have been depleted to zero, or the system has been left open to atmospheric 
conditions for a period of time or is opened for repairs. 

(5) Maintenance and Replacement. All parts of the oxygen system 
should be installed to permit ready removal and replacement without the use of 
special tools. All tubing connections and fittings should be readily accessible for 
leak testing with a leak test compound formulated for leak testing oxygen systems 
and for tightening of fittings without removal of surrounding parts, 

(ii) Gaseous Oxygen. 

(A) General. This guidance is intended to supplement the 
existing guidance in AC 43.13-2A, Chapter 6. If there are any differences within 
the two AC's, this guidance should prevail since it pertains specifically to Part 27 
requirements. 
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(B) System Components. 

(1) High Pressure Cylinders. Many installations utilize 
hospital type cylinders rather than aviation type cylinders. A concern with the 
hospital type cylinders is the yoke and the hard plastic washer that is commonly 
used with these cylinders. It is very difficult to properly attach these yokes 
since the helicopter provides a high vibration environment and no positive lock Is 
provided. Leaks are a continuous problem with this configuration. Yokes are 
available for these bottles that provide for a positive lock. Improved washers that 
provide for a good elastometric seal and include a metal ring to limit crushing the 
washer are also available. If the hospital type bottles are to be used, only the 
modified yokes and improved seals should be considered for future installations. 
The preferred cylinder is the aviation type cylinder with the integral shut-off 
valve and regulator. All cylinders should be DOT approved, 

(2) Lines. 

(1) General. Any lines that pass through potential fire zones 
should be stainless steel. 

(ii) High Pressure. Use of high pressure lines may be 
necessitated by the use of a pressure regulator that is remote from the cylinder. 
The intent is to locate the regulator as close as physically possible to the 
cylinder, and to minimize the use of fittings. Lines of 6-inch lengths are 
encouraged with 18-inch lengths being the maximum in unusual circumstances. Lines 
made of stainless steel are recommended. 

(iii) Low Pressure. Although lines may only be subjected to low 
pressures, if they are located behind upholstery or for any reason are not 100 
percent visible during normal operation, they should be solid metal lines or high 
pressure flexible lines such as Aeroquip 300 series hose or Stratoflex 124 or 170 
series hose assemblies. The so called "green lines" should only be used In 
locations that are 100 percent visible during normal operation. This would restrict 
their use to the run between the mask and the bulkhead disconnect in the aircraft 
cabin. Synthetic lines such as plastic, nylon, or rubber cannot be recommended for 
applications that will be exposed to continuous pressure (i.e., as opposed to 
pressurized when needed). These materials can cold flow. 

(3) Fittings. 

(i) High Pressure. Intercylinder connections are made with 
regular flared or flareless tube fittings with stainless steel. Usually fittings 
are of the same material as the lines. Mild steel or aluminum alloy fittings with 
stainless steel lines are discouraged. Titanium fittings should never be used 
because of a possible chemical reaction and resulting fire. 
A n example of a series of fittings that has been accepted is the "SS" series 
Swagelok tube fittings (flareless). 

(ii) Low Pressure. Fittings for metallic low pressure lines are 
flared or flareless, similar to high pressure lines. Line assemblies should be 
terminated with "B" nuts in a similar manner to a manufactured terminating 
connection. Universal adapters (AN 807) or friction nipples used in conjunction 
with hose clamps are not accepted for use in pressurized oxygen systems. 
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k 788. SUBSTANTIATION O F COMPOSITE ROTORCRAFT STRUCTURE 

a. Reference FAR Sections §§ 27.305, .307, .571, .603, .605, .609, .610, .611, 
.613, .629, .923, .927, .931, .1529 and Appendix A. 

b. Purpose. These substantiation procedures provide a more specialized 
supplement to the general procedures outlined by AC 20-107A, "Composite Aircraft 
Structure." These procedures address substantiation requirements for composite 
material system constituents, composite material systems, and composite structures 
common to rotorcraft. A uniform approach to composite structural substantiation is 
desirable, but it is recognized that in a continually developing technical area 
which has diverse industrial roots, both in aerospace and in other industries, some 
variations and deviations from the procedures described herein will be both 
necessary and acceptable. Significant deviations from this material should be 
coordinated in advance with the Rotorcraft Directorate. 

c. Special Considerations. Since rotorcraft structure Is configured uniquely 
and is Inherently subjected to severe cyclic stresses, special consideration is 
required for the substantiation of all rotorcraft structure, including composites. 
This special consideration is necessary to ensure that the level of safety intended 
by the current regulations is attained during the type certification process for all 
structure with special emphasis on composite structure because of its unique 
structural characteristics, manufacturing quality and operational considerations, 
and failure mechanisms. 

d. Background. 

(1) Historically, rotorcraft have required unique, conservative structural 
substantiation because of unique configuration effects, unique loading 
considerations, severe fatigue spectrum effects, and the specialized comprehensive 
fatigue testing required by these effects. Rotorcraft structural static strength 
substantiation for both metal and composite structure is essentially identical to 
that for fixed wing structure once basic loads have been determined. However, 
rotorcraft structural fatigue substantiation for metals is significantly different 
from fixed wing fatigue substantiation. Since AC 20-107A, as developed, applies to 
both fixed wing aircraft and rotorcraft; It, of necessity, was finalized in a broad 
generic form. Accordingly, a need to supplement AC 20-107A for rotorcraft was 
recognized during type certification programs. One significant difference in 
traditional rotorcraft fatigue substantiation programs and fixed wing fatigue 
programs is the use of multiple full-scale specimen fatigue tests for rotorcraft 
programs rather than just one full-scale specimen test. Also, constant amplitude, 
accelerated load tests are typically used rather than spectrum tests because of the 
high frequency loads common to rotorcraft operations. These rotorcraft fatigue 
tests have traditionally involved the generation of stress versus life or cycle 
(S-N) curves for each critical part (most of which are subjected to the cyclic 
loading of the main or tail rotor system) using a monotonic (sinusoidal) fatigue 
spectrum based on maximum and minimum service stress values. Unless configuration 
differences or flight usage data dictate otherwise, the monotonic fatigue spectrum's 
period is typically based on six ground-air-ground (GAG) cycles for each flight hour 
of operation. The S-N curves for the substantiation of each detailed part are 
typically generated by plotting a curved line through three data points (reference 
draft AC 29-571-X, "Fatigue Evaluation of Transport Category Rotorcraft Structure 
(Including Flaw Tolerance)"). The three data points selected are a short specimen 
life (low cycle fatigue), an intermediate specimen life and a long specimen life 
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(high cycle fatigue). Each raw data point is generated by monotonically fatigue 
testing at least two full-scale specimens (parts) to failure or run out for each 
data point on the S-N curve. The raw data point values are then reduced by an 
acceptable statistical method to a single value for plotting to ensure proper 
reliability of the associated S-N curve. Order 8110.9, "Handbook on Vibration 
Substantiation and Fatigue Evaluation of Helicopter and Other Power Transmission 
Systems" and AC 27.571 contain comprehensive discussions of the S-N curve generation 
process. The rotorcraft S-N curve process contrasts sharply with the fixed wing 
process of using a single full-scale fatigue article (usually an entire wing or 
airframe, which constitutes a single full-scale assembly data point), generic 
material or full-scale assembly S-N data (e.g., MIL-HDBK-5D for metals, MIL-HDBK-17B 
for composites, or AFS-120-73-2 for full-scale assemblies), a non-monotonic spectrum 
and relatively large scatter factors to verify or determine the design fatigue life 
of the full-scale airplane. 

(2) Also, rotorcraft have employed and mass produced composite designs in 
primary structure (typically main and tail rotor blades) since the early 1950's. 
This was 10 or more years before composites were type certificated for primary 
fixed-wing structure in either military or civil aircraft applications (with some 
notable limited production exceptions, such as the Wlndecker fixed wing aircraft). 
In any case, the early 1950 period was well before a clear, detailed understanding 
of composite structural behavior (especially In the areas of macroscopic and 
microscopic failure mechanisms and modes) was relatively common and readily 
available in a usable format for the average engineer working in this field. It 
also predated the initial issuance of AC 20-107. Currently, much composite design 
information is proprietary, either to government, industry or both, and many data 
gathering methods have not been completely standardized. Consequently, a 
significant variation from laboratory to laboratory in material property value 
determination methods and results can exist. The early rotor blade designs (as well 
as current designs) are by nature relatively low strain, tension structure designs. 
Also, by nature, these designs are not damage or flaw critical. Thus by 
circumstance as much as design, early composite rotor blade and other composite 
rotorcraft designs incorporated an acceptable fatigue tolerance level of safety. In 
the 1980's, more test data, analytical knowledge, and analytical methodology became 
available to more completely substantiate a composite design. Current FAR's 27 and 
29 contain many sections (reference paragraph a.) to be considered in substantiating 
composite rotorcraft structure, but this advisory material is needed to supplement 
the general guidance of AC 20-107A by providing specific rotorcraft guidance for 
obtaining consistent compliance with FAR sections applicable to rotorcraft. 

e. Definitions. The following basic definitions are provided as a convenient 
reading reference. MIL-HDBK-17, and other sources, contain more complete glossaries 
of definitions. 

(1) AUTOCLAVE• A closed apparatus usually equipped with variable 
conditions of vacuum, pressure and temperature. Used for bonding, compressing or 
curing materials. 

(2) ALLOWABLES. Both A- basis and B- basis values statistically derived 
and used for a particular composite design 
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(3) BALANCED LAMINATE. A composite laminate In which all laminae at 
angles other than 0 degrees occur only in ± pairs (not necessarily adjacent). 

(4) A-BASIS ALLOWABLE. The "A" mechanical property value is the value 
above which at least 99 percent of the population of values is expected to fall, 
with a confidence of 95 percent. 

(5) B-BASIS ALLOWABLE. The "B" mechanical property value is the value 
above which at least 90 percent of the population of values is expected to fall, 
with a confidence of 95 percent. 

(6) BOND. The adhesion of one surface to another, with or without the use 
of an adhesive as a bonding agent. 

(7) COCURE. The process of curing several different materials In a single 
step. Examples include the curing of various compatible resin system pre-pregs, 
using the same cure cycle, to produce hybrid composite structure or the curing of 
compatible composite materials and structural adhesives, using the same cure cycle, 
to produce sandwich structure or skins with integrally molded fittings. 

(8) CURE. To change the properties of a thermosetting resin irreversibly 
by chemical reaction; i.e., condensation, ring closure, or addition. Cure may be 
accomplished by addition of curing (crosslinking) agents, with or without catalyst, 
and with or without heat. 

(9) DELAMINATION. The separation of the layers of material in a laminate. 

(10) DISBOND. A lack of proper adhesion in a bonded joint. This may be 
local or may cover a majority of the bond area. It may occur at any time in the 
cure or subsequent life of the bond area and may arise from a wide variety of 
causes. 

(11) FIBER. A single homogeneous strand of material, essentially 
one-dimensional in the macro-behavior sense, used as a principal constituent in 
advanced composites because of its high axial strength and modulus. 

(12) FIBER VOLUME. The volume of fiber present in the composite. This is 
usually expressed as a percentage volume fraction or weight fraction of the 
composite. 

(13) FILL. The 90 degree yarns in a fabric, also called the woof or weft. 

(14) GLASS TRANSITION. The reversible change in an amorphous polymer or In 
amorphous regions of a partially crystalline polymer from (or to) a viscous or 
rubbery condition to (or from) a hard and relatively brittle one. 

(15) GLASS TRANSITION TEMPERATURE. The approximate midpoint of the 
temperature range over which the glass transition takes place. 

(16) HYBRID. Any mixture of fiber types (i.e., graphite and glass). 

(17) IMPREGNATE. A n application of resin onto fibers or fabrics by several 
processes: hot melt, solution coat, or hand lay-up. 
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(18) LAMINA. A single ply or layer in a laminate in which all fibers have 
the same fiber orientation. 

(19) LAMINATE. A product made by bonding together two or more layers or 
laminae of material or materials. 

(20) LOW STRAIN LEVEL. As used herein, is defined as a principal, elastic 
axial gross strain level, that for a given composite structure provides for no flaw 
growth and thus provides damage tolerance of the maximum defects allowed during the 
certification process using the approved design fatigue spectrum. 

(21) MATERIAL SYSTEM CONSTITUENT. A single constituent (Ingredient) chosen 
for a material system (e.g., a fiber, a resin). 

(22) MATERIAL SYSTEM. The combination of single constituents chosen (e.g., 
fiber and resin). 

(23) MATRIX. The essentially homogeneous material in which the fibers or 
filaments of a composite are embedded. The resins used in most aircraft structure 
are thermoset polymers. • 

(24) MAXIMUM STRUCTURAL TEMPERATURE. The temperature of a part, panel or 
structural element due to service parameters such as incident heat fluxes, 
temperature, and air flow at the time of occurrence of any critical load case, 
(i.e., each critical load case has an associated maximum structural temperature). 
This term is synonymous with the term "maximum panel temperature." 

(25) POROSITY. A condition of trapped pockets of air, gas, or void within 
a solid materials, usually expressed as a percentage of the total nonsolid volume to 
the total volume (solid + nonsolid) of a unit quantity of material. 

(26) PRE-PREG, PREIMPREGNATED. A combination of mat, fabric, nonwoven 
material, tape, or roving already impregnated with resin, usually partially cured, 
and ready for manufacturing use in a final product which will involve complete 
curing. Pre-preg is usually drapable, tacky and can be easily handled. 

(27) RESIN. A n organic material with indefinite and usually high molecular 
weight and no sharp melting point. 

(28) RESIN CONTENT. The amount of matrix present in a composite either by 
percent weight or percent volume. 

(29) SECONDARY BONDING. The joining together, by the process of adhesive 
bonding, of two or more already-cured composite parts, during which the only 
chemical or thermal reaction occurring is the curing of the adhesive itself. The 
joining together of one already-cured composite part to an uncured composite part, 
through the curing of the resin of the uncured part, is also considered for the 
purposes of this advisory circular to be a secondary bonding operation. (See 
COCURING). 

(30) SHELF LIFE. The length of time a material, substance, product, or 
reagent can be stored under specified environmental conditions and continue to meet 
all applicable specification requirements and/or remain suitable for its intended 
function. 
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(31) STRAIN LEVEL. As used herein, Is defined as the principal axial gross 
strain of a part or component due to the principal load or combinations of loads 
applied by a critical load case considered in the structural analysis (e.g., 
tension, bending, bending-tension, etc.). Strain level Is generally measured in 
thousandths of an inch per unit inch of part or microinches/per inch (e.g., 
.003 in/in equals 3000 microinches/Inch). 

(32) SYMMETRICAL LAMINATE. A composite laminate in which the ply 
orientation is symmetrical about the laminate midplane. 

(33) TAPE. Hot melt impregnated fibers forming unidirectional pre-preg. 

(34) THERMOPLASTIC. A plastic that repeatedly can be softened by heating 
and hardened by cooling through a temperature range characteristic of the plastic, 
and when in the softened stage, can be shaped by flow into articles by molding or 
extrusion. 

(35) THERMOSET (OR CHEMSET). A plastic that once set or molded cannot be 
re-set or remolded because it undergoes a chemical change; (i.e., it is 
substantially infusible and insoluble after having been cured by heat or other 
means). 

(36) WARP. Yarns extended along the length of the fabric (in the 0 degree 
direction) and being crossed by the fill yarns (90 degree fibers). 

(37) WORK LIFE. The period during which a compound, after mixing with a 
catalyst, solvent, or other compounding constituents, remains suitable for its 
intended use. 

f. RELATED REGULATORY AND GUIDANCE MATERIAL. 

Document Title 

(1) AC 20-95 "Fatigue Evaluation of Rotorcraft 

Structure 

(2) AC 20-107 "Composite Aircraft Structure" 

(3) AC 21-26 "Quality Control for the Manufacture 
of Composite Materials" 

(4) MIL-HDBK-17B (28 Feb 88) "Polymer Matrix Composites 
Volume 1: Guidelines" 

g. PROCEDURES FOR SUBSTANTIATION O F ROTORCRAFT COMPOSITE STRUCTURE. The 
composite structures evaluation has been divided into eight basic regulatory areas 
to provide focus on relevant regulatory requirements. These eight areas are: (1) 
fabrication requirements; (2) basic constituent, pre-preg and laminate material 
acceptance requirements and material property determination requirements; 
(3) protection of structure; (4) lightning protection; (5) static strength 
evaluation; (6) damage tolerance and fatigue evaluation; (7) dynamic loading and 
response evaluation; and (8) special repair and continued airworthiness 
requirements. Original as well as alternate or substitute material system 
constituents (e.g., fibers, resins, etc.), material systems (combinations of 
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constituents and adheslves), and composite designs (laminates, cocured assemblies, 
bonded assemblies, etc.) should be qualified in accordance with the methodology 
presented in the following paragraphs. Each regulatory area will be addressed in 
turn. It is important to remember that proper certification of a composite 
structure is an incremental, building block process which involves phased FAA 
involvement and Incremental approval in each of the various areas outlined herein. 
It is strongly recommended that a FAA certification team approach be used for 
composite structural substantiation. The team should consist of FAA engineering, 
the MIDO inspector(s), the associated Designated Engineering Representatives 
(DER's), the associated Designated Manufacturing Inspection Representatives 
(DMIR's), and cognizant members of the applicant's organization. Personnel who are 
composites specialists (or are otherwise knowledgeable In the subject) should be 
primary team member candidates. Once selected, it is recommended that team meetings 
be held periodically (possibly in conjunction with type boards) during certification 
to ensure the building block certification process Is accomplished as intended. 

(1) The first area is the fabrication requirements of § 27,605: 

(i) The quality control system should be developed considering the 
critical engineering, manufacturing, and quality requirements and a guidance 
standard such as AC 21-26, "Quality Control For the Manufacture of Composite 
Materials." This ensures that all special engineering, or manufacturing quality 
instructions for composites are presented, evaluated, documented, and approved, 
using drawings, process and manufacturing specifications, standards, or other 
equivalent means. This should be one of the early phases of a composite structure 
certification program, since this represents a major building block for sequential 
substantiation work. 

(II) Specific allowable defect limits on, for example, fiber waviness : 

warp defects, fill defects, porosity, hole edge effects, edge defects, resin 
content, large area debonds, and delamlnatlons, etc., for a particular material 
system component, laminate design, detailed part, or assembly should be jointly 
established by engineering, manufacturing, and quality and the associated inspection 
programs for defect detection created, validated, and approved. Each critical 
engineering design should consider the worse-case effects of the manufacturing 
process (maximum waviness, dlsbonds, delamlnatlons, and other critical defects) 
allowed by the reliability limitations of the approved inspection program. 

(iii) If bonds or bond lines such as those typical of helicopter rotor 
blade structure are used, special inspection methods, special fabrication methods or 
other approved verification methods (e.g., engineering proof tests, reference 
paragraph g(5)) should be provided to detect and limit dlsbonds or understrength 
bonds. 

(iv) Structurally critical composite construction fabrication process 
and procurement specifications, for fabricating reproducible and reliable structure, 
must be provided and FAA approved early during the certification process and should, 
as a minimum, cover the following: 
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(A) Vendor and Qualified Parts List (OPL1 Control. Applicants 
should be able to demonstrate to FAA certification team members (both the 
manufacturing and inspection district office (MIDO) and FAA engineering) at any 
time, that their quality control systems ensure on a continuous basis, that only 
qualified suppliers provide the basic material constituents or material systems 
(e.g., pre-pregs) that meet approved material specifications. Recommended 
guidelines for qualification of alternate material systems and suppliers are 
contained in MIL-HDBK-17B, Volume I, Section 2.3.2. These methods can also be used, 
periodically for qualification status renewals of existing material systems and 
suppliers. 

(B) Receiving Inspection and In Process Inspection. Applicants 
should be able to demonstrate to FAA certification team members (both MIDO and 
engineering), at any time, that their receiving and in-process quality control 
systems provide products which continuously meet approved material and process 
specifications. Quality systems should be designed with appropriate checks and 
balances, such that the necessary statistical reliability and confidence levels for 
the items being inspected (that are specified by engineering) are continuously 
maintained. This will require periodic standard inspections and engineering 
characterization tests on basic constituent and material system samples which should 
be conducted, as a minimum, on a batch-to-batch basis. The periodic testing 
necessary to maintain the quality standard should be conducted by the applicants on 
conformed samples and should be FAA-witnessed. 

(C) Material System Component Storage and Handling. Applicants 
should be able to demonstrate to FAA certification team members (both MIDO and 
engineering), at any time, that their composite material system (or constituent) 
storage and handling procedures and specifications provide products which 
continuously meet approved material and process specifications. Quality systems 
should be designed with appropriate checks and balances, such that the necessary 
statistical reliability and confidence levels for the items being inspected (which 
are specified by engineering) are continuously maintained. This should require, as 
a minimum, periodic inspections to ensure that proper records are kept on critical 
parameters (e.g., room temperature "bench" exposure, shelf life, etc.) and that 
periodic basic constituent and material system characterization tests are conducted, 
on a batch-to-batch basis. The periodic testing necessary to maintain the quality 
standard should be conducted by the applicants on conformed samples and should be 
FAA-witnessed. 

(D) Statistical Validation Level. It is necessary to maintain 
the minimum required statistical validation level of the quality control system 
(which should be specified for each critical item or constituent by the approved 
quality and engineering specifications). The statistical validation level should be 
defined and approved early in certification. Also, approval and proper usage should 
be continuously maintained during the entire procurement and manufacturing cycles. 

(v) Alternate fabrication and process techniques should be approved 
and should comply with § 27.605. Any alternate techniques should provide at least 
the same level of quality and safety as the original technique. Any changes should 
be presented and FAA-approved well in advance of the change's production 
effectivity. 
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(2) The second area Is the basic raw constituent, pre-preg. and laminate 
material acceptance requirements and material property determination requirements of 
§§ 27.603 and 27.613. These criteria require application of the critical 
environmental limits such as temperature, humidity, and exposure to aircraft fluids 
(such as fuel, oils, and hydraulic fluids), to determine their effect on the 
performance of each composite material system. Temperature and humidity effects are 
commonly considered by coupon and component tests utilizing preconditioned test 
specimens for each material system selected. Material "A" & "B" basis allowable 
strength values and other basic material properties (based on MIL-HDBK-17B, or 
equivalent) are typically determined by small scale tests, such as coupon tests, for 
use in certification work. In the case of composites, determinati on of these basic 
constituent and material system properties will almost invariably involve the 
submittal, acceptance and use of company standards. This is currently necessary 
because MIL-HDBK-17B has not completed development of "B" basis allowables for 
inclusion In the handbook. Also, test methods vary somewhat from manufacturer to 
manufacturer; therefore, individual company results will exhibit some scatter in 
final material property values. Any company standard which is approved and used 
should meet or exceed related MIL-HDBK-17B requirements. Material structural 
acceptance criteria and property determination should, as a minimum, include the 
following: 

(i) Property characterization requirements of all material systems 
(e.g., pre-pregs, adhesives, etc.) and constituents (e.g., fibers, resins, etc.) 
should be identified, documented, and approved. These requirements, once approved, 
should be placed in all appropriate procedures and specifications (such as those in 
g(l) above). 

(ii) Moisture conditioning of test coupons, parts, subassemblies, or 
assemblies should be accomplished in accordance with MIL-HDBK-17B, other similar 
approved methods or per FAA approved programs. 

(iii) The maximum and minimum temperatures expected In service (as 
derived from test measurements, thermal analyses on panels and other parts, 
experience, or a combination) should be determined and accounted for in static and 
fatigue strength (including damage tolerance) substantiation programs considering 
associated humidity induced effects. 

(iv) The glass transition temperature, Tg, is an important 
characteristic parameter of amorphous polymers, such as epoxies. It is the 
temperature below which the polymer behaves like a "glassy" solid and above which it 
behaves like a "rubbery" solid, i.e., it is the temperature at which there is a very 
rapid change in physical properties. In actuality, the change from a hard polymeric 
material to a rubbery material takes place over a narrow temperature range. A 
composite material will experience a drastic reduction in matrix controlled 
mechanical material properties when loaded in this temperature range. Since the 
resin (matrix) is the critical structural constituent in a composite and since Tg 
exceedance is critical to structural Integrity; Tg determination is necessary. The 
Tg margin methodology of MIL-HDBK-17B, Section 2.2.2.1, should be Implemented, i.e., 
the wet glass transition temperature (Tg) should be 50 degrees Fahrenheit higher 
than the maximum structural temperature (see definition). For any type of resin or 
adhesive, an acceptable temperature margin using MIL-HDBK-17B techniques (e.g., 
consideration of limited high temperature excursions) or equivalent methodologies 
based on tests and/or experience should be established and approved early in the 
certification process. In no case should structural strength be degraded below 
limit load capability on a maximum world wide high temperature day. 
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(v) Local design values should be established by analysis and 
characterization tests and approved for specific structural configurations (point 
designs) which include the effects of stress risers (e.g., holes, notches, etc.) and 
structural discontinuities (e.g., joints, splices, etc.). Proper determination of 
these values for full-scale design and test should be considered one of the most 
critical building blocks in substantiating and evaluating a composite structure. 
These transitional load transfer areas typically produce the highest stresses (and 
strains) and serve as the nucleation sites for many of the failures (including those 
due to the relatively low interlaminar strength of composites) that occur In service 
in a full-scale part or assembly. Small scales tests (such as coupon, element, and 
subcomponent tests), or equivalent approved testing programs, and analytical 
techniques should be carefully designed, prepared, and approved to evaluate 
potential "hot spots" and provide accurate simulations and representations of 
full-scale article stresses and strains in the critical transition areas. Proper 
certification work in this area will ensure initial safety and continued 
airworthiness in full-scale production articles. 

(vi) The design strain level for each major component and material 
system should be established and approved such that specified impact damage 
considerations are defined and properly limited. The effects of the approved strain 
levels should be established for each composite material using small scale 
characterization tests and the results should be used to establish or verify the 
maximum allowable design strain level for each full-scale article. The maximum 
allowable design strain values selected should also take into account the 
reliability and confidence levels established for the relevant portions of the 
quality control system. This methodology is necessary because the amount and size 
of flaws in the production article may restrict the allowable level of design 
strain. In a no-flaw-growth design, the maximum specified Impact damage and 
manufacturing flaw size at the most critical location on the part will be a major 
factor in determining the maximum allowable elastic strain. This design approach is 
currently selected for nearly all civil and most military applications; since, under 
normal conditions, only visual inspections are required in the field (unless unusual 
external damage circumstances such as a hail storm occur) to maintain the initial 
level of airworthiness (safety). However, many military applications because of 
their demanding missions, employ scheduled field non-destructive inspection (NDI) 
maintenance, (such as comparative ultrasonics) to ensure that flaw growth either 
does not occur, is controlled by approved structural repair, or by replacement of 
affected parts. To date, civil applications have not been presented that desire a 
flaw growth, phased NDI approach. Therefore, selection of the full-scale article's 
design strain limit based on small scale tests for a no flaw growth design is seen 
to be extremely important. 

(vii) Composite and adhesive properties should be determined such that 
detrimental structural creep does not occur under the sustained loads and 
environments expected in service. Small scale characterization tests (such as 
coupon, element, and subcomponent tests) and analysis, which verify and establish 
the full-scale design criteria and parameters necessary to ensure that detrimental 
structural creep in full-scale structure does not occur in service, should be 
conducted early in certification and should be FAA-approved. 

* 
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(viii) Material allowable strength values for full-scale design and 
testing should be developed using the coupon procedures presented in MIL-HDBK-17B or 
equivalent. At least three batches of material samples should be used in material 
allowable strength testing. Company standards should be prepared, evaluated and FAA 
approved early in certification (as part of the building block process), that 
reflect the material property determination considerations recommended in 
MIL-HDBK-17B on a equal to or better than basis. 

(3) The third area is the protection of structure as required by § 27.609, 
Protection against thermal and humidity effects and other environmental effects 
(e.g., weathering, abrasion, fretting, hail, ultraviolet radiation, chemical 
effects, accidental damage, etc.) should be provided, or the structural 
substantiation should consider the results of those effects for which total 
protection is impractical. Determination and approval of worst-case or most 
conservative operating limits, and damage scenarios should be accomplished. 
Appropriate flammabllity and fire resistance requirements should also be considered 
in selecting and protecting composite structure. Usually a hazard analysis is 
conducted early in certification which identifies the various threats and threat 
levels for which protection must be provided. This data is then used to construct 
and submit for approval the methods-of-compliance necessary to provide proper 
structural protection. 

(4) The fourtfr area is the lightning protection requirements of § 27.610. 
Protection should be provided and substantiated in accordance with analysis and with 
tests such as those of AC 20-53A and FAA Report D0T/FAA/CT-86/8. For composite 
structure projects involving rotorcraft certified to earlier certification bases 
(which do not automatically include the lightning protection requirements of 
§ 27.610), these requirements should be imposed as special conditions. The design 
should be reviewed early in certification to ensure proper protection is present. 
The substantiation test program should also be established, reviewed and approved 
early to ensure proper substantiation. 

(5) The fifth area is the static strength evaluation requirements of 
§§ 27.305 and 27.307 for composite structure. Only conservative proven methods of 
static analysis and failure criteria should be employed. The material stress-strain 
curve should be clearly established, at least through the ultimate design load, for 
each composite design. Composite structure should be statistically demonstrated, 
incrementally, through a program of analysis, coupon tests, minor component ultimate 
load tests and major component ultimate load tests. The static strength 
substantiation program should consider all critical loading conditions for all 
critical structure including residual strength and stiffness requirements after a 
predetermined length of service, e.g., end of life (EOL) (which takes into account 
damage and other degradation due to the service period). Analytical reports and 
tests should consider all possible failure modes and should include the critical, 
allowable effects of: 

(i) Environment (reference paragraphs 2 and 3.) 

(ii) Service Life (residual limit strength and stiffness 
demonstration.) 

(ill) Load path loss (fail-safe analysis and limit strength 
demonstration.) 
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* (Iv) The standard fabrication process and its variability. 

(v) Impact damage expected during service up to the established 
threshold of detectability of the field inspection methods to be employed. 

(vi) Point design and structural discontinuity considerations (e.g., 
stress risers, joints, etc.) 

(vli) Unless the ultimate strength of each critical bonded joint can be 
reliably substantiated in production by NDI techniques (or other equivalent, 
approved techniques), then limit load capability is guaranteed by either of the 
following or a combination thereof: 

( A ) The maximum disbond of each critical bonded joint which will 
carry limit load is established by test, analysis, or both. Disbonds greater than 
these values are typically prevented by design features. 

(B) Each critical bonded joint on each production article should 
be proof tested to the critical limit load. 

(viii) For static strength analysis laminae and laminate "A" and "B" 
basis allowables (determined in accordance with paragraph (2)) should be used 
subject to the following conditions unless lower material properties are required by 
point design considerations (e.g., stress risers, joints, etc.) stiffness 
requirements (e.g., flutter or vibration margins), fatigue strength (including 
damage tolerance), or other overriding considerations. 

(A) When applied loads are distributed through a single load 
path or single member within an assembly, the failure of which would result in the 
loss of the structural integrity of the component involved or inability of the 
rotorcraft structure to carry limit load, the part should be designed, analyzed, and 
tested using "A" basis allowables. 

(B) Redundant (fail-safe) structures in which the failure of 
individual elements would result in applied loads being safely redistributed to 
other load carrying members without exceeding the limit load capability of the 
rotorcraft structure may be designed, analyzed, and tested using "B" basis 
allowables. 

(6) The sixth area is the fatigue evaluation requirements of § 27.571. 
The fatigue evaluation method for the rotorcraft being certified should consider 
damage tolerance in accordance with AC 20-107A. 

(i) The safe-life method for composite structure as defined in 
AC 20-107A is a flaw tolerant safe-life method (e.g., the test specimens consider 
inherent production flaws and impact damage (reference paragraph (7)(ii)). 

(ii) Large area disbonds, weak bonds, delaminations, or other defects 
should be considered in tests or be prevented or be limited by appropriate flaw 
tolerant special design features and by special manufacturing, maintenance, and 
inspection procedures. Special attention should be assigned to all pure bond lines 
(reference paragraph (5)). 
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(ill) Non-fail-safe or partially fail-safe dynamic component structure, 
which may employ bond lines as the only load path, should be designed to relatively 
small previously approved values of elastic, ultimate strain for the material system 
utilized, and should be subjected to full-scale S-N curve testing. Six or more 
specimens are recommended, as part of the substantiation process. Where practical, 
flight-by-flight spectrum testing should be used. 

(iv) All critical safety of flight composite structure must be 
designed to be flaw (damage) tolerant. Environment degradation and in-service 
damage critical values are typically Included in the flaw tolerance evaluation. All 
other key factors, such as material selection, manufacturing, and quality assurance 
controls, and in-service inspection and maintenance, as noted previously, are also 
to be accounted for. 

(v) The fail-safe design features of the rotor heads and blade 
retention systems, other critical primary composite structure, and point design 
features (e.g., bonded metal-to-composite joints) should be assessed and appropriate 
inspection programs provided to prevent catastrophic failure from flaw/damage 
propagation. 

(vi) The method of generating S-N curves using approved raw data 
should be demonstrated, evaluated, and approved. 

(vil) Any limited life Items must be identified and placed in the 
Airworthiness Limitations section of the maintenance manual in accordance with 
§ 27.571. 

(viii) Load spectra, load truncation methods and all other major aspects 
of the fatigue evaluation are documented in test proposals and approved. 

(ix) Flaw growth rates (from initial detectability to the established 
value for residual strength) must be previously established and closely monitored 
during substantiation. This data should be used to establish special phased 
inspections and maintenance intervals for critical structure, as required. 

(7) The seventh major area is the dynamic loading and response 
requirements of § 27.629 for vibration and resonance frequency determination and 
separation for aeroelastic stability and stability margin determination for flutter 
critical flight structure. Critical parts, locations, excitation modes, and 
separations are to be identified and substantiated. This substantiation should 
consist of analysis supported by tests and tests which account for repeated loading 
effects and environment exposure effects on critical properties, such as stiffness, 
mass, and damping. Initial stiffness, residual stiffness, proper critical frequency 
design, and structural damping are provided as necessary to prevent vibration, 
resonance, and flutter problems. 

(1) All vibration and resonance critical composite structure are 
identified and properly substantiated. 

(ii) All flutter-critical composite structure are identified and 
properly substantiated. This structure must be shown by analysis to be flutter free 
to 1.1 Vne (or any other critical operating limit, such as V d , for a VSTOL aircraft) 
with the extent of damage for which residual strength and stiffness are 
demonstrated. 
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(111) where appropriate, crash impact dynamics considerations must be 
taken Into account to ensure proper crash resistance and a proper level of occupant 
safety for an otherwise survivable impact. 

(8) The eiehth area is the special repair and continued airworthiness 
requirements of §§ 27.611, 27.1529, and FAR Part 27 Appendix A for composite 
structures. When repair and continued airworthiness procedures are provided in 
service documents (including approved sections of the maintenance manual or 
instructions for continued airworthiness) the resulting repairs and maintenance 
provisions must be shown to provide structure which continually meets the guidance 
of paragraphs (1) through (7) of this AC paragraph. All certification based repair 
and continued airworthiness standards, limits, and inspections must be clearly 
stated and their provisions and limitations defined and documented to ensure 
continued airworthiness. In general, no composite repair should be attempted which 
is out of scope to repairs stated in an approved Structural Repair Manual (SRM) 
without an engineering design approval by a qualified FAA representative (DER or 
staff engineer). The following minimum criteria should be met in any acceptable 
composite repair: 

(1) The repair should be permanent. 

(ii) The repair should restore the structure to the required strength 
and stiffness. 

(iii) The repair should restore all functional requirements. 

(iv) The repair should have a negligible weight penalty. 

(v) The repair should be aerodynamically compatible. 

(vi) The repair materials should be compatible in all essential 
aspects with the parent materials. 

In summary, primary composite structure is an especially critical structure that 
requires a clearly defined, phased approval (building block) certification process. 
This process should involve the entire project certification team from a project's 
start to its finish so that proper certification is continuously and ultimately 
achieved. Also, in some special cases, involving new advanced state-of-the-art 
composite technology, an Issue paper may be necessary. However, in the majority of 
cases (using current composite materials and design philosophy) the applicant's 
acknowledged use of this advisory material (as recorded in the type board minutes) 
should eliminate the need for a separate issue paper. 
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1. PURPOSE. 
a. This advisory circular consolidates FAA guidance on the certificatior 

normal category rotorcraft. As part of the FAA effort to achieve national 
standardization in rotorcraft certification, it serves as a ready referenoe 1 
manufacturers, modifiers, FAA design evaluation engineers, flight test engim 
and engineering flight test pilots. 

b. This ciroular covers FAA policy on methods of compliance with Part 21 
Subchapter C, Chapter I, Title 14 of the Code of Federal Regulations, which 
contains the Airworthiness Standards for Normal Category Rotororaft. It ine] 
methods of compliance in the areas of basic design, ground tests, and flight 
2. BACKGROUND. The material contained herein is based largely on precedents 
during helicopter certification programs spanning the past 25 years. It 
consolidates polioy contained in earlier correspondence among FAA headquarter 
the rotorcraft industry, and certificating regions. 
3. FUTURE ADDITIONS. This advisory circular is being published before poli< 
material is developed for all sections of Part 27. This first edition covert 
most complex and controversial sections. Revisions covering additional seotj 
will be published as soon as practicable. 
4. DEVIATIONS. As rotorcraft designs vary from the conventional configuratJ 
it may become neoessary to deviate from the methods and procedures outlined 
herein. These procedures are one acceptable means of compliance with Part 21 
Any alternate means proposed by the applioant should be given due oonsideratJ 
Applicants are encouraged and urged to use their technical ingenuity and 
resourcefulness in order to develop more efficient and less oostly methods ol 
aohieving the objectives of Part 27. FAA personnel (including designees) she 
respond to suoh efforts by the use of engineering judgment in fostering any t 
efforts as long as the letter and spirit of Part 27 and the Federal Aviation 
are respected. Major deviations from these procedures should be coordinated 
the Rotorcraft Standards Staff, ASW-110, in order to ensure national 
standardization. 

For Mle Ij the Superintendent of Document!, U.S. OoTeroment Printing Office 
Washington, D.C. 20403 
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APPLICABILITY. Th is m a t e r i a l I s not t o be cons t rued as hav ing any l e g a l 
us and must be t r e a t e d a c c o r d i n g l y . However, t o ensure s t a n d a r d i z a t i o n i n the 
i f i c a t i o n p rocess , these procedures should be cons idered d u r i n g a l l r o t o r c r a f t 

c e r t i f i c a t i o n and supplementa l type c e r t i f i c a t i o n a c t i v i t i e s . 

PARAGRAPHS KEYED TO PART 27. Each paragraph has the a p p l i c a b l e Pa r t 27 
dment shown I n the t i t l e . As P a r t 27 changes occu r , the a p p r o p r i a t e r e v i s i o n s 

be made t o the a f f e c t e d paragraphs o f t h i s adv i so r y c i r c u l a r . 

RELATED PUBLICATIONS. 

a . C e r t i f i c a t i o n personnel should be f a m i l i a r w i t h FAA Order 8110.4, Type 
i f i c a t i o n , and FAA Order 8100.5 , A i r c r a f t C e r t i f i c a t i o n D i r e c t o r a t e 
edures. 

b. Throughout t h i s adv i so ry c i r c u l a r re fe rence i s made t o o the r FAA adv i so ry 
u l a r s and o r d e r s . Repub l i sh ing these documents as a p a r t o f t h i s adv i so ry 
u l a r was not considered t o be i n the bes t i n t e r e s t o f u t i l i z a t i o n o f FAA 
uroes . 

c t o r , Southwest Region 
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CHAPTER 1. PART 21 
CERTIFICATION PROCEDURES FOR PRODUCTS AND PARTS 

(Amendment 21-50) 

1.-3. RESERVED. 
I» . § 21.16 SPECIAL CONDITIONS. 

a. The Prooess. Chapter 2, Section 1, paragraph 8 of the Type Certificate 
Handbook, Order 8110.1, provides detailed guidance on the special conditions 
process. However, much of that material has been outdated with the 
implementation of the Aircraft Certification Directorate Program. Rotorcraft 
speoial conditions are processed through the Rotororaft Standards Staff, 
ASW-110. That offloe will ensure coordination with the affected agenoy and 
industry elements including the Regional Counsel. All oomments will be 
considered and the disposition documented by the Rotororaft Directorate. ASW-l 
will issue the speoial conditions. 

b. Basis for Development. 
(1) Speoial conditions are justified on the basis of the existing 

Part 27 being inadequate or inappropriate due to novel or unusual design features 
of the rotororaft to be certificated. 

(2) The phrase "novel or unusual" as used in § 21.16 is a very relative 
term. As used hereafter in applying § 21.16 to justify the issuance of speoial 
conditions, "novel or unusual" will be taken with respect to the state of 
technology envisaged by the applicable airworthiness standards of this 
subchapter. It must be reoognized that in some areas which will vary from time 
to time, the state of the regulations may somewhat lag the state of the art in 
new design because of the rapidity in which the state of the art is advanolng in 
oivil aeronautical design and because of the time required to develop the 
experience base needed by the FAA to proceed with general rulemaking. Applicants 
for type oertification of a new design have the opportunity to mitigate the 
Impaot of not knowing the precise airworthiness standards to be applied for 
"novel or unusual design features" by consulting with the FAA early in their 
certification planning when suoh features are suspected or known by the applioant 
to exist. It should also be reoognized that, beoause of the intentional 
objective nature of the airworthiness standards of this subchapter, many new 
design features which might be thought of as "novel or unusual" may already be 
adequately covered by existing regulations, thus obviating the need to issue 
speoial conditions. 

(3) Before proposing speoial conditions, the oertification staff should 
very thoroughly analyze the existing regulations and ensure they are inadequate 
or inappropriate in light of a new and novel design feature. 
Chap 1 
Par 1 

1 
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8, § 21.31 TYPE DESIGN. 
The regulatory basis for requiring data to define the design is contained in 

§ 21.31. This section is self-explanatory and broad enough in scope to give the 
certification staff access to sufficient data to determine compliance with 
Part 27. 
9.-11. RESERVED. 

12. § 21.33 INSPECTION AND TESTS. 
a. Applicant Responsibility* Section 21.33 requires the applloant to: 

(1) Ensure the test rotororaft conforms to the type design. This must 
be accomplished prior to presentation to the FAA for testing. 

(2) Conduct all inspections and tests neoessary to determine compliance 
with the airworthiness and noise requirements. 

b. FAA Responsibility. 
(1) The design evaluation engineers should ensure that the type design 

is adequate in their teohnical area and that the inspections and tests to be 
oonduoted are appropriate and sufficient to show compliance with Fart 27. 

(2) As changes to the rotorcraft are made during the test program, the 
flight test orew should ensure that the appropriate design evaluation engineer 
conours with the change and the conformity inspection of the change has been 
oonduoted. 
13.-15. RESERVED. 

16. § 21.35 FLIGHT TESTS. 
a. Explanation. 

(1) This section outlines the requirements of the applicant for 
aircraft type certification and should be used in conjunction with Order 8110.4, 
Section 5* Section 21.35 requires, in part, that the applicant conduct 
sufficient flight tests to show compliance with the flight requirements 
throughout the proposed flight envelope. The results of the applicant's flight 
test should be submitted to the FAA in report form for evaluation to determine 
what verification flight tests the FAA may elect to conduct. The report should 
conclude that in the applicant's opinion the test aircraft complies with the 
applicable certification requirements. The FAA verification flight test should 
Include, but not be limited to, the critical or marginal results contained in the 
applicant's flight test report. The FAA'a role in the certification effort is 
not envisioned to be one of conducting day-to-day routine flight tests with the 
applioant, but only to verify his results through limited sampling. In oertain 

2 (thru 20) Chap 1 
Par 5 
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tests, such as high altitude testing at a remote mountain site, there is an 
advantage in conducting flight teste concurrently with the applicant. 
Additionally, the FAA can provide technical flight test assistance to the 
applicant in certain cases. This can he done after a cursory review and a letter 
of authorization is Issued to the flight test crew. 

(2) Prefllght Test Planning. After the applicant's flight test report 
is reviewed, it should be determined what FAA engineering flight tests are 
necessary. These tests are normally specified in the Type Inspection 
Authorization (TIA). At the same time the FAA must know and agree to the 
applicant's proposed means of data acquisition, reduction, and expansion of the 
flight test data. The adequacy of the test Instrumentation should be evaluated 
prior to official type certification tests (ref. paragraph 24). 

(3) Order of Testing. The Federal Aviation Regulations are so worded 
that the results of some flight t e s t B have a definite bearing on the conduct of 
other tests. For this reason, and to minimize reteating, careful attention 
should be given to the. order of testing. The exact order of testing will be 
determined only by considering the particular rotorcraft and test program 
involved. Tests which are particularly important in the early stages of the 
program are: 

(i) Airspeed calibration. All tests involving airspeed depend upon 
the calibration, 

(ii) Engine power available determination. 
(iii) Engine cooling. 

(4) Test Groupings. 
(i) Weight and e.g. In addition to the regulatory relationship of 

one test to another, efficient testing requires that consideration be given to 
the accomplishment of as many tests on a single flight as can be accommodated 
successfully. 

(ii) Special instrumentation. Similarly, consideration should be 
given to grouping of tests that involve special instrumentation. Examples of 
these are takeoff and landing tests which usually require group equipment to 
record horizontal distance, height, and time. Ground calibration of the airspeed 
indicating system can be accomplished at the same time. It is the applicant's 
responsibility to provide the necessary instrumentation. 

Chap 1 
Par 16 21 
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(1) Type Certification Flight Tests. 
(i) Prior to initiating official FAA flight tests, a conformity 

inspection of the test aircraft must be accomplished. This is needed to ensure 
that the test aircraft is in the proper configuration or "conforms" to the 
engineering drawings and doouments that have been submitted to FAA, evaluated, 
and approved. It is absolutely essential to know the configuration being tested 
in any engineering flight evaluation. Conformity Inspection prior to TIA flight 
tests assures that testing will not be wasted because of configuration 
uncertainties. 

(ii) Certification Handbook 8110.4, paragraph 67, contains a 
requirement that the applicant must keep the FAA advised of any configuration 
changes to the aircraft. The manufacturing inspector should keep the FAA flight 
test pilot apprised of any change which may affeot safety of the test airoraft or 
may influence test results. 

(iii) Results of the conformity inspection and the engineering flight 
test program must be documented. This is normally done in the Type Inspection 
Report (TIR). Results may be documented in any acceptable engineering format. 
The report should be in sufficient detail to clearly show how compliance with 
each appropriate section of the rule was determined. 

(iv) The flight test pilot must ensure that the FAA manufacturing 
inspeotor and_ the certification engineer are aware of all configuration changes 
found necessary as a result of FAA tests. The manufacturing inspector is 
responsible for ensuring that all ohanges are incorporated into production 
drawings after the design data reflecting the change have been approved by the 
certification engineer. 

(v) Additional flight test responsibilities, procedures, and 
requirements during the certification flight test process are contained in 
Certification Handbook 8110.1, Section 5, Flight. 

(2) Function and Reliability Tests. 
(i) A comprehensive and systematic check of all aircraft components 

must be made to ensure that they perform their intended function and are reliable. 
(ii) Function and reliability (F&R) testing must be accomplished on 

an airoraft which is in conformity with the approved production configuration. 
F&R testing should follow the type certification testing described in 
paragraph l6b(l) above to ensure that significant changes resulting from type 
certification tests can be incorporated on the aircraft prior to F&R tests. 

(iii) All components of the rotorcraft should be periodically 
operated in sequenoes and combinations likely to oocur in servioe. Ground 
inspections should be made at appropriate intervals to identify potential failure 
conditions; however, no special maintenance beyond that described in the aircraft 
maintenance manual should be allowed* 

22 
Chap 1 
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(iv) A complete record of defects and failures should be maintained 

along with required servicing of aircraft fluid levels. Results of this record 
should be consistent with inspection and servicing information provided in the 
aircraft maintenance manual. 

(v) A certain portion of the P&R test program may emphasize 
systems, operating conditions, or environments found particularly marginal during 
type certification tests. 

(vi) See Handbook 8110.1, paragraph 166(c), for additional 
information and procedures. 
17.-23. RESERVED. 

24. § 21.39 FLIGHT TEST INSTRUMENT CALIBRATION AND CORRECTION REPORT. 
a. Explanation. It Is the applicant's responsibility to provide 

instrumentation for all parameters needed to show compliance with the 
airworthiness regulations. 

(1) For those data whioh are necessary to show compliance with the 
regulations, a permanent record should be established. A permanent record is 
acceptable in either graphical or photographic form, and in some Instances a 
manual recording may be satisfactory. 

(2) Regardless of the reoord form, the aocuracy of the reoord must be 
established by reference to a laboratory standard traceable to the National 
Bureau of Standards. 

(3) If multiplexing is used, the time base must be synchronized to a 
referenoe point from which the magnitude of each parameter can unquestionably be 
determined. Also, the sampling rate should be sufficiently frequent to ensure 
that the maximums, minimums, and trends of magnitude of the parameter are 
reoorded with respect to time. 

b. Procedure, Prior to conducting flight tests, the FAA flight test team 
should review the applicant's flight test instrumentation, calibration, and 
correction report. 

(1) The frequenoy of recalibration varies with the oonsistenoy of the 
instrumentation under consideration. For example, oyolio and collective position 
is sometimes calibrated immediately before and after a flight where these 
parameters are used to provide critical flight data. Six months is a typical 
Interval for recording/signal conditioning and nonstrain gage sensors, while one 
year is typical for strain gaged components. Also, environmental effects suoh as 
vibration, humidity, temperature, e t c , should be considered when determining 
whether reoalibration is neoessary. 

Chap 1 
Par 16 23 
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(2) The highest and lowest magnitude of the parameter being reoorded 

should be considered when establishing the soale for instrumentation. Ideally, 
the highest magnitude throughout the flight would fall on the maximum indicating 
point of the recording. 
25.-30. RESERVED. 

24 (thru 60} 
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CHAPTER 2. PART 27 
AIRWORTHINESS STANDARDS 

NORMAL CATEGORY ROTORCRAFT 
SECTION 1. GENERAL 

31. S 27.1 (through Amendment 27-19) APPLICABILITY. 
a* Explanation. This section prescribes the rotorcraft categories eligible 

for certification under this Part. There is no minimum weight limit for 
oertifioation under Part 29; however, Part 27 is applicable to rotororaft with 
maximum weights of 6,000 pounds or less. 

(1) Without Engine Isolation. For single-engine rotorcraft and 
multiengine rotororaft without engine isolation, the height-velocity (HV) diagram 
is conducted with sudden failure of all engines, and the takeoff maneuver must 
pass through the clear area of the diagram to the 50-foot point with all engines 
operating. 

(2) With Engine Isolation. Part 27 multiengine rotorcraft may be 
certificated with engine isolation features (ref. paragraph 780 of this AC). 
These rotororaft are not required to meet the Part 29, Category A, performance 
requirements, and continued flight after an engine failure is not assured since 
under some conditions failure of the remaining engine may oocur after a limited 
time. The takeoff is oonduoted with all engines operating, while the height-
velocity diagram is determined with the most critical engine inoperative. If 
complete Part 29, Category A, design features and performance are achieved, the 
Category A performance may be inoluded in the FAA-approved portion of the 
Rotororaft Flight Manual although this performance is not required by the 
regulations. 

b. Procedures. None. 
32—41. RESERVED. 

Chap 2 
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a- Explanation. 
(1) This section provides a degree of latitude for the FAA test team in 

selecting the combination of tests or inspections required to demonstrate 
compliance with the regulations. Compliance should be shown for applicable 
combinations of gross weight, center of gravity, altitude, temperature, airspeed, 
rotor r.p.m., etc. Engineering tests are designed to investigate the overall 
capabilities and characteristics of the helicopter throughout its operational 
envelope. Testing will identify operating limitations, normal and emergency 
procedures, and performance information to be included in the FAA-approved 
portion of the flight manual. The testing must also provide a means of verifying 
that the helicopter's aotual performance, structural design parameters, 
propulsion components, and systems operations are consistent with all 
certification requirements* 

(2) Section 21*35 requires, in part, that the applioant show compliance 
with the applicable oertifioation requirements, including flight test, prior to 
offiolal FAA Type Inspection Authorization (TIA) testing. Compliance in most 
oases requires systematic flight testing by the applicant. After the applicant 
has submitted sufficient data to the FAA showing that compliance has been met, 
the FAA will oonduet any inspections, flight, or ground tests required to verify 
the applicants test results* FAA compliance may be partially determined from 
tests oonduoted by the applicant if the configuration (conformity) of the 
helicopter oan be verified. Compliance may be based on the applicant's 
engineering data and a spot oheok or validation through FAA flight tests. The 
FAA testing.should obtain validation at oritioal combinations of proposed flight 
variables if compliance cannot be inferred using engineering judgment from the 
combinations investigated. 

(3) Performance tests Include minimum operating, speed (hover), takeoff 
and landing, olimb, glide, height-velocity, and power available. Certain other 
performance tests, suoh as oritioal engine survey for multiengine installations, 
may be oonduoted to meet speoifio requirements. Detailed performance test 
prooedures and allowable extrapolation or simulation limits are contained in the 
respeotive paragraphs in this AC. 

(i) Hover tests are oonduoted to determine various combinations of 
altitude, temperature, and gross weight for both in-ground-effeet (IGE) and, if 
required by the applicant, out-of-ground effeot (OGE) conditions. From these 
data, the hover ceiling may be oaloulated. 

(ii) Takeoff and landing tests are oonduoted to determine that a 
takeoff or landing oan be safely executed without requiring exoeptional piloting 
skill or favorable conditions at any approved combination of altitude, 
temperature, and gross weight. 

62 (thru 70) 
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(ill) For rotororaft other than helicopters, climb tests establish 

the variations of rate-of-climb at the best rate-of-climb or published climb 
airspeed(s) at various combinations of altitude, temperature, and gross weight. 
For helloopters, climb tests are conducted as required to determine the best 
rate-of-olimb speed, V y. 

(iv) Height-velocity tests are conducted to determine the boundaries 
of the height versus airspeed envelope from which a safe landing can be 
accomplished following an engine failure. 

(v) Power available tests are oonduoted to verify the oalculated 
installed specification engine performance model on which published performance 
is based. 

(4) The purpose of helicopter stability and control tests is to verify 
that the helicopter possesses the minimum qualitative and quantitative flying 
qualities and handling oharaoteristios required by the applicable regulations. 
In order to assess the handling qualities, standardized test procedures must be 
utilized and the results analyzed by accepted methods. Section 27.21(a) allows 
calculation and inferenoe whioh includes extrapolation and simulation, whereas 
§ 27.21(b) requires demonstration of controllability, stability, and trim. 
Combinations of § 27.21(a) and (b) may be used to show compliance with the 
operating envelope limits. Test methods and equipment are described in 
individual paragraphs of this advisory circular. 

b. Procedures. 
(1) Efforts should begin early in the certification program to provide 

advioe and assistance to the applicant to ensure ooverage of all oertification 
requirements. The applicant should develop a comprehensive test plan whioh 
includes the required instrumentation. 

(2) The tests and findings specified in paragraph 42a(3) ere required 
of the applioant to show basic airworthiness and probable compliance with the 
minimum requirements specified in the applicable regulations. After these basio 
findings have been submitted and reviewed, a Type Inspection Authorization, or 
equivalent, can be issued. The FAA will develop a systematic plan to spotcheok 
and oonfirm that compliance with the regulations has been shown. The test plan 
will consider combinations of weight, oenter of gravity, and r.p.m. and cover the 
range of altitude and temperature for whioh certification is requested. 

Chap 2 
Par 42 71 
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a. Explanation. 
(1) This section is definitive and speoifies criteria for establishing 

maximum and minimum certificating weights. These weights may be based on those 
selected by the applioant, design requirements, or the limits for which 
compliance with all applicable flight requirements has been shown. 

(2) It may not be possible to demonstrate quantitatively all the flight 
requirements at the minimum weight beoause of test instrumentation requirements. 
The test team must be ensured that the helioopter complies with the applicable 
requirements at the lowest permissible flying weight. This evaluation may be 
done qualitatively with the test instrumentation removed and with minimum 
orewmembers if no critloal areas exist or are anticipated. Additionally, 
rational extrapolation is permitted. However, if oritioal areas at minimum 
flying weights are apparent, extrapolation should not be permitted. 

(3) Typical requirements that may establish the maximum and minimum 
weight limits include: 

(i) Maximum: Structural limits, performance requirements, 
stability, and controllability requirements. 

(ii) Minimum: Autorotative rotor r.p.m., stability, and 
controllability requirements. 

b. Procedures. None. 

i»4. § 27.27 (through Amendment 27-19) CENTER OF GRAVITY LIMITS, 
a. Explanation. , 

(1) This regulation is definitive and requires that the center of 
gravity limits be defined. Proof of compliance with all applicable flight 
requirements is required within the range of established e.g.'s. Along with the 
longitudinal e g . limits, the lateral e.g. limits should either be established or 
determined to be not critical. 

(2) Ballast is usually carried during the flight test program to 
investigate the approved gross weight/center of gravity limits. Lead is the most 
oommonly used form of ballast during helicopter flight testing although other 
types of ballast, such as water, may serve just as well. Water may have the 
added benefit of being jettisonable during critical flight test conditions. Care 
must be taken regarding the location of ballast. The strength of the supporting 
structures should be adequate to support such ballast during the flight loads 
that may be imposed during a particular test and for the ultimate inertia forces 
of § 29.561(b)(3). Of oritlcal Importance is the method of securing the ballast 
to the desired locations. To avoid any undealred in-flight movements of the 

72 
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b a l l a s t , a p o s i t i v e method o f c o n s t r a i n t i s mandatory. The f l i g h t t e s t crews 
should a l so v i s u a l l y v e r i f y the amount, l o o a t i o n , and i n t e g r i t y o f the b a l l a s t . 
The e f f e c t s o f mass moment o f i n e r t i a on the f l i g h t c h a r a c t e r i s t i c s due t o the 
b a l l a s t l o c a t i o n s should a l s o be cons ide red . The mass moment o f I n e r t i a o f the 
t e s t h e l i c o p t e r s h o u l d , t o the ex ten t p o s s i b l e , be the same as t h a t expected i n 
normal , approved l o a d i n g s , e s p e c i a l l y d u r i n g t e s t s i n v o l v i n g dynamic i n p u t s . 

b. Procedures. 

(1) Center o f g r a v i t y l o o a t i o n s and l i m i t s are o f pr ime importance t o 
h e l i o o p t e r s t a b i l i t y and s a f e t y i n f l i g h t . The pr imary concern i s es tab l ishment 
o f the l o n g i t u d i n a l cen te r o f g r a v i t y l i m i t s . L a t e r a l cen te r o f g r a v i t y l i m i t s 
w i t h respect t o l o n g i t u d i n a l cen te r o f g r a v i t y l i m i t s are a l s o i m p o r t a n t . The 
design o f the h e l i c o p t e r i s u s u a l l y such t h a t approximate l a t e r a l symmetry 
e x i s t s . Th is l a t e r a l symmetry can be upset by numerous probable l a t e r a l load ings 
poss ib l y r e s u l t i n g i n the necess i t y t o e s t a b l i s h l a t e r a l cen te r o f g r a v i t y 
l i m i t s . S t a b i l i t y and c o n t r o l c h a r a c t e r i s t i c s may be s e r i o u s l y a f f e c t e d by 
l oad ing o u t s i d e the e s t a b l i s h e d oenter o f g r a v i t y l i m i t s . The es tab l i shed center 
o f g r a v i t y l i m i t s must be t h a t as f u e l i s consumed, i t i s p o s s i b l e f o r the 
h e l i c o p t e r t o remain w i t h i n the e s t a b l i s h e d l i m i t s by acceptab le l o a d i n g and/or 
ope ra t i ng i n s t r u c t i o n s . 

(2) S t r u c t u r a l l i m i t s may r e s t r i c t the maximum forward l o n g i t u d i n a l 
center o f g r a v i t y l i m i t s . However, i n most cases i t i s the maximum value 
es tab l i shed where in adequate low speed c o n t r o l power e x i s t s t o meet such 
requirements as § 2 7 . 1 4 3 ( 0 ) . L i k e w i s e , the maximum a f t cen te r o f g r a v i t y l i m i t 
may be a " s t r u c t u r a l l i m i t , " bu t i t u s u a l l y i s determined d u r i n g f l i g h t t e s t 
a f t e r the h e l i c o p t e r ' s hand l i ng q u a l i t i e s t e s t s have been conducted. F l i g h t 
t e s t s may reduce the " s t r u c t u r a l l i m i t " e . g . enve lope, bu t f l i g h t t e s t s a lone 
should no t be used t o expand the " s t r u c t u r a l l i m i t . " A d d i t i o n a l i tems which may 
i n f l u e n c e the maximum a f t cen te r o f g r a v i t y l i m i t s may be ma l f unc t i ons o f 
automat ic s t a b i l i z a t i o n equipment, excess ive h e l i c o p t e r a t t i t u d e s d u r i n g c r i t i c a l 
phases o f f l i g h t , o r adequate c o n t r o l power t o compensate f o r an engine f a i l u r e . 

(3 ) L a t e r a l cen te r o f g r a v i t y l i m i t s have become more c r i t i c a l because 
o f the ever i n c r e a s i n g u t i l i z a t i o n o f the h e l i c o p t e r f o r such t h i n g s as unusual 
and unsymmetric l a t e r a l l o a d s , bo th i n t e r n a l and e x t e r n a l . Maximum a l l owab le 
l a t e r a l cen te r o f g r a v i t y l i m i t s have a l s o i n f l u e n c e d the r e s u l t s o f the unusable 
f u e l d e t e r m i n a t i o n . 

(4 ) I n summary, i t i s o f pr ime importance t h a t l o n g i t u d i n a l and l a t e r a l 
cen te r o f g r a v i t y l i m i t s be determined so t h a t unsafe c o n d i t i o n s do not e x i s t 
w i t h i n the approved a l t i t u d e , a i r s p e e d , ambient tempera tu re , gross we igh t , and 
r o t o r r . p . m . ranges . A l l r e l e v a n t m a l f u n c t i o n s must be cons ide red . 
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45. S 27.29 (through Amendment 27-19) EMPTY WEIGHT AND CORRESPONDING CENTER OF 

GRAVITY. 
a* Explanation. The empty weight of the helicopter oonsista of the 

airframe, engines, and all items of operating equipment that have fixed looations 
and are permanently installed in the aircraft. It includes fixed ballast, 
unusable fuel, and full operating fluids except water Intended for injection in 
the engines. 

(1) Fixed ballast refers to ballast that is made a permanent part of 
the helicopter as a means of controlling the empty weight e g . 

(2) Complianoe with paragraph (b) of § 27.29 is accomplished by the use 
of an equipment list which defines the installed equipment at the time of 
weighing and the weight arm and moment of the equipment. 

b. Procedures. 
(1) Determination of the empty weight and corresponding oenter of 

gravity is primarily the responsibility of the manufacturing Inspector. This 
determination is normally made on the produotion helicopter rather than the 
prototype. If the manufacturer wishes to avoid the necessity of weighing each 
production helicopter and he has been issued a produotion certificate, he may 
make a detailed proposal defining the procedures he will use to establish an 
empty weight and e.g. When his proposal is approved, he will weigh the first 
five to ten production helicopters and show that the helicopter will be within +1 
peroent on empty weight and +0.2 inches on o.g. After this procedure is 
established, the empty weight and o.g. may be computed except that at regular 
Intervals, a helicopter will be weighed to ensure the tolerances are still being 
maintained; e.g., one in ten helicopters. 

(2) For prototype and modified helicopters, it is only necessary to 
establish a known basic weight and e.g. position (by weighing) from which the 
extremes of weight and e.g. travel required by the test program may be 
calculated. See AC 91-23 (Pilots Weight and Balance Handbook) for a sample 
weight and balance procedure. 

o. Ballast Loading and Type. 
(1) Ballast loading of the helioopter can be accomplished in any manner 

to achieve a specific o.g. location. It is aooeptable for such ballast to be 
mounted outside the physical confines of the helioopter if the flight test 
objectives are not affected by this arrangement. In flight test work, loading 
problems will occasionally be enoountered in whioh it will be diffloult to obtain 
the desired o.g. limits. Suoh cases may require loading in engine oompartments 
or other places not designed for load oarrying. When this condition is 
neoessary, oare should be taken to ensure that local structural stresses are not 
exoeeded or that the helioopter flight characteristics are not changed due to 
inoreased moments of inertia by attaching the ballast to extreme o.g. locations 
which may not be designed for the added weight. 
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(2) There are basically two types of ballast that nay be used in 

loading. They are solids or liquid. The solids are usually high density 
materials such as lead while the liquid usually used is water. In oritioal 
tests, the ballast may be loaded In a manner so that disposal in flight can be 
accomplished. In any ease, the load should be seourely attached in its loaded 
position so shifting or interference with safety of flight will not result. 

46. S 27.31 (through Amendment 27-19) REMOVABLE BALLAST. 
a. Explanation. This regulation provides the option of using removable 

ballast to obtain desired center of gravity looations to determine compliance 
with the flight requirement of this Part. Fixed ballast used for flight 
operations after type certification must be documented in the type design data. 
Removable ballast is used primarily on small helicopters to oontrol the e.g. with 
different passenger loadings although this regulation does not permit its use on 
transport helicopters. If removable ballast is used, the rotororaft flight 
manual must include instructions regarding its use and limitations. 

D» Procedures. None. 
47. S 27.33 (through Amendment 27-19) MAIN ROTOR SPEED AND PITCH LIMITS. 

(RESERVED) 
48.-57. RESERVED. 
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SECTION 3. PERFORMANCE 
58. § 27.45 (through Amendment 27-19) GENERAL. 

&• Explanation. 
(1) Section 45 of Part 27 lists some of the rules and standards under 

which the performance requirements are to be met. This paragraph will provide 
general guidelines that may be used throughout a flight test program. It is 
impossible to find ideal test conditions and there are many variables which 
affect the flight test results that must be taken into account. Some of these 
variables are wind, temperature, altitude, humidity, helicopter weight, power, 
rotor r.p.m., oenter of gravity, etc A thorough knowledge of the testing 
procedures and data reduotion methods is essential and good engineering judgment 
must be used to determine acceptable test conditions. The test results should be 
analyzed and expanded by approved methodology within the guidelines of this 
paragraph. 

(2) Performance should be based on approved engine power as determined 
in paragraph b(4) below and not on any transient limits. Approved transient 
limits are basically for inadvertent overshoots of approved operational limits 
and any sustained operation in these transient limit areas usually requires some 
form of speoial maintenance. However, for such demonstrations as landing 
procedure demonstration and height-velooity (HV) determination, low rotor speeds 
(within approved limits) have been authorized. Such transients, if authorized, 
must be flight evaluated for performance and controllability. 

(3) Where variations in the parameter on whioh a tolerance is allowed 
will have an appreciable effect on the test, the results should be corrected to 
the standard value of the parameter; otherwise, no correction is neoessary. 

b. Procedures. 
(1) Winds for Testing. 

(i) Allowable wind oonditions will vary with the type of test 
and will also be different for different types and gross weight helicopters. For 
example, higher winds can usually be tolerated for takeoff and landing tests than 
for hover performance. Higher winds oan sometimes be tolerated during hover 
performance testing on helicopters with high rotor downwash velocities. 
Generally, unless the effeots of wind on hover performance tests can be determined 
and/or accounted for, hover performance testing should be oonduoted in winds of 
3 knots or less. 

(ii) In-ground-effect controllability and manueverabllity 
testing should be oonduoted in surfaoe winds of less than 5 knots, or when higher 
steady wind conditions exist, with a maximum gust spread of 5 knots. 
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(Hi) As can be seen from the foregoing, there is no such thing as an 

exaot allowable wind for a particular test or helicopter. The flight test team 
must decide on the allowable wind for each condition based on all available 
information and their engineering judgment. The following summary of allowable 
wind conditions is given for general guidance only: 

(A) Hover performance - 0 to 3 knots. 
(B) Height-velocity - 0 to 3 knots. 
(C) IGE controllability and manueverability - 0 to 5 knots. 

(Iv) A means should be provided to measure the wind velocity, 
direction, and ambient air temperature at the rotor height for any particular 
tests. 

(2) Altitude Effects. Using FAA-approved methodology, hover 
performance may be extrapolated and/or interpolated from test data up to a 
maximum of +4,000 feet. Experience has shown that IGE handling qualities, 
height-velocity, and engine operating characteristics should not be extrapolated 
higher than approximately 2,000 feet density altitude from the test altitude. 
Cruise stability/oontrollability tests should be evaluated at least at two 
different altitudes, the lowest practical altitude and approximately the highest 
cruise altitude requested for approval. This oan allow an interpolation of 
approximately 10,000 feet. As in all testing, extrapolation and/or interpolation 
should only be considered if all available information and engineering judgment 
indioate that regulatory compliance can be met at the untested conditions. 

(3) Temperature Effeots. 
(1) Background* 
(A) In the past, approved analyses were frequently accepted 

for determining the extreme temperature effects on performance and flight 
characteristics. With the introduction of newer, higher performance helicopters, 
advanced rotor blade designs, higher airspeeds, and higher blade tip mach 
numbers, the previous methods have proven to be insufficient. Therefore, the 
performance and flight characteristics should be validated at extreme 
temperatures; however, analysis may be permitted if a suitable methodology is 
demonstrated. 

(B) Various FAA cold weather programs have verified that 
helicopters oan be affected by oold temperature in both the performance and 
flying qualities areas. Hot temperature conditions, although not shown to be as 
critical for flying qualities, should be given consideration. 
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(C) Additionally, design deficiencies surfaoed when the 

helicopters were exposed to temperature extremes and some of these difficulties 
were severe enough to require the redesign of equipment and/or materials. 
Therefore, to satisfy § 27.1309(a), the applloant needs to substantiate the total 
helicopter throughout the foreseeable range of operating temperatures. 

(ii) Procedures. 
(A) The FAA is responsible for verifying the effects of 

temperature on performance and handling characteristics. A limited flight 
verification, if necessary, could include spot checks of hover performance, 
IGE controllability, vibration, simulated power failure, statlo stability, 
height-velooity, V^g/Vj) evaluations, ground resonanoe, etc. In addition, 
systems should be evaluated to determine satisfactory operations. 

(B) Extrapolation of test data should only be allowed if the 
applicant's predicted or calculated data is verified by aotual test, but in any 
oase extreme caution should be used for extrapolations that are 10°C below or 
20°C above those values tested. 

(4) Engine Power - Turboshaft Engine. 
(i) Background. 

(A) The purpose of helicopter performance flight testing is to 
obtain aoourate quantitative flight test performance data to provide flight 
manual information. 

(B) Flight tests are designed to investigate the overall 
performance capabilities of the helicopter throughout its operating envelope. 
This testing furnishes Information to be included in the flight manual and 
provides a means of validating the predioted performance of the helicopter with a 
minimum installed specification engine. 

(C) The power used to complete the flight manual performance 
must be based on power values no greater than that available from the minimum 
uninstalled specifioation engine after it is oorreoted for installation losses. 
A minimum uninstalled specification engine is one that, on a test stand under 
conditions specified by the engine manufacturer, will produce the certificated 
power at specification temperatures and/or speeds. The specification values may 
be either a rating or limit. Some engine manufacturers certify an engine to a 
specified power at a particular engine temperature or speed rating with higher 
allowable limits. The limit is the maximum value the installed engine is allowed 
in order to develop the specification power. Prior to installation of each 
engine in a helicopter, the performance is measured by the engine manufacturer. 
This is done by making a static test run in a test oell and referring the results 
to standard day, sea level conditions. The performance parameters obtained are 
presented as uninstalled engine characteristics on a test log sheet. This is 
oommonly referred to as a "final run sheet." Figure 58-1 compares a typical 
engine to one the manufacturer has certified as a minimum uninstalled certified 
engine. 
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(D) After engine eertlfioation, the engine manufacturer is 

responsible to ascertain that eaoh engine delivered will produce, as a minimum, 
the certified power without exceeding specification operating values; therefore, 
a "final run sheet" is created for every engine produced. Additionally, if 
needed, arrangements can usually be made with the engine manufacturer to obtain a 
torque system calibration for individual engines. This will further optimize the 
accuracy of the engines used in the flight test program. The engine manufacturer 
will also provide predicted uninstalled power available for the various power 
ratings. This information may be derived from an engine computer "oard deck" and 
from charts and tables in the engine detail installation manual. These data also 
provide engine performance for the range of altitudes and temperatures approved 
for the engine and include methods for correoting this performance for 
installation effects. The parameters contained in a typical "card deck" are 
plotted for one engine rating In figure 58-2. 

(B) Several power losses may be associated with installing an 
engine in a rotorcraft. Typical losses are air inlet losses, gear losses, air 
exhaust losses, and powered accessory losses suoh as electrical generators. 
Additional flight manual performance considerations are the torque indicating 
system accuracy and torque needle split. The predicted uninstalled power 
available engine characteristics cannot be assumed to be the actual power 
available after the engine is installed in the helioopter because this prooedure 
would negleot the installation power losses. It is necessary to know the 
installation losses in order to determine the flight manual performance. 
Installation losses are reflected reductions in available power resulting from 
being installed in a helioopter. These losses usually consist of those incurred 
due to engine inlet and/or exhaust design. The helioopter manufacturer conducts 
tests to confirm the installed speoifioation engine power available on which 
published performance is based. The specific methods used vary widely between 
manufacturers but usually inolude some combination of ground and flight tests. 

(F) The installed power available is, in most oases, lower 
than obtained on a test stand. This is especially true at lower airspeeds where 
exhaust reingestion may ooour and there are changes in airflow routing. The 
helicopter manufacturer may elect to determine the installation losses for 
different flight conditions to take any airspeed advantages. This is aooeptable 
if, for example, the hover performance is based on the actual power available 
from an installed minimum specification engine in a hover. Likewise, it is 
permissible for the rotorcraft manufacturer to determine his climb performance 
based on the actual power available from an installed minimum speoifioation 
engine at the published climb airspeed. This will allow the manufacturer to take 
advantage of, for example, lnoreased inlet efficiency. 

(11) Prooedure. 
(A) The Installed minimum specification engine power output 

has been predicted and calculated for various flight conditions. It is 
imperative that the predicted values be verified by aotual flight test. The 
flight test involves obtaining engine performance measurements at various power 
settings, altitudes, and ambient temperatures. The data should be obtained at 
the aotual flight oondition for which the performance is to be presented (i.e., 
hover, climb, or cruise). 
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(B) Following a power increase, engine temperature and/or 

r.p.m. can significantly decrease for a period of time as torque is held 
constant. Said another way, torque will increase if r.p.m, and/or temperature 
are held constant. T h i B is a characteristic typical of turbine engines due 
largely to expansion of turbine blades and reduced clearances in the engine. 
Some engines may show a temperature increase at constant power due to engine or 
temperature sensing system peculiarities. An engine will usually establish a 
stabilized relationship of power parameters in approximately 2 or 3 minutes. For 
this reason, the following procedure should be used when obtaining in-flight 
engine data. 

(1) To determine the takeoff and 2 l/2-minute values, first 
stabilize the engine at a low power setting. After stabilization, rapidly 
increase the power demand to takeoff and/or 2 l/2-minute power levels. Record 
the engine parameters as soon as the specification torque, temperature, or speed 
is attained. Care must be taken not to exceed a limit. These readings should be 
obtained approximately 15 seconds after power is initially applied. 

(2) To determine the 30-minute and/or maximum continuous power 
values, approximately 2 to 3 minutes of stabilization time after power is 
increased is generally used, but up to 5 minutes stabilization time is allowed. 
The reason for the different procedures is when a pilot requires takeoff or 
2 l/2-minute power values he is in a critical flight condition and does not have 
the luxury of waiting for the engine(s) to produce rated power. Stabilization 
time is allowed for the maximum continuous and 30-minute ratings because these 
values are not associated with flight conditions for which power is needed 
immediately. 

(C) The in-flight measurements recorded with the engine(s) on 
the flight test rotorcraft must be corrected downward if the test engine is above 
minimum specification and corrected upward for a test engine that is below 
minimum specification. This correction is necessary to verify that a minimum 
specification engine installed on a production rotorcraft i s capable of producing 
the power values used to compute the flight manual performance without exceeding 
any engine limit. In addition, if the production rotorcraft's power measurement 
devices have significant (greater than 3 percent) power error, t h i B error must be 
accounted for in a conservative manner. 

(D) On multiengine helicopters, the engine location may result 
in different installation losses between engines. If this condition exists, 
multiengine performance should be based on the total power available after 
considering the different installation losses and with minimum specification 
engines installed. One-engine-inoperative performance must be based on the loss 
of the engine which has the lowest installation losses. Additionally, the power 
losses due to such items as accessory bleed air, particle separators, engine 
driven accessories, etc., must be accounted for accordingly. 
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(E) Power available data should be obtained throughout the 

test program at various ambient conditions. Some engines have devices which 
restrict the mechanical NQ speed to a constant corrected speed at cold 
temperatures. Others may limit power to a fuel flow value which would be 
encountered only at certain ambients. Others may limit by torque limiting 
devices. Therefore, power available data should be obtained at various ambients 
to verify that all limiting devioes are functioning properly and have not been 
affected by the installation. 

(F) Through use, turbine engine power capabilities decrease 
with time. This is called engine deterioration. Deterioration is largely a 
funotion of the particular engine design, the manner, and the environment in 
which the engine is operated. There is a need, therefore, to provide a method 
which can be used in service to periodically determine the level of engine 
deterioration. A power assuranoe ourve is usually provided to allow the 
flightorew to know the power producing capabilities of any engine. A power 
assurance oheck is a check of the engine(s) which will determine that the 
engine(s) oan produce the power required to achieve flight manual performance. 
This oheok does not have to be done at maximum engine power. Figure 58-4 is a 
typical power assurance curve for an installed engine showing minimum acceptable 
torque which assures that power is available to meet the helicopter flight manual 
performance. Some power assuranoe ourves have maximum allowable NQ limits that 
must not be exceeded for a given torque value. An in-flight power assuranoe 
oheok may be used in addition to the pretakeoff oheok. The validation of either 
oheok must be done by the methodology used to determine the installed minimum 
specification engine power available. For the in-flight power assurance oheok 
there must be full aooountability for increased effioiency due to such items as 
inlet ram reoovery, absence of exhaust reingestion, eto. A power assurance oheok 
done statically and one oonduoted in-flight must yield the same torque 
margin(s). An engine may pass power assurance at low power but still may not be 
capable of producing the rated power values. This ocours when the ourve of 
corrected power and corrected temperature intersects the minimum uninstalled 
specification engine curve. If this condition exists, the entire power assurance 
and power available information must be reestablished. 

(5) Deteriorated Engine Power - Turboshaft Engine. 
(i) Background. 

(A) A specific engine model may have been certificated for 
operation with power which has "normally" deteriorated below specification. This 
"normal" deterioration refers to a gradual loss in engine performance, possibly 
caused by compressor errosion, as opposed to a sudden performance loss which may 
be due to mechanical damage. The application for deteriorated engine power 
should not be confused with the installed mechanical engine derating which is 
frequently used to match transmission and engine power capabilities. 
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(B) The use of deteriorated power is intended to allow 

continued operations with an engine which is serviceable and structurally sound, 
although aircraft performance may be depreciated. The useful life of the engine 
may, therefore, be extended at a dollar savings to the operator. 

(C) Although installed performance is the primary topic in 
this disoussion, considerations must be given to other operational characteristics 
and systems which may be affected by deteriorated engine power. These include: 

(1) Engine characteristics (§ 27.939). Surge margin, engine 
response, and air-restart capability might be affected and should be addressed, 
but flight testing may not be required depending on the individual engine/ 
airoraft installation and fuel scheduling mechanism. 

(2) Performance of customer bleed air systems may be degraded 
slightly* No problem would be anticipated unless certain items within the system 
depend on a critical P c for their function. 

(3) The maximum attainable gas produoer speed, and thus power 
available under certain ambients, may be affected if P c is an input to the fuel 
scheduling mechanism. 

(4) Systems for surge protection which sohedule on P 0 such 
as bleed valves, flow fences, bleed bands, and variable inlet guide vanes may be 
influenced. The effeot would normally be negligible unless when installed, the 
installation losses, combined with reduced P c because of deterioration, would 
cause the bleed device to open and reduce power at any one of the engine ratings. 

(11) Procedure. 
(A) The need for flight tests to verify predicted power 

available with deteriorated engines depends on the scope of testing which 
ooourred during initial certification. If the original helicopter certification 
included flight testing as described in paragraph (4) (engine power-turboshaft 
engines) herein for validation of power available, the need for a demonstration 
with deteriorated engines is greatly diminished and perhaps eliminated. 

(B) If flight testing to verify deteriorated engine power 
available is deemed necessary, the procedure used would be the same as that 
desoribed in paragraph (4) (engine power-turboshaft engines), except that the 
data would be corrected downward to a deteriorated engine runline. Efforts 
should ooncentrate on obtaining data in areas of the operational envelope where 
maximum gas producer speed is likely to be attained, or where bleed valves or 
other devices which sohedule on gas producer discharge pressure are likely to 
function. On many installations maximum gas producer speed will occur with oold 
temperatures and high altitudes; bleed valves and other devices which schedule on 
gas produoer discharge pressure are most likely to funotion and reduoe power on a 
hot day at low altitude. 
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(C) The adjustments to the normal power assuranoe oheok 

procedures for deteriorated engines will be influenced by the preferences of the 
aircraft manufacturer and by any special stipulations of the engine certification 
established as a oondition for the engine to remain in service when below 
specification. Possibly, more stringent and more complicated engine monitoring 
prooedures will be introduced when allowing the use of deteriorated power; for 
example, an in-flight trend monitoring program with the associated bookkeeping 
duties may be required. Such an in-flight prooedure must be evaluated by flight 
tests as desoribed in paragraph (4) (engine power-turboshaft engines) herein. 
Normally, however, the manufacturer would be expected to present a modification, 
or extension of the power assurance prooedure already in place for the 
speoifioation engine, whioh could eliminate the need for flight test evaluation. 
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FIGURE 58-1. SHAFT HORSEPOWER VS TURBINE OUTLET TEMPERATURE -
SEA LEVEL STANDARD DAY 
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FIGURE 58-3, INSTALLED TAKEOFF POWER AVAILABLE, ANTI-ICE OFF, 400 RPM 
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a. Explanation. Section 27.51 details the conditions under which takeoff 
data must he obtained. The flight manual must contain t h e technique(s) to he used 
to obtain the published flight manual takeoff procedures. Technique should not be 
confused with exceptional pilot skill and/or alertness as mentioned in § 27.51. 
Because rotorcraft differ, different pilot techniques are sometimes required to 
achieve the safest and most optimum takeoff performance. The recommended 
technique that is published in the flight manual m u B t be determined to be one that 
the operational pilot can duplicate using the minimum amount of type design 
cockpit instrumentation and the minimum crew. Only helicopter takeoff techniques 
will be covered in this section. 

b. Background. 
(1) Certain special takeoff techniques are necessary when a helicopter 

is unable to take off vertically because of altitude, weight, power effects, or 
operational limitations. The recommended technique used to take off under such 
conditions is to accelerate the helicopter in-ground-effect (IGE) to a 
predetermined airspeed prior to climbout. Takeoff tests are performed to 
determine the best repeatable technique(s) for a particular helicopter over the 
range of weight and altitude for which certification is requested. 

(2) Utilizing the total power available to execute a takeoff may not be 
operationally feasible due to such items as HV or aircraft attitude constraints. 
In such situations, hover power required plus some power increment may be the 
maximum recommended for use. 

(3) Wheel or skid height should be not less than that demonstrated 
satisfactorily for the high speed, low altitude portion of the HV curve, or that 
height below which ground contact may occur when accomplishing takeoff procedures. 

(4) For helicopters fitted with wheels, a running takeoff procedure may 
be accepted. 

c. Procedure. 
(l) There are different takeoff profiles which may be used to complete a 

maximum performance takeoff in a helicopter. The manufacturer will normally 
determine which method is best for a particular helicopter. The most commonly 
accepted method is the hover and level acceleration technique. In this technique, 
the helicopter is stabilized in a hover at the reference height. From the 
stabilized hover, the helicopter is accelerated to the climbout airspeed using the 
predetermined takeoff power. When the desired climbout airspeed is achieved, the 
helicopter is rotated and the climbout is accomplished at the scheduled 
airspeed(a) and constant rotor r.p.m. Power adjustments may be accomplished to 
maintain the targeted power except where procedure requires high workload outside 
the cockpit (i.e., that portion of takeoff where horizontal acceleration olose to 
the ground has pilot soan outside the cockpit and adjustment of engine torque or 
temperature would require an undue Increase In workload). The recommended takeoff 
procedure must be demonstrated to remain clear of the HV "avoid" areas without 
requiring exceptional piloting skill or exceptionally favorable conditions. 
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(2) The hover reference height is established as the minimum skid or 

wheel height above the takeoff surface from which a takeoff can consistently be 
accomplished in zero wind without contacting the runway surface. The takeoff 
must be accomplished with power fixed at the power required to hover at the hover 
reference height and must not require exceptional piloting skill to avoid runway 
surface oontaot. 
60.-62. RESERVED. 
63. § 27.65 (through Amendment 27-19) CLIMB: ALL ENGINES OPERATING, 

a. Explanation. 
(1) Rotorcraft other than helicopters. 

(i) Section 27.65 requires that the steady rate of climb be 
determined for eaoh rotorcraft other than helicopters with maximum continuous 
power on eaoh engine for the range of weights, altitudes, and temperatures for 
which oertifioation is requested. Equivalent levels of safety have been found 
wherein the applicant was allowed to select a climb airspeed that was not the 
actual Vy. The seleoted airspeed must be consistent with the speed used to 
show oomplianoe with such items as cooling, stability, etc. The rate of climb 
resulting from the selected climb airspeed versus that from the actual Vy shall 
not differ to an extent that a pilot will be encouraged, by appreciable Increases 
in climb performance, to fly a climb airspeed different from that published in 
the flight manual. 

(ii) For rotorcraft other than helicopters, the climb performance 
data obtained above must be used to show that a minimum climb gradient can be 
aohieved for eaoh weight, altitude, and temperature within the range for which 
certification is required. This gradient must be at least 1:10 if testing is 
done to determine the required takeoff distance over a 50-foot obstacle. If this 
option is selected, an explanation of the takeoff distance determination 
requirements and procedures may be found in paragraph 62 of AC 29-2. 

(Hi) If takeoff distanoe is not determined, the minimum olimb 
gradient must be 1:6 for standard sea level conditions. 

(2) For helicopters, Vy must be determined for standard sea level 
conditions at maximum weight using maximum continuous power on each engine. 
Although not required, the steady rate of olimb may be determined using the 
prooedure in paragraph 63c 

(3) For helicopters, if V N E &t any altitude is less than the maximum 
gross weight sea level standard day condition Vy, the steady rate of olimb must 
be determined at the olimb speed(s) seleoted by the applioant not to exoeed 
V N E * The olimb performance must be determined from 2,000 feet below the 
altitude from where V N E interseots Vy up to the maximum altitude for whioh 
oertifioation is requested. This should be done utilizing maximum continuous 
power on eaoh engine with the landing gear retraoted. 
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b. Procedure to Determine Vy. 
(1) Sawtooth climbs may be used to determine Vy. If suoh a teohnique 

is used, climbs should be flown in pairs on opposite headings 90° to the wind at 
the test altitude. This procedure will minimize any windshear effects. All 
testing must be done in smooth air. Windshear is usually an indication of 
unstable air or a temperature inversion and must also be avoided. The climbs are 
flown on reciprocal headings for approximately 5 minutes or through an altitude 
band using maximum continuous power at a constant airspeed. Periodic power 
adjustments may be neocessary. Additional reciprocal heading olimbs must also be 
conducted at different airspeeds above and below the airspeed at the lowest point 
of the power required versus airspeed curve. This technique oan be repeated at 
different altitudes to obtain V y throughout the altitude range. 

(2) Level flight performance (speed power) may also be used to 
determine Vy. The testing should be done in smooth air. The advantage of this 
method is that less time is required, and the accuracy is equivalent to the 
sawtooth climb method. The test can be repeated at various altitudes to 
determine the Vy throughout the altitude range desired for the helicopter. The 
test at eaoh altitude should be oonducted at a oonstant weight over sigma 
(W/C). The test is normally started at the desired W / c r with maximum continuous 
power, or at VNEI In level flight. A series of points should be taken, 
reducing airspeed 10 to 15 knots between points, with the lowest speed point 
around 20 to 30 knots. Weight should be computed for eaoh point and the test 
altitude adjusted to maintain a constant W /o - . After the data are reduced to 
standard day conditions, the minimum power required airspeed will be the Vy 
speed. 

(3 ) Prior to the flight test, the helicopter should be ballasted to the 
desired gross weight and the critical center of gravity. The airspeed should be 
stabilized prior to data acquisition. Data to be recorded includes time, 
altitude, airspeed, ambient temperature, engine parameters, torque(s), rotor 
r.p.m., fuel reading, aircraft heading, external configuration, etc. Power 
setting, weight, and climb airspeed should be planned prior to flight. For some 
turboshaft engines, temperature and/or engine speed limits may be reached prior 
to a limiting torque. The test team should verify that the resulting power 
utilized in these tests closely approximates the power producing capabilities of 
a minimum installed specification engine. 

c. Procedure to Determine All-Engine-Operating Climb Performance. 
(1) Background. Continuous olimbs are oonducted at the appropriate 

olimb airspeeds as outlined above in order to validate the helicopter's olimb 
performance. By-products are a qualitative evaluation of the helicopter handling 
characteristics in a climb and engine data to assist in the determination of 
installed power available. 

(2) Techniques. The climbs are conducted on reciprocal headings at the 
established airspeed(s) through the target altitude range. The same parameters 
are recorded as during sawtooth climbs. The helloopter will usually climb very 
rapidly during the first few thousand feet; therefore, the data acquisition 
method must be timely If acourate results are expeoted. This procedure is 
usually repeated at weight extremes. The resulting data must then be corrected 
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for power and weight. Power and weight oorreotions are satisfactory, provided 
the test powers and weights olosely approximate the target values to make the 
weight and power corrections small. Once this data is finalized and corrected 
for all the flight test variables, interpolation for intermediate weights can be 
made with a high degree of reliability. If the helloopter has any stability 
augmentation system, vent systems, etc., whioh may influence the climb 
performance, then it must be accounted for. Caution should be taken that 
anti-ice, air-conditioning, etc., are not on unless the performance is being 
established specifically for those conditions. 

64. § 27.67 (through Amendment 27-19) CLIMB: ONE ENGINE INOPERATIVE. 
a. Explanation. 

(1) Section 27.67 requires that for multiengine normal oategory 
helicopters, the steady rate of climb or descent with one engine inoperative must 
be determined at Vy (or at the speed for minimum rate of descent) for maximum 
gross weight. 

(2) The rate of climb (or desoent) will be determined with the oritioal 
engine inoperative and the remaining engine(s) at maximum continuous or 30-minute 
minimum specification Installed power available values. The landing gear should 
be retraoted if it is retractable. 

b. Procedures. 
(1) The prooedure discussed In paragraph 63 for all-engines-operating 

climb performance is also applicable to the OEI condition. For twin-engine 
helicopters that are shown not to have a "oritical engine" with respect to 
performance characteristics, both engines may be used to simulate the appropriate 
single-engine power available during these tests. 

(2) Adequate testing must be accomplished to determine the helicopter's 
OEI climb performance at maximum gross weight for all variations in altitude and 
temperature for inolusion in the Rotororaft Flight Manual. 

65. S 27.71 GLIDE PERFORMANCE (RESERVED). 
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66. § 27.73 (through Amendment 27-19) PERFORMANCE AT MINIMUM OPERATING SPEED. 
a. Explanation. 

(1) The word "hover" applies to a helicopter that Is airborne at a 
given altitude over a fixed geographical point regardless of wind. Pure hover is 
accomplished only in still air. For the purpose of this manual, the word "hover" 
will mean pure hover. 

(2) The regulatory requirement for hover performance, § 27.73* refers 
to hover in ground effect (IGE). For some applications, such as external load 
operations, hover performance out-of-ground effect (OGE) is necessary; however, 
it is not required by this seotion. Hover OGE is that oondition, where an 
increase in height above the ground will not require additional power to hover. 
Hover OGE is the absence of measurable ground effeot. It can be less than one 
rotor diameter at low gross weight increasing significantly at high gross 
weight. The lowest OGE hover height at gross weight may be approximated by 
placing the lowest part of the vehicle one and one-half rotor diameters above the 
surface. 

(3) The objective of hover performance tests is to determine the power 
required to hover at different gross weights, ambient temperatures, and pressure 
altitudes. Using nondimensional power coefficients (Cp) and thrust coefficients 
(C^) for normalizing and presenting test results minimizes the amount of data 
required to cover the helicopter's operating envelope. 

(4) Hover performance tests must be oonduoted over a sufficient range 
of pressure altitudes and weights to oover the approved ranges of those variables 
for takeoff and landing. Additional data should be acquired during cold ambient 
temperatures, especially at high altitudes, to account for possible Mach effects. 

(5) The hover ceiling for whioh data should be obtained and 
subsequently presented in the flight manual should be the same height consistent 
with the minimum hover height demonstrated during the takeoff tests. Refer to 
paragraph 59 for the procedure to determine this hover height. 

b. Procedures. 
(1) Two methods of acquiring hover performance data are the tethered 

and the free flight techniques. The tethered technique is aooomplished by 
tethering the helicopter to the ground using a cable and load cell. The load 
oell and cable are attached to the ground tie-down and to the helioopter cargo 
hook* The load oell is used to measure the helioopter*s pull on the oable. 
Hover heights are based on skid or wheel height above the ground. During 
tethered hover tests, the helioopter should be at light gross weight. The 
helioopter will be stabilized at a fixed power setting and rotor speed at the 
appropriate skid or wheel height. Onoe the required data are obtained, power 
should be varied from the minimum to the maximum allowed at various rotor r.p.m. 
This teohnique will produoe a large C^/Cp spread. The load oell reading is 
reoorded for eaoh stabilized point. The total thrust the rotor produces is equal 
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to the helicopter's gross weight plus the weight of the oables and load oell plus 
cable tension. Care must be taken that the cable tension does not exaeed the 
oargo hook limit or load capacity of the tie-down. For some helicopters, it may 
be necessary to ballast the helioopter to a heavy weight in order to record high 
power hover data. 

(2) The pilot maintains the helicopter in position so that the oables 
and load cell are perpendicular to the ground. To ensure the cable is vertical, 
two outside observers, one forward of the helioopter and one to one side, can be 
used. Either hand signals or radio can be used to direct the pilot. The 
observers should be provided with protective equipment. Positioning oan a l B O be 
accomplished by attaohing two aooelerometers to the load oell whioh sense angle 
or movement along the longitudinal and lateral axes. Any displacement of the 
load cell will be reflected on instrumentation in the cockpit, and by referenoe 
to this instrumentation, the helicopter oan be maintained in the oorreot 
position. Increased caution should be utilized as tethered hover heights are 
decreased because the helioopter may become more diffioult to oontrol preolsely. 
The tethered hover technique is especially useful for OGE hover performance data 
because the helicopter's internal weight is low and the cable and load oell oan 
be jettisoned in the event of an engine failure or other emergenoy. 

(3) To obtain consistent data, the wind velocity should be less than 
3 knots as there are no aocurate methods of correcting hover data for wind 
effects. Helioopters with high downwash velocities may tolerate higher wind 
velocities. The parameters usually reoorded at eaoh stabilized oondition are: 

(1) Engine torque. 
Cli) Rotor speed. 

(iii) Ambient temperatures. 
(iv) Pressure altitude. 
(v) Fuel used (or remaining). 

(vi) Load cell reading. 
(vii) Generator(s) load. 
(viii) Wind speed and direotion. 

As a technique, it is recommended the helioopter be loaded to a center of gravity 
near the hook to minimize fuselage angle changes with varying powers. All 
tethered hover data should be verified by a limited spotoheck using the free 
flight technique. The free flight technique as contained in paragraph 66b(4) 
will determine if any problems, such as load cell malfunctions, have oocurred. 
The free flight hover data must fall within the allowable soatter of the tethered 
data. 
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(4) If there are no provisions or equipment to conduct tethered hover 

tests, the free flight technique is also a valid method. The disadvantage of 
this teohnique as the primary souroe of data acquisition is that it is very time 
oonsuming. In addition a certain element of safety is lost OGE in the event of 
an emergency. The helicopter must be reballasted to different weights to allow 
the maximum C^/C p spread. When using the free flight teohnique, either as a 
primary data souroe or to substantiate the tethered teohnique, the same 
considerations for wind, reoorded parameters, etc., as used in the tethered 
teohnique apply. Free flight hover tests should be conducted at o.g. extremes to 
verify any o.g. effeots. If the helicopter has any stability augmentation system 
which may influenoe hover performance, it must be accounted for. 

(5) It is extremely diffioult to determine when a helioopter is 
hovering OGE at high altitudes above ground level sinoe there is no ground 
referenoe. In a true hover, the helioopter will drift with the wind* Numerous 
techniques have been tried to allow OGE hover data acquisition at high altitudes, 
all of whioh have resulted in muoh data scatter. Until a method is proposed and 
found acceptable to the FAA, OGE hover data must be obtained at the various 
altitude sites where IGE hover data are obtained. Hover performance can usually 
be extrapolated up to a maximum of 4,000 feet. 
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a. Explanation. 
(1) This rule incorporates all of the landing requirements for Part 27 

rotorcraft. 
(2) As with other flight maneuvers, landings must be accomplished with 

acceptable flight and ground characteristics using normal pilot skills. 
Seasonable sampling and extrapolation methods are, of course, allowed. General 
guidance on those subjects is given in paragraph 58 of this advisory circular. 
As in other performance areas, engines must be operated within approved limits. 

(3) Landing. Approach and landing path requirements are stated in 
general terms in paragraphs (a)(l) and (a)(2) of § 27.75. The approach path must 
allow smooth transition for a one-engine-inoperative landing and adequate 
clearance from potentially hazardous HV combinations. 

(4) All-engine-out landing. Section 27.75(b) contains the certification 
requirement for "last" engine failure and all-engines-inoperative landing. The 
rule states that it must be possible to make a safe landing after complete power 
failure during normal cruise. It is not intended that all engines be failed 
simultaneously, although complete power failure has occurred in twin-engine 
helicopters with Category A engine isolation. This requirement assures that in 
the event of cockpit mismanagement, fuel exhaustion, improper maintenance, fuel 
contamination, or unforeseen mechanical failures, a safe autorotation entry can 
be made and a safe power-off landing can be affected. Two separate aspects of 
this rule are normally evaluated at different times during the test program. The 
"last" engine failure is normally evaluated during cruise or V J J J; engine failure 
testing where instrumentation and critical loading have been established for 
those test conditions. The all-engine-out landing is ordinarily conducted in 
conjunction with an HV or landing distance phase where ground instrumentation and 
safety equipment are available. 

b. Procedures. 
(1) Instrumentation/Equipment. Aircraft instrumentation may include 

engine and flight parameters, control positions, power lever position, and 
landing gear loads. A record of rotor r.p.m. at touchdown is necessary to assure 
it does not exceed transient limits. Rotor r.p.m. at touchdown may be lower than 
the minimum transient limit for flight, provided stress limits are not exceeded. 
A crash recovery team with the support of a fire engine is highly desirable. 

(2) The one-engine-inoperative landing is similar in many respects to 
the HV tests described in paragraph 69 of this advisory circular. Most of the 
comments, cautions, and techniques for HV also apply here even though the typical 
flight conditions are less critical than limiting HV points due to a lower power 
level and an established rate of descent. The approach is made at a 
predetermined speed with one engine inoperative* The speed is reduced and the 
helicopter is flared to a conventional one-engine-inoperative landing. 
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(3) Power. Power should be limited to minimum specification values on 

the operating engine(s). This may be accomplished by adjustment of engine 
topping to minimum specification values for the range of atmospheric variables to 
be approved. This is frequently done by installing an adjustable device in the 
throttle linkage with a control in the cockpit so that engine topping can be 
accurately adjusted for varying ambient conditions. With such a device in the 
control system it becomes vitally important to check topping power prior to each 
test sequence. 

(4) Aircraft Loading. Aft center of gravity is usually most critical 
because visibility constraints limit the degree to which the pilot can see the 
landing surface during the flare. If a weight effect is shown, a minimum of two 
weights should be flown at each test altitude. One weight should be the maximum 
weight for prevailing conditions, and the other should provide a sufficient 
spread to validate weight accountability. 

(5) All-engine-out landing. 
(i) Several procedures can be utilized to demonstrate compliance 

with the all-engine-out landing requirement. As disoussed in the explanation 
portion of this paragraph, § 27.75(b) contains two separate requirements. One is 
the ability to transition safely into autorotation after failure of the last 
operative engine. The second aspect of this rule requires that a landing from 
autorotation be possible. The second requirement is discussed below. The 
maneuver is entered by smoothly reducing power at an optimum autorotation 
airspeed at a safe height above the landing surface. If a complete company test 
program has documented an all-engine-out landing to the GW/ (gross 
weight/density ratio) limit, verification tests may be initiated at those 
limiting weight conditions. If not, buildup testing should be initiated at light 
weight. This test is ordinarily conducted at mid center of gravity. Typically, 
all altitudes may be approved with two weight limit landings—one at sea level 
and one near maximum takeoff and landing altitude. 

(ii) Demonstrated compliance with this requirement is intended to 
show that an autorotative descent rate can be arrested, and forward speed at 
touchdown can be controlled to a reasonable value (less than 40 KTAS is 
recommended) to ensure a reasonable chance of survivability for the all engine 
failure condition. On multiengine helicopters, rotor inertia is typically lower 
than for single-engine helicopters. R.p.m. decays rapidly when the last engine 
is made inoperative. Due to this relatively low Inertia level, considerable 
collective may be needed to prevent rotor overspeed conditions when the 
helicopter is flared for landing. Also, when testing the final maximum weight 
points, the pilot should anticipate a need for considerable collective pitch to 
control rotor overspeed during autorotative descent, particularly at high 
altitude WAT limiting conditions. Some designs incorporate features which may 
lead to rotorcraft damage in testing this requirement (e.g., droop stop breakage 
or loss of directional control with skids) if landings are conducted to a full 
stop with the engines cut off. 
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(ill) The intent of this rule is to demonstrate controlled touchdown 

conditions and freedom from loss of control or apparent hazard to occupants when 
landing with all engines failed. In these oases compliance can be demonstrated 
by leaving throttles in the idle position and ensuring no power is delivered to 
the drive train. Also, computer analysis may be used In conjunction with 
simulated in-flight checks to give reasonable assurance that an aotual safe 
touohdown can be accomplished. Another method may be to make a power recovery 
after flare effectiveness of the helioopter has been determined. Other methods 
may be considered if they lead to reasonable assurance that descent can be 
arrested and forward speed controlled to allow safe landing with no injury to 
ocoupants when landing on a prepared surface with all engines failed. Regardless 
of the method(s) used to comply with this requirement, careful planning and 
analyses are very important due to the potentially hazardous aspeots of power off 
simulation and landing of a multiengine rotorcraft totally without power. The 
all-engine-inoperative landing test Is ordinarily done in conjunction with height 
velooity tests because ground and onboard instrumentation requirements are the 
same for both tests. 

(6) Prior to conducting these tests, the crew should be familiar with 
the engine inoperative landing characteristics of the helicopter. The flight 
profile may be entered in the same manner as a straight-in practice 
autorotation. It is recommended that for safety reasons idle power be used if a 
"needle split" (no engine power to the rotor) can be achieved. In some cases, a 
low engine idle adjustment has been set to assure needle split is attained. In 
other cases a temporary detent between idle and cutoff was used on the throttle. 
In a third case the engine was actually shut down on sample runs to verify that 
the engine power being delivered was not materially influencing landing 
capability or landing distances. The flare is maintained as long as is 
reasonable to dissipate speed and build r.p.m. Rotor r.p.m. must stay within 
allowable limits. Aft center of gravity is ordinarily critical due to visibility 
and flarabillty. Following the flare, the helicopter is allowed to touch down in 
a landing attitude. Rotor r.p.m. at touohdown should be reoorded, and it must be 
within allowable structural limits. 
68. RESERVED. 

Chap 2 
Par 67 127 



AC 27-1 8/29/85 

a. Explanation. 
(1) The height-speed envelope is normally referred to as the 

height-velocity (HV) diagram. It defines an envelope of airspeed and height 
above the ground from whioh a safe power-off or OEI landing cannot be made. The 
diagram normally consists of three portions: (a) the level flight (cruise) 
portion, (b) the takeoff portion, and (o) the high speed portion. See 
figure 69-1. The high speed portion is omitted on occasions when it can be shown 
that the helioopter oan suffer an engine failure at low altitude and high speed 
(up to V H) and make a successful landing or olimb out on the remaining engine(s). 

(2) Power failure, engine failure, throttle chop, or other similar 
terms used in this discussion mean a simulated engine failure. The actual 
shutdown of an engine to simulate an engine failure should not be necessary if 
the simulated procedure ensures that the engine power is suddenly removed from 
driving the rotor and remains so. The normal fuel control deceleration sohedule 
is usually satisfactory for the power removal for turbine engines but the 
flight/ground idle speed may have to be set lower than normal for HV testing. 

(3) The avoid areas of the HV diagram are separated by the takeoff 
corridor. This corridor should be wide enough to consistently permit a takeoff 
flight path dear of the HV diagram using normal pilot skill. The takeoff 
corridor should always permit a minimum of +5 knots clearance from oritical 
portions of the diagram. 

(4) The knee of the curve separates the takeoff portion from the cruise 
portion and is defined as the highest speed point on the low speed portion of the 
HV envelope. Altitudes above this point are considered cruise, or "fly-in,n 

points, and these test points require a minimum time delay of 1 second between 
throttle chop and oontrol aotuation (ref. § 27.143(d)). Altitudes below the knee 
represent takeoff profile points. For test points in the takeoff portion, 
takeoff power (or a lower power seleoted by the applicant as an operating 
procedure) and normal pilot reaction time for corrective oontrol actuation will 
be used. 

(5) Sinoe the HV diagram may represent the limiting capabilities of the 
rotororaft, each test point should be approached with caution. The 
manufacturer's buildup program should be reviewed to determine the amount of 
conservatism in the HV diagram (if any). It should be remembered that the 
operational pilot will be operating at or near the HV diagram without the benefit 
of a buildup program. Buildup testing is necessary, and it is most important to 
vary only one parameter at a time to prevent surprises. Light weight testing is 
ordinarily conducted first. High and low hover points are approaohed from above 
and below respectively. Portions near the knee are initially evaluated at high 
speed with subsequent baoking down of the speed. In most helicopters the 
effeotive flare airspeed is oritical. At airspeeds slightly below this value, 
the ability to arrest and control descent rates through use of an aft cyolio 
flare may be greatly diminished. Extreme oare should be exeroised when "baoking 
down" to lower speeds. 
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(6) In addition to the on-board and ground instrumentation, a motion 

ploture camera or other position measuring equipment should cover each run. 
(7) For FAA tests, the minimum required orew and the minimum instrument 

panel display presented for certification should be used. Ground safety 
equipment should be provided. 

(8) This test is the least prediotable of all the performance items. 
Therefore, the expansion end extrapolation of test data are questionable. Weight 
may not be extrapolated to higher values. In order to extrapolate HV data to 
higher altitudes, any analytical method must have FAA approval. In lieu of pure 
analytical methods, simulations have been used successfully, especially for 
multiengine helicopters. In either oase, the maximum allowable extrapolation 
should be limited to 2,000 feet density altitude (Hd). HV test weights for 
normal oategory helioopters are the maximum weight at sea level and some lessor 
weight at high density altitudes. The high density altitude HV curve needs to be 
defined only to 7,000 feet and may be a lower altitude if the helioopter does not 
have the performance capabilities to attain 7,000 feet. A weight less than the 
maximum weight may be used to define the high density altitude HV ourve, but this 
weight should not be less than the maximum weight that will allow hovering 
out-of-ground effeot. For a given diagram, typioal weight reduotions that are 
neoessary as altitude is inoreased oan be conservatively estimated by maintaining 
a constant gross weight divided by density ratio, G W / C . See figure 69-2, 
part A. If weight is not varied, an enlarged HV diagram is required for safe 
power-off landing as density altitude is inoreased. See figure 69-2, part 8* 
Another method of presentation is to show varying weights at a constant density 
altitude. (See figure 69-2, part C.) 

(9) Vertioal takeoff and landing (VT0L) testing normally does not 
require separate HV testing. The takeoff and landing tests take on the combined 
oharaoteristios of takeoff, landing, and HV tests. 

b. Frooedures. 
(1) Instrumentation. 

(i) Ground Station. The ground station must have equipment and 
instrumentation to determine wind direction and velocity, outside air 
temperature, and if the test helioopter has reoiprooating engines, humidity. 
Since the tests must be oonduoted in winds of 2 knots or less, a smoke generator 
is highly recommended to show both flightorew and ground orew personnel the wind 
direction and velocity at any given time. Additionally, the looation of the 
ground station should be such that it is free of rotor downwash at all times. 
Motion pioture or phototheodolite and radio equipment will be neoessary to 
properly conduct the test program. The use of telemetry equipment is desirable 
if the looation of the test site and the magnitude of the test program make it 
praotical. 
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(ii) Airborne Equipment (Test Helioopter). Necessary installed test 

equipment may include photopanels and/or reoorders for recording engine 
parameters, control positions, landing gear loads, landing gear deflections, 
airspeed, altitude, and other variables. An external light attached to the 
helicopter (or any other means of identifying the engine failure point to the 
ground camera or phototheodolite) is needed to identify the exact time of engine 
failure and may also be used to synchronize the ground reoorder with the airborne 
reoorded data. 

(2) Analytical Prediction. The HV diagram can be estimated by 
analytical means and this is reoommended prior to test. HV, however, is the 
least predictable of all helioopter performance and because of this, the 
expansion and extrapolation of test data must be done with great oare. Test 
weight may not be extrapolated. All test points should be approaohed 
conservatively with some speed or altitude margin. If the applicant has 
oonducted a comprehensive HV flight test program to validate his analytical 
predictions, much preliminary testing can be eliminated. In any case, the 
maximum allowable extrapolation from flight test conditions is 2,000 feet density 
altitude, and an approved analytical and/or simulation method must be utilized 
for extrapolation. 

(3) Power. 
(i) The appropriate power level before engine failure for the low 

and high hover points is simply the power required to hover at the prevailing 
hover conditions. The appropriate power condition prior to failure of the engine 
for points below the knee is takeoff power or a lower value if approved as an 
operating procedure. For cruise or "fly-in" points above the knee, the 
appropriate oondition is power required for level flight. 

(ii) The applicable power failure conditions are listed in 
§ 29.79(b). Power should be completely out for normal category helicopters. For 
multiengine helicopters with Category A engine isolation, only one engine need be 
failed and the desired topping power (for the remaining engine(s)) should be set 
prior to the test. This power value will need adjustment as ambient conditions 
ohange. The power can be takeoff power (TOP), 2 1/2-minute power, or some 
calculated lower power for simulating hot day or higher density altitude 
conditions. Power is verified and recorded by the pilot by "topping" the 
engine(s) prior to engine failure tests. Care must be taken to ensure that this 
power value is no more than that whiob would be delivered by a minimum 
speoifioation engine under the ambient conditions to be approved. 

(4) Test Loadings. Weight extrapolation is not permitted for HV. 
Therefore, the test weight must be closely controlled. Ballast or fuel should be 
added frequently to maintain the weight within -1 to +5 percent when testing 
final points. Ordinarily, tests are conducted at a mid center of gravity unless 
a particular loading is expeoted to be particularly critical* 
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(5) Landing Gear Loads. 

(I) Instrumented landing gear oan be a great help in evaluating 
test results. This information oan be telemetered to a ground station or 
otherwise reoorded and displayed for direct referenoe following each landing. 

(ii) Any landing which results in permanent deformation of aircraft 
structure or landing gear beyond allowable maintenance limits is considered an 
unsatisfactory teat point. 

(6) Piloting Considerations. In verifying the HV diagram, the minimum 
certificated instrument panel display and minimum orew should be used in order 
not to mislead the operational pilot who has no test equipment available and may 
have no copilot to assist. Three distinctly different flight profiles are 
utilized in developing the diagram. 

(1) High Hover. A stabilized out-of-ground-effeot (OGE) hover 
condition prior to power failure is essential. A minimum 1-seoond time delay 
between power failure and initial oontrol actuation is utilized. Following the 
time delay, the primary concern is to quickly lower collective and to gain 
sufficient airspeed to allow an effective flare approaching touchdown. While the 
immediate development of airspeed is necessary, the dive angle must 
be reasonable and must be representative of that expected in service. While 
initial aircraft attitude will vary between models and with ohanging conditions, 
10°-20° has been previously applied as a maximum allowable nose down pitch 
attitude. Use of greater attitudes could result in a diagram which is difficult 
to achieve and unrealistic for operations in service. Initial testing should 
start relatively high with gradual lowering of height to the final high hover 
altitude. A stabilized OGE hover condition prior to power failure is essential. 
If a stabilized high hover condition cannot be achieved prior to the engine out, 
then this point should be tested from a minimum level flight speed. This will 
result in an open-ended HV diagram. A smoke source or balloon on a long cord is 
highly desirable since the wind can vary significantly from surface observations 
to typical high hover altitudes. Vertical speed must be very near zero at the 
throttle chop. Any climb or sink rate oan have a significant influence on the 
success of the test point. Use of a radar altimeter with a oross check to 
barometric altitude is essential. 

(ii) Low Hover. From the low hover position there is no flare 
capability and little time for collective reaotion. No time delay is applied 
other than normal pilot reaction. For typical designs the collective may not 
be lowered after power failure. Lowering of the collective is not permitted 
beoause it is not a pilot action which could be expected if an engine failed 
without notice during a hovering condition in service. Initial lowering of 
collective immediately after power failure oan result in a very high, 
unconservative low hover height that is unrealistio for operational conditions. 
If, however, a design is such that a l-second pilot delay after power failure 
could be achieved without any appreciable descent, a slight lowering of 
oolleotive oould be allowed. 
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(111) Takeoff Corridor. Normal pilot reaction is applied when the 

engine is made inoperative. At low speeds, collective may be lowered quickly to 
retain r.p.m. and minimize the time between power failure and ground contact. If 
airspeed is sufficient for an effective flare, the aircraft is flared to reduce 
airspeed, retain rotor r.p.m., and oontrol vertioal speed prior to touchdown. 
Considerable surface area may be needed for a sliding or rolling stop. 

(iv) Additional Considerations. The "in-between" points utilize 
similar teohniques. The cruise or "fly-in" points are similar to the high hover 
point although the steep initial pitch attitudes are not needed as altitude is 
decreased and airspeed is increased along the curve. The low speed points along 
the takeoff oorridor are similar to the low hover point except that the 
collective may be qulokly lowered and some flare oapability may be used as the 
"knee" is approached. The pilot should be proficient in all normal autorotation 
landings before conducting HV tests in a single-engine helioopter. 

(7) Ground Support. Motion picture or theodolite coverage and ground 
safety equipment are necessary. Communication oapability among these elements 
should be provided. Use of a phototheodolite to compare height/speed with 
oookpit observations is very desirable. 

(8) Verifying the HV Diagram. 
(i) A sufficient number of test points must be flown to verify the 

diagram. The key areas are the knee, high altitude hover, low altitude hover, 
and low altitude high speed flight. Test points with excessive gear loads, 
exceptional skill requirements, winds above permissible levels, rotor droop below 
approved minimum transient r.p.m., damage to the helioopter, excessive power, 
inoorreot time delay, etc., oannot be accepted. 

(11) After the HV diagram is defined, it should be ascertained that 
the corridor permits takeoffs within +5 knots of the recommended takeoff 
profile. 

(9) Flight Manual. The flight manual should list any procedures which 
may apply to specific points (e.g., high speed points) and test oonditlons, such 
as runway surface, wave height for amphibious tests, marginal areas of 
controllability or landing gear response, eto. The HV curve should be presented 
in the RFM using actual altitude above ground level and indicated airspeed. 

(10) Night Evaluation. If a helicopter is to be certified for night 
operation, a night evaluation is required. Simulated engine failures should be 
oonduoted along the recommended takeoff path. Landings should also be 
qualitatively evaluated with an engine failed. Engine failures at critical HV 
conditions are not required. The intent is to show adequate visibility using 
airoraft and/or runway lights without requiring a duplication of the daytime HV 
test program. 
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(11) Water Landings. For amphibious float-equipped rotorcraft, day and 

night water landings should be oonduoted under critical loading conditions with 
an engine failed. Engine failures should be oonduoted along the recommended 
takeoff path. Engine failures at oritioal HV conditions are not required. The 
intent is to show similarity to test results over land without requiring a 
duplication of the HV test program. 
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SECTION 4. FLIGHT CHARACTERISTICS 
80. § 27.141 (through Amendment 27-19) GENERAL, 

a. Explanation. 
(1) This seotion prescribes the general flight characteristics required 

for oertifioation of a normal oategory helicopter. Speoifloally. it states that 
the helicopter shall comply with the flight characteristics requirements at all 
approved operating altitudes, gross weights, center of gravity locations, 
airspeeds, power, and rotor speed conditions for whioh certification is 
requested. While § 27.141(a) does not specifically refer to ambient temperature, 
the reference to "altitude" in § 27.141(a)(1) Is correotly interpreted as 
"density altitude." Density altitude is, of course, a function of pressure 
altitude and ambient temperature, henoe the need to account for ambient 
temperature effects. Additional flight characteristics required for instrument 
flight are contained in paragraph 775 of this advisory oiroular. 

(2) Generally, the aircraft structural (load level) survey accounts for 
takeoff power values at speeds up to and including V v. At speeds above V», 
maximum continuous power is assumed. Stress to rotating components usually 
inoreases with airspeed and power* If the takeoff power rating exceeds the 
maximum continuous power rating, and the structural survey has been oonduoted 
under the assumption that takeoff power is not used at speeds above V y, the Rotorcraft Flight Manual must limit takeoff power to speeds of V« and below. 
If takeoff power is structurally substantiated throughout the flight envelope, 
and appropriate portions of the controllability, maneuverability, and trim 
requirements of §§ 27.141 through 27.161 are met at takeoff power levels, no 
flight manual entry is needed. Obviously if transmission limits for maximum 
continuous (MC) and takeoff power coincide, no special action is needed. 

(3) During the flight characteristics testing, the controls must be 
rigged in accordance with the approved rigging instructions and tolerances. The 
control system rigging must be known prior to testing. In addition to the normal 
rigging procedures, any programmed control surfaces whioh may be operated by 
dynamic pressure, electronics, etc., must also be calibrated. During the flight 
test program, it is frequently necessary to rig a control, such as the swashplate 
or tail rotor blade angle, to the allowable critical extreme of the tolerance 
band. For example, it would be neoessary to rig the tail rotor to the minimum 
allowable blade angle if meeting the requirements of § 27.143(c) would be in 
question. The same consideration must be given to all helicopter controls and 
movable aerodynamio surfaoes where questionable compliance with the regulations 
may exist. If the rotor-induoed vibration oharaoteristios of the helicopter are 
significantly affected and require tlme-oonsuming rigging for such things as 
acceptable ride comfort, then the rotor(s) should be rigged to the allowable 
extreme tolerance limits to determine compliance, for example, with § 27.251. 

(4) During the FAA flight test program, the crew should be especially 
alert for conditions requiring great attentlveness, high skill levels, or 
exceptional strength. If any of these features appear marginal, it is advisable 
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to obtain another pilot's opinion and to oarefully document the results of these 
evaluations. Section 27.141(b) provides the regulatory basis for these strength 
and skill requirements. The general requirements for a smooth transition 
capability between appropriate flight conditions are also included in 
§ 27.141(b). These requirements must also be met during appropriate engine 
failure conditions for each category of rotorcraft. 

(5) For night or IFR approval, § 27.141(c) oontains the general 
regulatory referenoe whioh requires additional characteristics for night and IFR 
flight. The appropriate flight test procedures are included in other portions of 
this order. 
81. § 27.143 CONTROLLABILITY AND MANEUVERABILITY. (RESERVED) 
82. § 27.151 FLIGHT CONTROLS. (RESERVED) 
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a. Explanation. 
(1) The pilot has many tasks to perform with eaoh hand during sustained 

flight oonditlons. The trim requirement is intended to reduce the physloal 
demands to maintain a given flight condition. It is not intended to require that 
oontrol foroes be reduced to zero by the trim oontrol during dynamio maneuvers 
such as takeoff acceleration. 

(2) A number of devioes may be used to produce the neoessary trim 
oharaoteristios. One popular method of meeting this requirement is through the 
use of oontrol balanoe springs in conjunction with a small amount of built-in 
oontrol system friotion. Other methods include use of friction, magnetic brakes, 
bungees, and irreversible mechanical schemes. 

(3) This regulation is not intended to require zero friction or zero 
breakout force in the control system, nor is it intended to require automatic 
oontrol reoentering. The regulation, in fact, speoifioally prohibits excessive 
high friotion or high breakout foroes which would produce undesirable 
discontinuities in the primary oontrol force gradient. 

b. Procedures« 
(1) If comprehensive company flight test data are available, compliance 

with this requirement can quickly be found by spot ohecking extreme center of 
gravity loadings. Trim tests oan ordinarily be done during the course of other 
flight test activities. To oonduot the test, briefly release the oontrol at the 
required flight oonditlons and determine that the control does not move. The 
words "any appropriate speed" ordinarily inolude any speed from hover to V^. 
If the oontrol system trim device might be subject to temperature or humidity 
effects, these should be investigated at a minimum of two altitude extremes and 
during several test phases. 

(2) If a pilot controllable variable friotion device is incorporated, 
compliance with this requirement must be shown at the minimum adjustable value. 
The maximum value of adjustable friction should not completely lock the flight 
controls. 

(3) Continued oomplianoe with this requirement should be ensured 
through a produotion procedure. If minimum friction or oentering springs are 
used, it is desirable for the manufacturer to include some adjustment capability 
for produotion differences. The explanation and prooedures discussed here are 
applicable for VFR approval under § 27.161. For additional IFR trim 
requirements, refer to paragraph 775 of this advisory oiroular. 
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a. Explanation. This section is intended to require a manageable pilot 
workload for the minimum crew under foreseeable operating conditions. 

b. Procedures. 
(1) Compliance with the requirements of this section can often be 

obtained for the VFR condition without any specific or designated flight 
testing. If the rotorcraft is marginal in regard to pilot strain and fatigue, 
the FAA pilot should be assured, through special tests if necessary, that the 
aircraft can be satisfactorily flown throughout the maximum endurance 
capabilities of the helicopter including night and turbulence conditions if those 
are critical. This test should be conducted with minimum required systems in the 
aircraft and with minimum flightcrew. 

(2) Reasonable failure conditions which add to pilot workload, strain, 
and fatigue should be evaluated (electrical, hydraulic, and mechanical failures, 
etc.). The necessary times associated with flight with a failed system must be 
appropriate to the flight manual procedures for each failure. A failure 
condition requiring immediate landing would obviously require shorter evaluation 
time than a condition allowing continued flight to destination. 

(3) IFR approvals necessitate a careful evaluation of paragraphs b (l) 
and (2) above. In IFR operations, weather conditions frequently necessitate 
continued flight to destination or diversion to alternate airports with critical 
failures. Immediate landing may not be feasible. The evaluating pilot must 
ensure pilot strain and fatigue are acceptable during typical flight profiles for 
each type of operation to be approved. 

85. § 27.175 (through Amendment 27-19) STATIC LONGITUDINAL STABILITY, 
a. Explanation. 

(l) This rule contains control requirements for both stability and 
control. Paragraph (a) contains the basic control philosophy necessary for all 
civil aircraft. Forward motion of the cyclic control must produce increasing 
speeds, and aft motion must result in decreasing speeds. For helicopters, this 
is accomplished with throttle and collective held constant. Helicopters with 
either highly stable or highly unstable static longitudinal stability 
characteristics can typically comply with the basic requirement for control sense 
of motion. However, the intent and interpretation of this paragraph is to 
provide a stable stick position versus airspeed gradient. Therefore, a 
stabilized airspeed l e B S than the trim B p e e d requires a cyclic stick position aft 
of the trim stick position, and a stabilized airspeed greater than the trim speed 
requires a cyclic stick position forward of the trim speed stick position. 
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(2) The remainder of § 27.173i through referenoe to § 27.175, contains 

the basic control position requirements necessary to establish a minimum level of 
static longitudinal stability. Positive stability is found for conditions of 
climb, cruise, and autorotation in § 27.175 by requiring a stable stlok position 
gradient through a specified speed range. A defined level of instability is 
permitted for the hovering condition. 

b. Procedures. 
(1) The oontrol requirement of this section is so essential to basic 

flight meohanios that compliance may be found during conventional flight testing 
for compliance with other portions of the regulations. No speoial or designated 
testing should be required. 

(2) The procedures necessary to ensure compliance with the stability 
requirements of this seotion are oontained under § 27.175. Refer to paragraph 86 
of this advisory ciroular for an explanation of detailed flight test procedures. 
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86. § 27.175 (through Amendment 27-19) DEMONSTRATION OF STATIC LONGITUDINAL 

STABILITY. 
a. Explanation. 

(1) This rule incorporates the specific flight requirements for 
demonstration of static longitudinal stability. Specific loadings, 
configurations, power levels, and speed ranges are stated for conditions of 
climb, oruise, autorotatlon, and hover. 

(2) Some helicopters in forward flight experience significant changes 
in engine power with ohanges in airspeed even though collective and throttle 
controls are held fixed and altitude remains relatively constant. For these 
cases, the guidance in § 27.173 which states that throttle and collective pitch 
must be held constant is appropriate for administration of this rule, and the 
speoified power in § 27.175(a), (b), and (c) should be considered as power 
established at initial trim conditions. This will result in slightly higher or 
lower torque readings at "off trim" conditions. Collective and throttle controls 
are held constant when obtaining data during climb, cruise, and autorotatlon 
tests. 

(3) The effects of rotor r.p.m. on autorotative static stability should 
be determined and positive stability demonstrated for the most oritical r.p.m. 
Values for r.p.m. can be expeoted to change as airspeed is varied from the 
"trimmed" condition. The manufacturer's recommended autorotatlon airspeed is 
ordinarily used for trim. 

(4) Hovering is considered a flight maneuver for which the pilot 
repeatedly adjusts collective to maintain an approximately constant altitude 
above the ground. For hover stability tests, oolleotive and throttle adjustments 
are made as necessary to maintain an approximately constant height above the 
ground. Also, a limited amount of negative longitudinal control travel is 
allowed with ohanges in speed. 

b. Prooedure. 
(1) Instrumentation. 

(i) Sensitive oontrol position instrumentation is mandatory. 
Engine power parameters should be recorded at trim. For testing of minor 
modifications or when using a "before and after" method, a tape measure or a 
stick plotting board may be utilized. A stick plotting board consists of a level 
surface with a clean sheet of paper on it attaohed to the oookpit or seat 
structure. The installation must not interfere when the flight controls are 
fully displaced. A recording pencil is attached to the cyclic control by an 
offsetting arm in such a manner that it can be pushed down on the board to record 
relative cyclio position at key times during test maneuvers. The figure 86-1 
plot is a typical presentation of longitudinal static stability. 
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(11) Other necessary parameters Include pressure altitude, ambient 

temperature, and indicated airspeed (paoe vehicle or theodolite speed for hover 
tests). For hover tests, hover height (radar altitude if available) and surface 
winds should be documented. Two-way communication with a pace vehicle is highly 
desirable. Ground safety equipment is desirable. 

(2) Ambient Conditions. Smooth air is necessary for stability 
testing. Allowable wind conditions for hover stability testing are the same as 
those for hover controllability tests. Extrapolation is covered in paragraph 58 
of this advisory circular. 

(3) Loading. Aft oenter of gravity (o.g.) is ordinarily oritioal for 
longitudinal stability testing, although high speed flight and hover should be 
checked at full forward o.g. and maximum weight. At aft e.g., light or heavy 
weight conditions oan be oritioal. The manufacturer's flight data should be 
reviewed to determine oritioal loading oonditlons. 

(4) Conducting The Test. 
(i) The helicopter should be established in the desired 

configuration and flight condition (climb, oruise, autorotation) with the 
required power and rotor speed at the trim airspeed. The oolleotive stick should 
be fixed in that position, usually by applying sufficient friction to ensure that 
It is not inadvertently moved. For autorotative tests, a rotor speed should be 
selected so that the variations in rotor speed as airspeed and altitude change do 
not exceed the allowable limits. This point is recorded as the trim point. 
Airspeed is then inoreased or deoreased in about 10-knot increments, stabilizing 
on eaoh speed and recording the data. At least two points on each side of the 
trim speed should be taken. 

(ii) The cruise test should be accomplished by first determining 
Vfj (level flight speed at maximum continuous power) at the test altitude. Then 
reduoe power to establish a level flight trimmed oondition at 0.9 V H (or 0.9 
V J J E if lower). This point is then recorded as the trim point. The collective 
pitch and throttle must remain fixed at the trim setting for the remainder of the 
test. The airspeed is then varied above and below the trim speed using the 
oyclio control to olimb or dive slightly. 

(iii) For olimb and autorotation tests, oonduot fixed oolleotive 
tests through an altitude band (usually +2,000 feet), first increasing airspeed 
as data points are collected, then decreasing speed through the same altitude 
band. It will probably not be possible to obtain the required data on one pass 
through the altitude band. If repeated passes are required, a trim point should 
be taken at the beginning of eaoh pass unless very sensitive oolleotive pitch 
position information is available in the cockpit. Generally, it will be possible 
to acquire all the high speed points on one pass and the low speed points on the 
seoond. 
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(iv) If extremely precise results are required, an alternate method 
of testing can be used to acquire the data at a constant altitude. For cruise, 
data can be obtained by alternating airspeeds above and below the trim speed to 
arrive in the vicinity of the test altitude asrthe point is recorded. This 
method results in very precise data beoause collective and throttle are not moved 
as airspeed is changed at a oonstant altitude. A typical sequence of speeds that 
could produce these results would be: 150 (VR). 135 (0.9VH) trim speed, 125, 
145, 115, 155, 105, and 165. 

(v) For helicopters with high rates of climb, a series of olimbs, 
eaoh at a different speed, may be required through a given altitude, utilizing 
sensitive Instrumentation to ensure collective position is the same for each data 
point. In autorotatlon, a similar oase arises and a series of desoents, each at 
a different speed, may be required through a given altitude band, using sensitive 
instrumentation to ensure a repeatable collective position. 

(vi) Hover tests should be oonduoted by maintaining an approximately 
constant altitude above the ground at the hover height established for 
performance purposes. The test altitude above the ground may be increased to 
provide reasonable ground olearanoe during rearward flight. Groundspeed is 
varied using a pace vehiole, theodolite, or other velocity measuring equipment. 
A pace vehicle is an aid in maintaining an aoourate hover height. The pilot can 
accurately maintain height by controlling his sight pioture of the pace vehicle 
(level with the roof, antenna, etc). Hover stability tests are ordinarily 
conducted in conjunction with hover controllability tests because instrumentation 
and facilities are essentially the same. 

(vil) Normally, climb, cruise, and autorotatlon tests should be 
conducted at low, medium, and high altitudes. See paragraph 58 for guidance on 
interpolation and extrapolation. High speed stability has been critioal during 
cold weather testing. In two recent models, V N E at oold temperatures has been limited by the stability requirements of $ 27.175(b). Cold weather testing 
should be accomplished or a conservative approach for advancing blade tip Mach 
number should be used to limit oold weather V K E to tip Mach number values demonstrated during warm weather testing. 

(viii) Hover stability should be verified at low altitude and, if 
required, at high altitude. Refer to paragraph 58b(2) for guidance on expansion 
and extrapolation of altitude. 
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96. § 27.231 ( th rough Amendment 27-19) GENERAL. 

a . E x p l a n a t i o n . The r u l e s t a t e s : "The r o t o r c r a f t must have s a t i s f a c t o r y 
ground and water hand l i ng c h a r a c t e r i s t i c s , i n o l u d i n g freedom from u n c o n t r o l l a b l e 
tendencies i n any c o n d i t i o n expected i n o p e r a t i o n . " I n a d d i t i o n , §§ 27.235, 
27 .239, and 27.241 c o n t a i n s p e c i f i c requ i rements concern ing ground and water 
hand l ing c h a r a c t e r i s t i c e v a l u a t i o n s . 

b. Procedures. 

(1) Dur ing the f l i g h t t e s t program and the F&R program (§ 2 1 . 3 5 ( b ) ( 2 ) ) , 
the h e l i c o p t e r s w i l l be sub jec ted t o e v a l u a t i o n s a t va r i ous weight and e . g . 
c o n d i t i o n s . Any u n c o n t r o l l a b l e tendenc ies found d u r i n g these t e s t programs must 
be c o r r e o t e d . 

(2) C o n t r o l l a b l e o r damped v i b r a t i o n s o r o s o i l l a t i o n s on the ground o r 
i n the water are accep tab le , p rov ided t h e des ign l i m i t s o f t h e r o t o r c r a f t are no t 
exceeded. 

(3) Any s i g n i f i c a n t v i b r a t i o n o r o s c i l l a t i o n c h a r a c t e r i s t i c s found 
d u r i n g t e s t s should be desor ibed i n the t e s t r e p o r t , and the r o t o r c r a f t f l i g h t 
manual should c o n t a i n a p p r o p r i a t e d e s c r i p t i o n s and procedures t o desc r i be and 
e i t h e r avo id o r handle s i g n i f i c a n t c h a r a c t e r i s t i c s . 

(4) For r o t o r o r a f t equipped w i t h wheel gear , the e v a l u a t i o n should 
ino lude t a k e o f f , l a n d i n g , and t a x i a t t h e maximum speed and a t e . g . extremes. I f 
a nose o r t a i l wheel l o o k / s w i v e l c o n t r o l i s i n s t a l l e d , each p o s i t i o n should be 
eva lua ted f o r l i m i t i n g t a k e o f f , l a n d i n g , and t a x i speeds. Maximum s u b s t a n t i a t e d 
speed va lues should be i nc luded i n the RFM as l i m i t a t i o n s . 

(5) For water o p e r a t i o n s , the wave h e i g h t and f requenoy o r "sea s t a t e " 
should be ino luded as a l i m i t a t i o n o r , i f no l i m i t was reached d u r i n g t e s t i n g , 
the demonstrated va lues should be p laced i n the Performance Sec t ion o f the RFM* 
I n f o rma t i on o r l i m i t s on the a l l o w a b l e "sea s t a t e " f o r r o t o r s t a r t u p and shutdown 
should a l so be i n c l u d e d . 

97 . § 27.235 ( th rough Amendment 27-19) TAXIING CONDITION. 

a* E x p l a n a t i o n . The r o t o r c r a f t i s designed f o r o e r t a i n l a n d i n g l oad 
f a c t o r s (§§ 27.471 and 27 .473 ) . The r o t o r o r a f t must n o t a t t a i n a load f a c t o r i n 
excess o f the des ign load f a c t o r when t a x i e d over t h e roughest ground t h a t may 
reasonably be expected i n normal o p e r a t i o n a t the expected t a x i speeds. This 
r u l e a p p l i e s t o wheel l a n d i n g gear equipped r o t o r c r a f t . 

b . Procedures. The s t r u c t u r a l s u b s t a n t i a t i o n data c o n t a i n the a l l owab le 
des ign l i m i t s f o r t he r o t o r o r a f t . A c a l i b r a t e d acce lerometer o r load f a c t o r " g " 
meter should be i n s t a l l e d as near as p r a c t i c a b l e t o the r o t o r c r a f t e . g . t o reoord 
the maximum v e r t i c a l load f a c t o r a t t a i n e d . I n s t r u m e n t a t i o n o f the l a n d i n g gear 
and/or r e l a t e d s t r u c t u r e may a l s o be an accep tab le means o f showing compl iance. 
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(1) Calibrated instrumentation should be installed to record the 

maximum loads or maximum vertical load faotor attained during the taxi tests. 
(2) The taxi surface should be evaluated for compliance with the rule. 

Corrugated surfaces as well as broken or uneven surfaoes (in accordance with the 
rule) should be used. 

(3) Representative typical taxi speeds, up to the maximum selected by 
the applloant, should be attained over the seleoted taxi surfaoes. 

(4) A light and heavy rotororaft weight condition should be evaluated. 
(5) Limitations appropriate for the rotororaft design should be 

included in the flight manual. If these tests indioate that it is unlikely that 
limit load faotors will be attained while taxiing, flight manual limitations may 
not be neoessary* 

(6) Pertinent taxi information obtained from these test oonditlons may 
be included in normal procedures of the flight manual. 

Chap 2 
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a. Explanation. The intent of this requirement is to evaluate by 
demonstration that water spray does not obscure visibility (day or night) or 
damage the rotororaft during normal waterborne operation (for those rotorcraft 
which have waterborne or amphibious capability). 

b. Procedures. 
(1) The following maneuvers should be evaluated in ambient 

conditions up to the proposed sea state or wave height for operation. 

Con-
fig. 

Condi
tion Weight CG 

Rotor 
RPM 

Alti
tude Remarks 

1 Taxi Max Optional Max SL Speeds up to maximum proposed 
for water operation. 

CM Hover Max Opt Max - Determine critical hover 
height, if any. 

3 Takeoff Max Opt Max SL Unstick at maximum proposed 
water operation speed. 

4 Land Max Opt Max SL Touchdown at maximum proposed 
for water operation. 

5 Shutdown Opt Opt - SL Shut down the rotororaft. 
6 Start Max Opt Max SL Start engines and release rotor 

brake. 

(2) The maximum sea state or wave height evaluated under this rule 
should be stated and included in the limitations section of the flight manual. 

(3) The effeot of saltwater contamination and deterioration of turbine 
engines and other component parts of the rotororaft should be considered in 
accordance with § 27*609 and paragraph 245 of this advisory circular. Information 
on saltwater effeot and attendant corrective aotion should be provided in the 
flight manual, if appropriate, and in the maintenance manual. 
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a. Explanation. 
(1) The rule states: "The rotorcraft may have no dangerous tendency to 

oscillate on the ground with the rotor turning." This rule is a flight 
requirement that pertains to demonstrating freedom from dangerous osoillatibns on 
the ground. CAR Part 6, predeoessor to EAR Part 27 , originally contained a 
"strength requirement" under § 6.203 requiring ground vibration tests* These 
tests would Identify critical vibration frequencies and modes of the rotorcraft* 
CAR Part 6, Amendment 6-4, effeotive October 1, 1959, removed this ground 
vibration requirement beoause the agency oonoluded that if any major component has 
a natural frequency whioh oould be exolted by some operating parameter, such a 
condition would be revealed in the course of other ground and flight tests. The 
FAA apparently was depending on demonstrations under § 6.131/$ 27.241 and the 
flight load survey data (§ 27*571) to satisfy the objeotive of the vibration 
test. However, Part 27, Amendment 27-2, oontained new § 27.663 adding reliability 
and damping action investigation requirements for ground resonanoe prevention 
means. A ground vibration survey was not reinstituted by the adoption of 
§ 27.663* Compliance with § 27*663 does require investigation and substantiation 
as stated. 

(2) "Ground resonance" is a meohanioal Instability of the airoraft 
while in contaot with the ground, often when partially airborne. Stated 
another way "ground resonance" Is a self-exoited meohanioal instability that 
involves coupling between the in-plane motion of the rotor blade and the 
motion of the helioopter as a whole on its landing gear (ref. "Aerodynamics of 
the Helicopter," Gessow & Myers, page 308). It is caused by the motion of the 
blade in the plane of rotation (called in-plane vibration) coupled with a 
rocking or vertical motion of the aircraft as a whole. The tires, landing 
gear, and rotor pylon restraint structure act as a spring with a vibration 
frequency which coincides or couples with the natural in-plane frequency of 
the blade about a real or effeotive drag hinge in the plane of rotation. When 
the frequencies of the two motions (rotor and airframe) approaoh eaoh other 
and couple, a violent shaking of the rotororaft may occur whioh, if undamped, 
could result in the destruction of the rotororaft. 

(3) Ground resonance can ooour due to flexibility in the rotor pylon 
restraint system as well as with landing gear flexibilities. This mode of 
vibration or resonanoe can happen in flight (oalled air resonanoe) as well as on 
the ground and should be addressed in the certification program. The evaluation 
should include variations in stiffness and damping that could ooour in service to 
the rotor pylon restraints. 

(4) Ground resonance may be prevented by placing the first order 
in-plane vibration frequenoy above the rotor turning speed. 
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(5 ) For Bueh configurations whioh are not susceptible to ground 

resonance (first order in-plane frequenoy above rotor turning speed), a simple 
rotor r.p.m. run-up and run-down with appropriate cyclic oontrol displacement 
(i.e., excitation of any inherent vibrations) is adequate demonstration that a 
ground resonanoe condition does not exist. Unhinged "rigid" rotors, such as Bell 
Helioopter two-blade designs, are this type of rotor system. 

(6 ) For configurations that are susoeptible to ground resonanoe (I.e., 
first in-plane frequency is below the rotor turning speed), ground resonanoe is 
generally prevented by dampers on the blade aoting in the plane of rotation, 
dampers on the landing gear (sometimes serving as oleo struts), or proper 
plaoement of the landing gear frequencies oombined with rotor and/or landing gear 
dampers. 

(7) Elastomeric components (in the rotor pylon support system, possibly 
in the landing gear, and possibly in the rotor head) are significantly affected by 
ambient temperature prior to warmup. Their damping characteristics require 
thorough investigation for the range of rotororaft operating environment as noted 
in § 27 .663. 

b. Procedures. 
(1) Under all conditions, any oscillations whioh may be introduced 

should be damped. However, no instability should ooour at any operating oondition 
such as during r.p.m. changes from minimum to maximum and idle to maximum. For 
helicopters with wheel gear, uneven taxi surfaces in conjunction with particular 
taxi speeds, may exoite ground resonanoe and should be evaluated by taxiing on 
typical surfaoes. This evaluation may be conducted in conjunction with the tests 
of § 27.235. In operation, the resonance characteristics should be checked during 
takeoff and landing at zero speed and during run-on landings using various power 
values. 

(2 ) For those airoraft equipped with Stability Augumentation Systems 
(SAS), all ground resonance investigations should be oonduoted with SAS on and SAS 
off. This inoludes the hovering and running takeoffs and landings, taxi tests, 
and specific ground resonanoe tests noted herein* Consideration should be given 
to conducting tests in various SAS configurations such as roll channel on and 
pitch channel off, where suoh configurations are possible and authorized. 

(3) For eaoh helicopter configuration tested, the airoraft should be 
positioned on the ground in flat pitch with the rotor stabilized at the minimum 
practical rotational speed or optionally at a speed shown analytically to have 
significant margin from indicated resonant oonditlons. Control system inputs 
should be used to disturb the system for evaluation of subsequent damping. 

(4) For each inoremental increase in rotor speed and for each rotor 
speed setting at increments of oolleotive pitoh settings, oyclio and oolleotive 
inputs should be investigated prior to proceeding to the next rotor speed 
setting. These inputs should cover the appropriate range and combinations of 
amplitude and frequenoy. The oolleotive pitoh setting increments should range 
from flat pitch to light on the landing gear prior to fully airborne, depending 
upon the test sequenoe for minimum risk. 
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(5) Cyclic pltoh Inputs should be made either by the pilot through the 

cyclic stlok or through a signal-generating device working in conjunction with the 
cyclic controls. For each frequency of input, amplitude of the inputs should be 
increased incrementally and ultimately should be large enough to generate 
responses representative of normal ground and flight operation on the rotor and 
support system. The inputs should oontlnue for a time sufficient to obtain 
representative responses, typically time sufficient to execute five complete 
circles of the cyclic stick (about neutral) at the selected frequency. 

(6) The excitation frequency should be such as to excite the blade 
in-plane frequency. Rotor speed settings should be inoreased to 1.05 times the 
maximum power-on rotor speed. Collective pitch settings should be increased in 
increments of not more than 20 percent to maximum collective or alternately to the 
collective setting required to beoome partially airborne (when the cyolio is 
displaced as noted). 

(7) Typically, artioulated rotor airoraft have natural frequencies on 
the blade in lag of approximately 0.3 times the power-on main rotor r.p.m. Soft 
in-plane rotors have natural frequencies approximately 0.7 times the main rotor 
r.p.m. Therefore, for example, for a helioopter with an in-plane frequency of 
0.3/rev, operating at 300 r.p.m., and with 6 inches of total lateral cyclic stick 
displacement, the stlok should be rotated for 5 revolutions in a 0.6-inch-diameter 
cirole at ((1-.03) x 300 r.p.m.) or 3.5 cycles per seoond to attempt excitation of 
possible resonant frequencies. At the conclusion of the excitation, the cyolio 
stiok should be returned to the neutral position while continuing the recording of 
data listed in paragraph b(13). 

(8) The excitation process should include cyclic excitation inputs from 
the direotional and longitudinal controls if critical for the type of rotororaft 
being evaluated. 

(9) If onset of ground resonance is encountered, one possible corrective 
action is to increase the collective pitch and rotor speed and become airborne. 
However, lowering the collective pitch and applying the rotor brake (if installed) 
or rolling off the throttles has been effective for some designs and is considered 
a satisfactory procedure if resonanoe oan be consistently stopped. 

(10) With the rotor speed stabilized, landing should be made at a 
touchdown speed which minimizes risk. 

(11) Speoial Considerations. 
(1) The lnfluenoe of variables, including environmental effects, 

corresponding aircraft component characteristic ohanges, operational parameters, 
and surface conditions should be investigated over the ranges proposed for 
certification. Additionally, the potential of mlsservioing and possible failure 
modes should be evaluated. For ground resonance qualification, where praotical, 
variations from the baseline test configuration may be accomplished by ground run 
(S 27.663(b) requires investigation of probable ranges of damping), analyses, 
component tests, airoraft shake test, the specification of special operational 
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procedures in the rotororaft flight manual, or a combination thereof* Detailed 
and rational analyses showing aooeptable correlation to the baseline tests, and 
for which the input parameters were verified by drawings, calculations, component 
static or dynamic tests, or by airoraft shake tests simulating the 
conditions/configurations in question, may be used to limit testing to only those 
variables and operational conditions showing marginal or unacceptable system 
damping. All operational limitations should be dearly stated in the rotororaft 
flight manual. A report of the analytical results and/or test results should be 
submitted per § 27.663* 

(ii) Potential instability while airborne, called "air resonance," 
may oocur due to the dynamic coupling of the rotor flexibility and the pylon 
restraint flexibility. The same considerations apply to air resonanoe as to 
ground resonance except that the pylon restraint variables replace the landing 
gear variables* Air resonance should be addressed in the certification program. 

(iii) When operating on the ground, there may be a tendenoy for the 
aircraft to exhibit a "ground bounce." For many configurations, this is a benign, 
although undesirable phenomenon which may be aggravated by pilot induced 
oscillations (PIO), particularly if there is little or no friction on the 
collective. 

(12) Helicopters with fully articulated rotor heads and landing gear 
oleos in either skid or wheel configuration have tendencies for ground bounce to 
oocur when light on the oleos, either just prior to takeoff, Just after landing 
oontaot, or during a power assurance oheck* This bounce may induce ground 
resonance, particularly if the intensity of the bounce is aggravated by PIO. The 
corrective action is either to lift off to a hover or to positively lower the 
collective and remain on the ground. 

(13) Instrumentation and Data Acquisition. 
(i) Atmospheric Conditions (to be manually noted): 

(A) Altitude. 
(B) OAT. 
(C) Wind velocity. 

(ii) Aircraft Configuration (to be manually noted): 
(A) Gross weight. 
(B) C.G* 
(C) Tire pressure. 
(D) Landing gear oleo pressure. 
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(Hi) Instrumentation (for recording during test). 

stiok position. 
(A) Main rotor r.p.m. 
(B) Time history of cyclic oontrol fore-and-aft and lateral 
(C) Time history of collective control stiok position. 
(D) Time history of rotor damper motion." 
(E) Time history of pylon component motion.* 
(F) Time history of landing gear (oleo) motion.* 
(G) Time history of airoraft motions.* 
•As required to obtain modal damping 

100.-109. RESERVED. 
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SECTION 6 . MISCELLANEOUS FLIGHT REQUIREMENTS 

110. § 27.251 ( th rough Amendment 27-19) VIBRATION. 

a . E x p l a n a t i o n . 

(1 ) Each p a r t o f the r o t o r o r a f t must be f r e e f rom exoess ive v i b r a t i o n 
under each a p p r o p r i a t e speed and power c o n d i t i o n ( r u l e s t a t e m e n t ) . 

(2) Th is f l i g h t requi rement may be both a q u a l i t a t i v e and q u a n t i t a t i v e 
f l i g h t e v a l u a t i o n . Seo t ion 27.571(a) con ta i ns t he f l i g h t l oad survey requi rement 
t h a t r e s u l t s i n accumulat ion o f v i b r a t i o n q u a n t i t a t i v e d a t a . Seot ion 27.629 
g e n e r a l l y r equ i r es q u a n t i t a t i v e data t o show freedom from f l u t t e r f o r each p a r t 
o f the r o t o r c r a f t i n c l u d i n g o o n t r o l o r s t a b i l i z i n g sur faoes and r o t o r s . 

(3) Review Case No. 70 ( re fe renoe FAA Order 8110.6) con ta ins a p o l i c y 
statement concern ing compliance w i t h t h i s r u l e . Th is p o l i c y s ta tement i s 
condensed here f o r convenience. 

"The r o t o r o r a f t must be capable o f a t t a i n i n g a 30° bank ang le 
( t u r n ) , a t V ^ E , w i t h maximum cont inuous power (maximum cont inuous to rque ) 
w i t h o u t encounter ing excess ive r o u g h n e s s / v i b r a t i o n . The FAA r e q u i r e s the 
maneuver demonst ra t ion t o p rov ide the p i l o t w i t h some maneuver o a p a b i l i t y a t 
V N E and f u r t h e r t o p rov ide the p i l o t some margin away f rom roughness when 
ope ra t i ng i n t u r b u l e n o e . " (Th is maneuver may r e s u l t i n a desoent or a o l i m b . ) 

(4 ) Seot ion 27.1505 p e r t a i n s t o V J J E d e t e r m i n a t i o n . Sec t i on 27.1509 
p e r t a i n s t o r o t o r speed l i m i t s d e t e r m i n a t i o n . 

b. Procedures. 

(1) Dur ing the company f l i g h t t e s t program, the r o t o r o r a f t i s f l own t o 
the a p p r o p r i a t e r o t o r and a i rspeed l i m i t s a t s e v e r a l we igh ts t o prove t h a t the 
r o t o r c r a f t i s f r e e f rom exoessive v i b r a t i o n under a p p r o p r i a t e speed, power, and 
weight c o n d i t i o n s . The f l i g h t loads survey q u a n t i t a t i v e data ( r e f . § 27.571) and 
the a p p l i c a n t ' s q u a l i t a t i v e and q u a n t i t a t i v e f l i g h t t e s t da ta must a l s o prove 
compliance w i t h the requi rement p r i o r t o i s s u i n g an a u t h o r i z a t i o n f o r o f f i c i a l 
FAA f l i g h t t e s t s . 

(2) The f l i g h t l oad survey data ob ta ined under § 27.571(a) w i l l con ta in 
measured data concern ing p roo f o f freedom from f l u t t e r and excess ive v i b r a t i o n . 
P e r t i n e n t o r i t i o a l f l i g h t c o n d i t i o n s w i l l be r e i n v e s t i g a t e d d u r i n g FAA f l i g h t 
t e s t s . The s p e c i f i c c o n d i t i o n o r c o n d i t i o n s necessary t o demonstrate oomplianoe 
w i t h § 27.251 vary w i t h the r o t o r c r a f t des ign and w i t h t h e minimum and maximum 
r o t o r speeds, V J J E and Vn speeds, and we igh t and o . g . p o s i t i o n . An i l l u s t r a 
t i o n o f the speed and r . p . m . demonst ra t ion i s shown i n f i g u r e 1 1 0 - 1 . (A lso see 
paragraph 110b (4 ) . ) 
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(3) The airspeed and rotor speed limits investigated and established 

under §§ 27.33, 27*1503, 27.1505, and 27.1509 are also investigated and made a 
matter of reoord in the flight loads survey data. During the offioial FAA/TIA 
flight tests, oritioal parts of the rotororaft may have limited instrumentation to 
reinvestigate and oonfirm that the oritioal oonditlons investigated during the 
flight load survey are satisfactory and do not result in exoessive vibration. Use 
of instrumentation is optional if the flight loads data are conclusive. 

(4) FAA policy for certification (Review Case No. 70) requires a "rotor 
roughness" flight demonstration of a 30° bank angle left and right at maximum 
continuous power (MCP) (maximum continuous torque whioh may be in excess of the 
maximum continuous temperature limit) at Vyg. To provide the pilot with some 
margin from roughness, the FAA requires maneuver demonstrations of 30° banked. 
turns at V J I E without encountering excessive roughness. The maneuver should be 
oonducted with the rotor speed at the minimum r.p.m. and maximum r.p.m. limits. 
During the flight load survey, this condition should be investigated and data 
recorded to ensure hazardous loads are not encountered for this "unusual" 
condition. As indicated, the flight condition will be reinvestigated during the 
FAA flight tests. See paragraph 110b(2) for illustration of this speed and r.p.m. 
demonstration. 
111.-120. RESERVED. 
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Rotor 
RFM 

105% Max RPM Power-offc. 4 

Max RPM Power-Off 

_ _Max RPM Power-on 

Min RPM Power-on g 8 

Min RPM Power-off 

95% Min RPM Power-off ^ 3 

O 0° Bank, Autorotatlon 
A Level Forward Flight, 

Power On 
• 30° Bank, Power On 

"NE 1.11 V, NE 
AIRSPEED 

1. Autorotatlon at L H V ^ / ^ minimum placard rotor speed. 
2. Autorotatlon at l>HNna(AR) at maximum placard rotor speed. 
3. Autorotatlon at N ^ ^ j at power-off minimum design limit rotor 
4. Autorotatlon at Nn e(AR) a t pover-off maximum design limit rotor 

speed. 
5. Forward flight 1*U>V at minimum power-on rotor speed.. 
6. Forward flight l.llVj|e at maximum power-on rotor speed. 
7. Right and left turn at V Q e at maximum power-on rotor speed with 

30° bank angle. 
8. Right and left turn at V n e at minimum power-on rotor speed with 30° bank angle. 

NOTE: ^ne(AR) m ay b e l e B B ***** Vne* 

FIGURE 110-1, DEMONSTRATION POINTS 
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SECTION 7. STRENGTH REQUIREMENTS - GENERAL 

Chap 2 
Par 121 261 

121. § 27.301 LOADS (RESERVED). 
122. § 27.303 FACTOR OF SAFETY (RESERVED). 
123. § 27.305 STRENGTH AND DEFORMATION (RESERVED). 
124. § 27.307 (through Amendment 27-20) PROOF OF STRUCTURE. 

a. Explanation. 
(1) The rule requires compliance with the strength and deformation 

requirements for eaoh oritioal loading condition. Certain tests must be 
conducted as specified. Additional tests for new or unusual design features may 
be required as noted in § 27.307(b)(6). 

(2) Structural analysis rather than load tests may be used only if the 
structure oonforms to those for whioh experience has shown this method to be 
reliable. 

b. Procedures. 
(1) The design criteria and/or design loads report should contain 

typical or representative loading conditions from whioh the oritioal loading 
conditions will be seleoted for analytical substantiation in structural (static 
and fatigue) reports, dynamics (vibration and stability) reports, and in fatigue, 
static, dynamic, or operational test reports. 

(2) Whenever tests are used or required, a test proposal or plan should 
be approved prior to the tests. The test article should have received conformity 
inspections and should have been acoepted by the FAA for the test. Test fixtures 
and instrumentation should also be acceptable to the FAA (using DER's as 
appropriate) prior to the start of the test. The quality control office of the 
applicant or other qualified personnel may be authorized to oonduot inspections 
of the test fixtures and instrumentation rather than the FAA or DER performing 
this task. The test proposal may be used to define and to authorize the means to 
accomplish inspection of the test fixtures and instrumentation. Unnecessary 
drawings suoh as test fixture details or layering of approvals are not intended 
or envisaged by this policy. Drawings, sketohes, or photographs have been used 
by the FAA to control and to ensure oorreot looation, direction, and magnitude of 
loads and other oritioal test parameters. 

(3) Structural analysis has been aooepted for rotorcraft in place of 
static tests. Generally, the helioopter airframe should have natural frequencies 
remote to predominant rotor excitation sources, including higher harmonios, to 
avoid undesirable and possibly excessive vibration and potentially high operating 
stress levels due to this vibration. During the flight load measurement program 
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oonduoted under § 27.571, oritioal loaded areas or critical joints may be 
instrumented with strain gages or other stress strain measuring devioes. This 
aotual flight data should be compared to the analytical data to verify aoouraoy. 

(4) Paragraph (b) of the rule specifies certain tests. Test proposals 
should be approved prior to oonduoting offioial FAA tests. Other paragraphs in 
this advisory circular pertain to those tests. 
125. S 27.309 DESIGN LIMITATIONS. (RESERVED) 
126.-135. RESERVED. 
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Chap 2 
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SECTION 8 . FLIGHT LOADS 

136. § 27.321 ( th rough Amendment 27-19) GENERAL. 

a . E x p l a n a t i o n . 

(1) The r u l e s p e c i f i e s the way the loads w i l l be a p p l i e d t o the 
r o t o r c r a f t . I t r e q u i r e s load a n a l y s i s f rom minimum t o maximum des ign we igh t . Any 
p r a c t i c a l d i s t r i b u t i o n o f d isposab le loads must be i nc luded i n the a n a l y s i s . 

(2) Paragraph (a) o f the r u l e s t a t e s : "The f l i g h t load f a c t o r must be 
assumed t o a c t normal t o the l o n g i t u d i n a l a x i s o f the r o t o r o r a f t . and t o be equal 
i n magnitude and oppos i t e i n d i r e c t i o n t o the r o t o r c r a f t i n e r t i a load f a c t o r a t 
the cen te r o f g r a v i t y . " 

b. Prooedure. 

(1) D e r i v a t i o n o f the f l i g h t loads i s r e q u i r e d by and s p e c i f i e d i n 
§§ 27.337 th rough 2 7 . 3 5 1 . Th is r u l e r e q u i r e s f l i g h t l oad de te rm ina t i on f rom 
minimum t o maximum weight and f o r d isposab le l o a d s . 

(2 ) The a p p l i c a t i o n o f the des ign loads de r i ved f rom the f l i g h t load 
f a c t o r w i l l be as s p e c i f i e d . The f l i g h t loads a n a l y s i s data must comply w i t h the 
r u l e . 

137. § 27.337 ( th rough Amendment 27-19) LIMIT MANEUVERING LOAD FACTOR. 

a . E x p l a n a t i o n . The r o t o r o r a f t must be designed and s u b s t a n t i a t e d t o load 
f a c t o r s as s p e c i f i e d t o p rov ide a minimum l e v e l o f s t r u o t u r a l i n t e g r i t y o f the 
r o t o r o r a f t a i r f r a m e and r o t o r s . 

(1) A range o f des ign p o s i t i v e l oad f a c t o r s f rom +3.5 t o +2.0 may be 
used. 

(2) A range o f des ign nega t i ve l oad f a c t o r s f rom - 1 . 0 t o - 0 . 5 may be 
used. 

(3) Load f a c t o r s I n s i d e the range o f +3.5 t o - 1 . 0 may be used prov ided 
the p r o b a b i l i t y o f exceeding the des ign load f a o t o r s i s shown by a n a l y s i s and 
f l i g h t t e s t s t o be ext remely remote and the se leo ted load f a c t o r s a re app rop r i a te 
t o each we igh t c o n d i t i o n between des ign maximum and minimum w e i g h t . 

(4) Load f a c t o r s exceeding these "minimums" may be used. 

b. Procedures. 

(1) The a p p l i c a n t may e l e o t t o s u b s t a n t i a t e the r o t o r o r a f t f o r a design 
maneuvering load f a o t o r l e s s than +3.5 and more than - 1 . 0 . Whenever t h i s o p t i o n 
i s used, an a n a l y t i c a l s tudy and f l i g h t demonst ra t ion are r e q u i r e d . 
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(1) The maximum positive design load factor of +3.5 is generally at a 

weight below maximum gross weight. The maximum thrust capability of the main 
rotor, combined with inoremental lift of wings or sponsons, if installed, results 
in a maximum design positive load factor. An example of a load factor-gross 
weight curve is shown in figure 137-1. Note the minimum positive design load 
factor is +2.0 even though the required analysis and flight demonstration may 
prove the rotororaft is not capable of achieving this load faotor. This ourve 
also illustrates oomplianoe with § 27.337(b)(2) sinoe the design load faotor 
varies with gross weight. 

(11) The largest negative design load factor is -1.0; however, several 
ourrent rotorcraft designs are not capable of achieving a negative load faotor. 
Therefore, -0.5 has been an acceptable structural design negative load faotor for 
certain rotorcraft designs. 

(2) Whenever the applicant analytically substantiates the lower load 
faotors allowed by § 27.337(b), the applicant must oonduot the flight 
demonstration required by § 27.337(b)(1). The flight test personnel should 
determine that the demonstration is conducted in a manner to show that the 
probability of exoeeding the seleoted design load faotors (those faotors less than 
+3*5 and more than -1.0) is extremely remote. (See Order 8110.1, 
paragraph 166c(2)(o)). 

(3) A numerical value has not been assigned to "extremely remote" in 
this standard. 

Minimum 
Gross Weight Lbs. 

Represents ourve of 
thrust + lift 

+2.0 

Maximum 

LOAD FACTOR GROSS WEIGHT CURVE 
FIGURE 137-1 

302 
Chap 2 
Par 137 



8/29/85 AC 27-1 

a. Explanation. The rule specifies or defines the application of rotor and 
lift surfaoe loads to the rotororaft. 

(1) The design maneuvering load factors required by § 27.337 will result 
in or be derived from rotor thrust or lift and" from auxiliary surface lift. 

(2) Sections 27 . 321 , 27 .337, and 27*341 all complement one another and 
result in the derivation of design flight loads that will be imposed to ensure 
structural integrity of the rotororaft. 

(3 ) The following assumptions and conditions are speoified in the rule. 
(i) The rule requires application of appropriate loads at each rotor 

hub and auxiliary lifting surfaoe. 
(ii) Fower-on and power-off flight with maximum design rotor tip 

speed ratio and specific conditions that must be oonsidered. 
(ill) Rotor tip speed ratio, defined in the rule, has been carried 

forward from the initial rotorcraft certification rules issued in 1946. The rotor 
tip speed ratio is a basic parameter used in calculating rotor aerodynamic foroes. 

b. Procedures. 
(1) The rule speoifies an acceptable assumption concerning application 

of the rotorcraft maneuvering loads. 
(2) The rotor tip speed ratio is a parameter found in textbooks and 

other books suoh as NACA Report No. 716. The equation in the rule contains angle 
"a." Report No. 716 also defines angle n a " as the angle of attaok of the rotor 
disk. This definition is more easily understood than the definition contained in 
the rule. 

(3) The rotorcraft design loads are derived as prescribed by §§ 27.321, 
27.337, and 27.341. These loads are applied to the rotor or rotors and any 
auxiliary surface as prescribed by this rule. 

139. § 27*341 (through Amendment 27-19) GUST LOADS. 

a. Explanation. 
(1) The rotorcraft must be substantiated for the loads derived from 

30 feet per seoond vertical gusts from hovering to 1.11 V^g (i.e., Vn). 
(2) Gust loads for any horizontal stabilizing surface should be derived 

for vertical gusts, upward and downward. 
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b. Procedures. 

(1) Either sharp-edged (instantaneous) gusts or sharp-edged gusts 
modified by an alleviation (attenuation) factor may be used for calculating 
aerodynamic loads for the rotororaft and any installed stabilizing surfaoes. The 
following oonditlons may be used: 

(i) Vertical gusts may be considered normal to the flight path of 
the rotororaft except during hover or low speed flight (20 knots or less) when the 
gusts may be assumed normal to the longitudinal axis of the rotororaft. 

(ii) A primary effect of enoountering the gust is to ohange the lift 
of the rotors and rotororaft surfaces. Of primary concern is the gust load or 
lift oreated by the main rotor or rotors. The lift increment of the horizontal 
stabilizing surface and fuselage is generally negligible when compared to the 
rotor and may be negleoted for the rotororaft gust load determination if proven 
negligible by analysis. 

(iii) The rotororaft shall be assumed in stabilized level flight prior 
to meeting the gust. 

(iv) The gust velocity may be assumed uniform aoross the rotororaft. 
(v) Gust loads on the stabilizing surfaoes are required as stated in 

paragraph 159 of this advisory circular. 
(2) The rotorcraft design maneuvering load factors may generally exceed 

the design gust load factors calculated in oomplianoe with this rule. This may be 
attributed to the small incremental ohange in lift due to the 30 fps gust. 
Nonetheless, design gust loads for the rotororaft shall be calculated as speoified 
in the rule to ensure the rotorcraft maneuvering load faotors do, in eaoh case, 
exoeed the design gust load factor. 

(3) For further information about helioopter gust response 
characteristics, see Paper No. 9 presented at the AHS/NASA - Ames Specialist's 
Meeting on Rotorcraft Dynamios, February 13-15, 1974. The paper, entitled, 
"Helicopter Gust Response Characteristics Including Unsteady Aerodynamics Stall 
Effeots," was written by P. J. Aroldiaoono, R. R. Berqulst, and W. T. Alexander, 
Jr. References listed in the paper may be helpful also. 
140. RESERVED. 
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a. Explanation. 
(1) The rotororaft should be designed for limit engine torque values, as presorlbed by the rule, to aooount for maximum engine torque, inoluding transients and torsional osoillations. The rule recognized that reoiprocating (piston) engines generate higher torque osoillations than turbine engines. 
(2) A faotor of 1.25 applies to the mean torque for turbine engines. 
(3) Torque faotors are also speoified for reoiprocating engines having two or more oylinders (S 27.36Kb) and (o)). 

b* Procedures. 
(1) The engine torque associated with the maximum oontinuous power oondltion should be multiplied by the appropriate torque faotor to obtain the engine torque value used for structural substantiation purposes of the rotororaft* 
(2) The torque values associated with the minimum power-on r.p.m. limit should be used. Maximum power-on speed limit will result in a lower torque value when calculating torque from design horsepower values. However, due to piston engine power output characteristics, an engine may produce a higher torque at higher engine speeds contrary to the previous statement. The torque faotor should aooount for this characteristic. 

142.-151. RESERVED. 

Chap 2 
Par 141 307 

141. i 27.361 (through Amendment 27-19) ENGINE TORQUE 



AC 27-1 8 /29/85 

SECTION 9 . CONTROL SURFACE AND SYSTEM LOADS 

152. § 27.391 ( th rough Amendment 27-19) GENERAL. 

a . E x p l a n a t i o n . Th is genera l s tandard conoerns requ i rements f o r des ign 
loads o f t a i l r o t o r s , c o n t r o l o r s t a b i l i z i n g s u r f a c e s , and t h e i r o o n t r o l system. 

b. Procedures. The des ign c r i t e r i a and /o r the des ign loads r e p o r t s h a l l 
con ta in the loads d i c t a t e d by the re fe renced r u l e s . (See paragraphs 153, 154, 
156, 157, and 158 o f t h i s document.) 

153. § 27.395 ( th rough Amendment 27-19) CONTROL SYSTEM. 

a . E x p l a n a t i o n . Con t ro l system des ign loads and the a p p l i c a t i o n o f these 
loads are con ta ined i n t h i s r u l e . 

(1) Paragraph (a) o f t h e r u l e s p e c i f i e s the way o r means o f r e a c t i n g 
the minimum des ign loads s p e c i f i e d i n §§ 27.397 and 27.399 ( f o r dua l o o n t r o l 
sys tems) . Exoept reduced des ign l o a d s , no t l e s s than 0.60 o f those s p e c i f i e d i n 
§§ 27,397 and 27*399 f o r dua l c o n t r o l sys tem, may be used as s p e c i f i e d . The 
standard a l s o a p p l i e s t o those c o n t r o l systems t h a t may have more than one s top 
i n a system. The des ign loads must be imposed on the system from the p i l o t ' s 
o o n t r o l t o any s top i n the c o n t r o l sys tem. 

(2) Minimum des ign loads imposed on the c o n t r o l system from a s top t o a 
r o t o r b lade o r a o o n t r o l su r face o r dev ice s h a l l b e : 

( i ) The maximum p i l o t fo roes o b t a i n a b l e i n normal o p e r a t i o n ; 
and 

( i i ) I f low o p e r a t i o n a l loads may be exceeded as noted i n 
§ 2 7 . 3 9 5 ( b ) ( 2 ) , the system s h a l l suppor t w i t h o u t y i e l d i n g 0.60 o f t he loads 
s p e o i f l e d i n §§ 27.397 and 27.399 f o r dua l o o n t r o l systems. 

(3) Sec t ion 27.695 conoerns s tandards f o r a power boost and 
power-operated c o n t r o l system. Th is s t a n d a r d , i n e f f e c t , imposes a f a i l - s a f e 
s tandard f o r h y d r a u l i c aspeots o f a c o n t r o l system* Where a p p r o p r i a t e t o a 
p a r t i c u l a r des ign , the c o n t r o l system must t h e r e f o r e s u s t a i n w i t h o u t y i e l d i n g , 
the maximum ou tpu t f o roe o f the a c t u a t o r when comply ing w i t h § 2 7 . 3 9 5 ( a ) . The 
p i l o t i n p u t f o r ces a re not added t o the a c t u a t o r ou tpu t f o r ces aooord ing t o t h i s 
s tandard f o r normal ca tegory r o t o r c r a f t . These f o r c e s are independent ly a p p l i e d 
t o the c o n t r o l system. 

(4) C o n t r o l system des ign f e a t u r e s and t e s t s requ i rements a re found i n 
§§ 27*619 and 27 .625, r e s p e c t i v e l y . Spec ia l f a c t o r s such as c a s t i n g , b e a r i n g , 
and f i t t i n g f a c t o r s t h a t may be a p p r o p r i a t e f o r the des ign a re con ta ined i n 
§§ 27.619 and 27*625, r e s p e c t i v e l y . 
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b. Procedures* 

(1) The design oriteria and/or a design loads report that includes the 
primary control system design loads should be submitted for FAA approval. 

(2) The rotorcraft control system may be tested to ultimate design 
loads or may be analyzed for the ultimate design loads. See paragraph 124 of 
this dooument. 

(i) A statio test proposal for testing the oontrol system to show 
compliance with the rules should be approved before conducting the test. Where 
compliance is to be determined by tests, limit load tests, as discussed in 
paragraph 284 of this document, and/or ultimate load tests may be performed. 
Test results shall be documented. 

(ii) If tests are not oonduoted, a structural analysis of the 
oontrol system is required. Appropriate factors from §§ 27*623 and 27.625 must 
be used as specified. Tests may not be required when adequate similarity of 
systems and support structure is determined and where adequate structural 
analysis is furnished. 

(3) If a part of the oontrol system is not stiff or rigid enough to 
reaot the design loads specified in §§ 27.397 and 27*399, that part of the system 
may be substantiated for lower loads as prescribed. 

(i) The limit design loads are those loads specified in §§ 27.397 
and 27.399; 

(ii) The maximum that can be obtained in normal operation and that 
is allowed by the system; exoept 

(iii) The limit design loads may not be less than 0.60 of the limit 
pilot foroes specified. 

(iv) For example, if a small control surface or servo tab is lightly 
loaded, its oontrol system must be stiff enough to react the oontrol surfaoe 
loads and to provide surfaoe deflection to control the helicopter. The normal 
operational loads may be very low, such as 10 pounds maximum* Nonetheless, the 
design limit load shall be 0.60 times the limit single pilot forces specified in 
§ 27*397. Note that the system must not yield under these loads. 

(v) For example, if a dual but primary manual oontrol system suoh 
as a tail rotor control is lightly loaded, the control system, from the stops to 
the rotor blades, may be designed for minimum loads equal to 0.60 times the limit 
dual pilot forces specified in § 27.399. 

(vi) If a power aotuator is a part of a rotor control system, the 
design limit force for the affected parts shall be the maximum output foroe of 
the aotuator at any operational condition (including any load/pressure after a 
single failure in the hydraulic system). 

(4) Controls proof and operation test is required by §§ 27.307(b)(2) 
and (b)(3), 27.681, and 27.683. This test is conducted using the design limit 
loads approved under § 27*395. (See paragraphs 284 and 285 of this document.) 
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154. S 27.397 (through Amendment 27-19) LIMIT PILOT FORCES AND TORQUES. 
a. Explanation. Design foroes are oontained in the rule. 

(1) Primary controls, pilot and copilot, should be designed for the 
limit pilot foroes specified in paragraph (a) of the rule unless higher foroes are 
used. 

(2) For other operating controls, suoh as flap, tab, stabilizer, rotor 
brake, and landing gear, design limit foroes are speoified in paragraph (b). 

b. Procedures. 
(1) Design loads speoified in the rule may be used in required 

structural tests and in any structural strength analysis of the oontrol systems 
submitted in compliance with other rules. 

(2) Operation tests of the control systems noted in other rules require 
application of these forces also. 

155. S 27.399 (through Amendment 27-19) DUAL CONTROL SYSTEM. 
a* Explanation. Design limit loads are speoified for dual oontrol systems. 

Pilot effort forces applied in opposition and in the same direction are required 
for dual control systems. 

b. Procedures. 
(1) Design loads speoified in the rule may be used in required 

structural tests and In any structural strength analysis submitted for compliance 
with the other rules. 

(2) Operation tests of the oontrol systems, noted in other rules, 
require application of these foroes also. 
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e. Explanation. 
(1) For rotororaft equipped with auxiliary rotors, normally called tall 

rotors, an endurance test is required by § 27.923, and structural strength 
substantiation is required. Seotion 27.401(b) specifically refers to structural 
strength substantiation of detachable blade systems for oentrifugal loads 
resulting from maximum design rotor r.p.m. 

(2) The rotor blade struoture must have sufficient strength to withstand 
not only aerodynamic loads generated on the blade surfaoe, but also inertial loads 
arising from oentrifugal, ooriolis, gyrosoopio, and vibratory effeots produced by 
this blade movement. Sufficient stiffness and rigidity must be designed into the 
blades to prevent excessive deformation and to ensure that the blades will 
maintain the desired aerodynamic characteristics. As a design objective, the 
structural strength requirements should be met with the minimum material. Exoess 
blade weight imposes extra oentrifugal loads that may inorease the operating 
stress levels. Blade weight and strength should be optimized. Even though a 
structural strength analysis for the blade design loads is required, a flight load 
survey and fatigue analysis are also required by § 27.571. 

(3) Section 27.1509 defines the design rotor speed as that providing a 
5 percent margin beyond the rotor operating speed limits. 

b. Procedure. 
(1) The endurance tests prescribed by §§ 27.923 and 27.927 require 

achieving certain speeds, power, and oontrol displacement for the auxiliary (tail) 
rotor as well as the main rotor. The parts must be serviceable at the oonolusion 
of the tests. 

(2) Structural substantiation of the auxiliary (tail) rotor is required 
to ensure integrity for the minimum and maximum design rotor speeds and the 
maximum design rotor thrust in the positive and negative direction. Thrust 
capability of the rotor should offset the main rotor torque at maximum power as 
required by § 27.927(b). 

(i) The maximum and minimum operating rotor speed, power-off, is 
95 percent of the maximum design speed and 105 peroent of the minimum design 
speed, respectively. 

(ii) The rotor operating speed limits shown during the official FAA 
flight tests must include the noted 5 peroent margin with respect to the design 
speeds. 
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(iii) The auxiliary rotor generally has a positive and negative pitch 

limit that ensures adequate direotional control throughout the operating range of 
the rotororaft. The power-off rotor speed limits are generally broader than the 
power-on rotor speed limits because of the required autorotational rotor speed 
charaoteristlos. Thus, the auxiliary rotor design conditions oonoern the maximum 
and minimum design rotor speeds in conjunction with the maximum positive or 
negative pitch thrust, as appropriate. Thrust capability and precone angle of the 
rotor, if any, will significantly influenoe the rotor design loads. The 
variations in rotor design features and an example of substantiation would be too 
lengthy to include here. However, ANC-9, "Aircraft Propeller Handbook," contains 
principles that may be applied to tail rotor designs. Tail rotors may be 
considered a special propeller design. 

(iv) Bearings are generally used in the tail rotor installation to 
allow flapping and feathering motion of the blades. The bearing manufacturer's 
ratings of these bearings must not be exceeded. Bearings generally used in main 
and tail rotors are classified as ABEC Class 3, 5, or 7* Class 7 is the highest 
quality presently available. Satisfactory completion of the endurance tests of 
§§ 27.923 and 27.927 is a means of proving that use of a particular bearing is 
satisfactory. 

(v) The analysis must include appropriate special factors, casting 
faotors, bearing faotors, and fitting faotors presoribed by §§ 27.619, 27.621, 
27.623, and 27*625, respeotively. The fitting faotor of 1.15 must be applied in 
the analysis of the tail rotor installation. 
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157. § 27.403 (through Amendment 27-19? AUXILIARY ROTOR ATTACHMENT STRUCTURE. 

a. Explanation. 
(1) The auxiliary rotor attachment struoture(s), which is considered to 

include gearboxes, oust be designed to withstand design limit loads that ooour in 
flight and on landing. These design loads that generally consist of the following 
must be established for the particular flight and landing oondltion under 
consideration. 

(1) Inertia loads generated by linear and angular accelerations of 
the auxiliary rotors and their gearboxes, combined with— 

(11) Thrust and torque loads developed by the auxiliary rotors* 
The linear and angular acceleration loads imposed by the weight of the tail rotor 
and gearbox are generally derived from airframe loads data. Thrust and torque 
output of the tail rotor are derived during external aerodynamic and landing loads 
development for pertinent flight and landing conditions. 

(2) General rules related to proof of structure loads and factor of 
safety are §§ 27.307, 27-301, 27-303, and 27.305. 

b. Prooedure. 
(1) The angular and linear acceleration loads combined with appropriate 

tail rotor thrust and torque for the critical conditions shall be imposed on the 
tail rotor gearbox mount lugs, the airframe mounting structure, and the attaching 
hardware. 

(2) The yaw and maximum power climb conditions are generally critical. 
Landing and maneuvering conditions with and without power may also impose high 
Inertia and rotor thrust and torque loads on the attachment structure. 

(3) The derivation of the loads and conditions is too extensive to 
include here. Additional information oan be found in the U.S. Army Material 
Command Report AMCP 706-201, "Engineering Design Handbook: Helicopter 
Engineering, Part One, Preliminary Design.n 
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158. § 27.411 (through Amendment 27-19) GROUND CLEARANCE; TAIL ROTOR GUARD 

a. Explanation. 
(1) The rule requires specific protection to prevent the tail rotor from 

contacting the landing surface during a normal landing if it is possible that the 
tail rotor will contact the surface. The rule states that it must be impossible 
for the tail rotor to contact the surface during a normal landing. 

(2) If a guard is required, the guard and its supporting structure must 
withstand suitable design loads. 

(3) Section 27.501(c)(1) contains skid landing gear drag requirements 
that may be applied to the guard d e B i g n loads. 

b. Procedures. 
(1) The applicant may submit sketches or drawings showing probable 

clearance with typical level landing surfaces during normal landings. Typical 
attitudes such as nose-high autorotatlon, or autorotatlon with power-on landing, 
or other possible tall-low attitudes should be investigated. If the drawings or 
sketches reveal that it is not likely the tail rotor will contact the landing 
surface, this minimum clearance with the landing surface may be confirmed during 
official FAA flight tests, such as HV and landing tests. The clearance may be 
confirmed by having a frangible device of suitable length (i.e., a balsa wood 
dowel) extending beyond the guard and attached to the tall rotor guard or other 
appropriate fuselage part. If the device is not damaged, broken, or no contact is 
made with the surface, compliance has been demonstrated. 

(2) If it is possible for the tail rotor guard to contact the landing 
surface, suitable design loads must be established for the guard. ANC-2a dated 
March 1948, "ANC Bulletin Ground Loads," paragraph 6.4, entitled "Tall Bumper 
Criteria," is an acceptable means of deriving the rotorcraft kinetic energy that 
shall be absorbed by the guard. This method is noted here for convenience. 

(i) The tail rotor guard shall be able to absorb the kinetic energy 
of the rotorcraft in its most unfavorable e.g. position in the tail-down landing 
attitude. The kinetic energy that the tail rotor guard should be capable of 
absorbing may be determined by the following: 
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WVS 2 
KE r X 

K y 2 

2g (Ky 2 + i b 2) 

where— V s = vertical speed ft/sec, derived from § 27.725(a) 
Ky s pitching radius of gyration - ft from pitching axis 
1 D = distance from most oritioal o.g. location to the guard or bumper oontaot point - ft 
W s gross weight less rotor lift from § 27.473(a) - lbs 
g = 32.2 ft/sec2 

(11) Other, more reoent, analytical techniques (most utilizing 
computer programs) may. of course, be used rather than the ANC-2a means after 
proper substantiation for applicability and validity. 

(ill) The tail rotor guard should not fail when the limit and ultimate 
load, which is derived from a combination of the limit kinetic energy and the 
guard resulting limit deflection required to dissipate the energy, Is imposed on 
the guard and the rotororaft tail (see § 27*305). 

(3) Substantiation of the guard, skid, or bumper for the design loads 
derived may be aooomplished by test or analysis as stated in § 27.307(a). 

(4) Several rotororaft tail rotor guards are installed solely for the 
protection of ground personnel from the rotating tall rotor. For guards installed 
for this purpose, the applioant should use prudent and reasonable design loads and 
features. Suoh guards should not present a hazard to the helioopter beoause of 
its design features. 
159. § 27.413 STABILIZING AND CONTROL SURFACES. (RESERVED) 
160.-169. RESERVED. 
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SECTION 10. GROUND LOADS 
170. § 27.471 (through Amendment 27-19) GENERAL. 

a. Explanation. This regulation specifies that limit ground loads must be 
considered which are: 

(1) External loads caused by landing (ground) conditions for skid and 
wheel landing gear equipped rotorcraft and by ground taxiing loads as specified 
in § 27.235 for wheel landing gear equipped rotorcraft. 

(2) Loads considering the rotorcraft structure as a rigid body. 
(3) Loads in equilibrium with linear and angular inertia loads. 
(4) The oritical center of gravity "must be selected so that the 

maximum design loads are obtained in each landing gear element." 
b. Procedures. 

(1) The standards to be considered are specified in §§ 27.473 through 
27.505. These associated standards cover landing gear arrangements, landing 
conditions, and ground loading conditions (for wheel landing gear rotorcraft). 

(2) Drop tests may be used to verify landing load factors. (See 
paragraph 299 of this document.) 

(3) The application of the design loads derived from the landing load 
factors will be as speoified for each element affected by landing or ground 
loading conditions (for wheel landing gear rotororaft). 

(4) During the applicant's flight test program, the landing load 
factors for skid and wheel landing gear rotorcraft and taxiing load factors for 
wheel landing gear rotororaft are monitored to assure the design load factors 
used are adequate. See paragraph 97 of this document for § 27.235 policy. 
171. § 27.473 (through Amendment 27-19) GROUND LOADING CONDITIONS AND 

ASSUMPTIONS. 
a. Explanation. The rotororaft is to be designed for the maximum weight. 

A rotor lift of two-thirds of the design maximum weight may be used. The minimum 
limit landing load factor is determined by the drop tests of § 27.725. 

D* Procedures. Loads for the landing conditions are derived considering 
mass (equal to the maximum weight) and rotor lift (equal to two-thirds of the 
maximum weight) acting through the center of gravity throughout the landing 
impact. Unbalanced external loads resulting from asymmetrlo loading conditions 
are reacted as specified in the individual subparagraphs. The rotorcraft must be 
substantiated for ultimate landing loads by either test or analysis utilizing an 
ultimate load factor of 1.5 applied to the limit load faotor of not less than 
that substantiated under § 27.725. 
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a. Explanation. This section specifies the tire and shock absorber 
position to be used in ground load derivations. 

b. Procedures. Ground loads are to be derived with the tires in statio 
(lg) position and the shook absorbers "in their most oritioal position." The 
determination of the "most oritioal position" for the shook absorbers generally 
requires a load versus deflection test or analysis of the shook absorber system 
and a determination of the effect of both load and deflections on the shock 
absorber, attachment structure, and substructure designed by ground loads. 

173. S 27.477 (through Amendment 27-19) LANDING GEAR ARRANGEMENT. 
a* Explanation. This section speoifies the individual standards to be used 

for ground load conditions for rotorcraft having two wheels aft and one or more 
wheels forward of the center of gravity. 
NOTE: § 27.497 gives ground loading conditions for landing gear with tail 
wheels, and § 27*501 gives ground loading conditions for landing gear with skids. 

b. Procedures. The ground loading conditions of §§ 27.235, 27.479 through 
27.485, and 27.493 will be used for rotorcraft having two wheels aft and one or 
more wheels forward of the center of gravity. This lnoludes forward wheels on 
separate axles. 

174. S 27.479 (through Amendment 27-19) LEVEL LANDING CONDITIONS. 
a. Explanation. This section provides explicit level landing load criteria 

for landing gear with two wheels aft and one or more wheels forward of the oenter 
of gravity. 

(1) Level landings— 
(1) Each wheel contacting the ground simultaneously; and 

(ii) Aft wheels oontaoting the ground with forward wheels just dear 
of the ground. 

(2) Application of loads— 
(1) Maximum design vertical loads applied alone; and 
(ii) The maximum design vertical loads applied with a drag load of 

at least 25 percent of the vertical load (applied at the ground contact area). 
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(3) A 40 percent/60 percent load distribution between wheels for 

configurations having two forward wheels inoluding quadrlcyole. This 
distribution between wheels on a common axis is to be applied for the conditions 
of vertioal loads only and for vertical loads combined with drag loads of 
25 percent of the vertical loads. 

(4) Aircraft pitohing moments are to be reaoted by the forward landing 
gear for simultaneous wheel oontaot or by the angular inertia forces when the 
forward landing gear is olear of the ground as specified. 

b. Procedures. 
(1) The speoified loading conditions will be used in load derivations. 
(2) The oritioal center of gravity condition will be used for eaoh 

gear and gear support structure. 
(i) The aft center of gravity oondition with the forward gear olear 

will normally be oritioal for the aft gear and gear supports* 
(11) The forward center of gravity condition with eaoh gear 

contacting the ground simultaneously will normally design forward gear elements 
oritioal for vertical loads. 

(iii) The forward center of gravity condition with the forward gear 
olear may result in high load faotors. angular plus linear, that will greatly 
affeot seourity of items of significant mass. 

175. § 27*481 (through Amendment 27-19) TAIL-DOWN LANDING CONDITIONS. 
a. Explanation. This section provides the oriterla for tail-down landing 

conditions; i.e., "the maximum nose-up attitude allowing ground clearance" with 
ground loads aoting "perpendicular to the ground." 

b. Procedures. 
(1) The tail-down landing oondition will be used to oheok (by analysis 

or test) for orltioality of landing gear or support structure. This attitude 
generally creates the highest forward loads on the main landing gear in 
combination with vertioal loads. 
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(2) The tail-down landing condition may be the oritioal condition for 
both landing load factor and for energy absorption by the main gear. 
Seotion 27*725 requires that "eaoh landing gear must be tested in the attitude 
simulating the landing oondition that is most oritioal.*1 Where questions exist 
as to the critical attitude, both level landing and tail-down landing attitudes 
should be used in drop tests required by $ 27.725* 

176. S 27.483 (through Amendment 27-19) ONE-WHEEL LANDING CONDITIONS. 
a. Explanation. This seotion gives the oondition to be used for one-wheel 

landing conditions. Only the vertioal load oondition of § 27.479(b)(1) is 
required. 

b. Prooedures. The one-wheel landing condition is generally critical for 
the landing gear-to-fuselage attachments and the landing gear elements between 
the attachments. Unbalanced external loads are reacted by rotorcraft inertia* 

177. S 27*485 (through Amendment 27-19) LATERAL DRIFT LANDING CONDITIONS, 
a* Explanation. 

(1) This seotion provides the loading conditions whioh impose side (and 
vertioal) loads on the landing gear. A level landing attitude is specified. Two 
main oonditlons required are— 

(i) Only the aft wheels in oontaot with the ground; and 
(ii) All wheels oontaoting the ground simultaneously. 

(2) Loads. The vertioal loads to be applied with the side loads are 
speoified as "one-half of the maximum ground reaotions of § 27.479(b)(1)." These 
vertioal loads are the level landing loads considering both oontaot and 
noncontact with the ground by the forward wheels* 

(i) One side load condition is specified as n0.8 times the vertical 
reaction aotlng inward on one side and 0.6 times the vertioal reaction acting 
outward on the other side" when only the aft wheels oontaot the ground. 

(ii) The other side load oondition (for all wheels oontaoting the 
ground) specifies the 80 peroent inward/60 peroent outward distribution for the 
aft wheels and 0.8 times (80 percent) the vertioal reaction for the forward 
wheels. 
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b. Procedures. The loading conditions, as specified* are applied to the 

landing gear and attaching structure. The loads are applied at the ground 
contaot point, except for full swiveling gear whioh has the load applied at the 
center of the axle. In other words, full swiveling gear is considered to have 
swiveled to a static position under the side load before the design vertical and 
side loads are achieved. The rotorcraft as well as the landing gear Itself will 
be substantiated for these side load conditions. 

178. § 27.493 (through Amendment 27-19? BRAKED ROLL CONDITIONS. 
a. Explanation. This section provides two loading conditions for ground 

braking operations. Speoifio vertical loads in oonjunotion with drag loads (due 
to braking) are to be considered. The limit vertical load factor is 1.33 for 
condition of all wheels in contact with the ground and 1.0 for condition of aft 
wheels only in contaot with the ground and nose wheel clear. The drag load on 
wheelB with brakes is 0.8 times the vertical load or the drag load value based on 
limiting brake torque, whichever is less. The drag load value for limiting brake 
torque may be that determined in the performance testing to TSO C26 or 
equivalent, as required. 

b. Procedures. The braking loads are calculated from the specified 
criteria with the shock absorbers in their static (normal) positions and with the 
drag loads applied at the ground contaot point. Structural substantiation of the 
affected struoture may be accomplished by test, or analysis. If tests are used, 
the wheel and tire assembly is oommonly replaced with a test fixture so the limit 
loads and static defleotions specified can be more accurately controlled. The 
test speoimen should be complete enough to ensure that the landing gear struoture 
and the attach and backup struoture are adequately substantiated. 

179. § 27.497 (through Amendment 27-19? GROUND LOADING CONDITIONS: 
LANDING GEAR WITH TAIL WHEELS. 

a* Explanation. This section provides the loading conditions for landing 
gear designs with tail wheels. 

(1? Level landings are to consider the following: 
(i) All wheels (main and tail) contacting the ground 

simultaneously, as well as only forward main wheels contacting the ground. 
(ii) Maximum design vertical loads applied alone. 
(iii) The maximum design vertical loads combined with a drag load of 

at least 25 percent of the vertioal loads for both conditions. 
(2) Noseup landings with only the rear wheel or wheels initially 

contacting the ground must be considered unless shown to be extremely remote. 
(3) Level landings on one forward wheel only are to be considered. 

Drag loads are not required. 
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(4) Side load conditions are imposed on the main wheels and tail wheels 

for level landing attitudes. Criteria for full swiveling and looked tall wheels 
are included in this standard. 

(5) Braked roll conditions are specified for the level landing 
attitudes. 

(6) Rear wheel turning loads are also specified for swiveling and 
locked tail wheels. 

(7) Taxiway oondition loads for the landing gear and rotorcraft are 
those that "occur when the rotororaft is taxied over the roughest ground that may 
reasonably be expected in normal operation." The aircraft design load factors 
should not be exceeded during the evaluation. Section 27.235 contains an 
Identical standard that applies to all types of wheel landing gear. 

b. Procedures. 
(1) The speolfied loading conditions are to be used in load derivations. 
(2) The critical oenter of gravity oondition is used for eaoh gear and 

gear support struoture. 
(i) The forward center of gravity oondition with the tail gear 

olear will normally be oritioal for the forward gear and gear supports. 
(ii) The aft center of gravity oondition with the tail gear clear 

should be checked for oritlcality of security of large mass items located forward 
of the center of gravity. Vertioal and angular accelerations are additive under 
this landing condition. 

(iii) The aft oenter of gravity condition with eaoh gear contacting 
the ground simultaneously will generally design tail gear elements oritioal for 
vertical loads. The other conditions are generally less severe but must be 
proven. 

(3) For taildown landing procedures use § 27.481. The reference to 
"extremely remote" in § 29.497(d)(2) predates current §§ 25.1309, 29.1309, and AC 
25.1309.1. This phrase has been used to require consideration of noseup landings 
unless features of design are present whioh prevent noseup landings or where such 
landings are unlikely during the life of the rotorcraft. (See paragraph 175 of 
this document.) 

(4) Use 8 27.483 for one-wheel landing procedures, paragraph 176 of 
this document. 

(5) Use § 27.485 procedures for side load oonditions, paragraph 177 of 
this document. 

(6) Use § 27.493 procedures for braked roll oonditions, paragraph 178 
of this document. 
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(7) For rear wheel turning loads, swivellng of tail landing gears is 

allowed as in basic side load conditions. The side load is applied at the axle 
or, if the wheel is locked, the load is applied at ground contact. Rear wheels 
are loaded with the oritical vertical static load in conjunction with an equal 
side load to substantiate the tail gear. 

(8) Since the rotorcraft Is to be designed for load factors that will 
not be exceeded during taxi tests or other conditions, an instrumented 
taxi test program will be necessary. (Use § 27.235, paragraph 97, of this 
dooument.) 

180. § 27.501 (through Amendment 27-19) GROUND LOADING CONDITIONS: 
LANDING GEAR WITH SKIDS. 

a. Explanation. This section provides the ground loading conditions for 
landing gear with skids. The loading conditions are similar to those for wheeled 
gear except for the following criteria which are unique to skid gears: 

(1) Structural yielding of elastic spring members under limit loads Is 
allowed. 

(2) Design ultimate loads for elastic spring members need not exceed 
the loads obtained in a drop test with a drop height of 1.5 times the limit drop 
height. The rotororaft and the landing gear attachments are subject to the 
prescribed design ultimate loads. 

(3) The gear must be in its most critically deflected position (similar 
to § 27.475). 

(4) Ground reactions are rationally distributed along the bottom of the 
skid unless otherwise speoified. Section 27.501 (f) conoerns specific 
"concentrated" and arbitrary load conditions. 

(5) Drag loads are 50 percent of vertical reactions rather than the 
25 percent for wheeled gear. 

(6) Side loads are 25 percent of the total vertical reaction rather 
than the 60 to 80 peroent for wheeled gear. 

(7) Side loads are applied to one skid only (inward acting and outward 
acting) with resulting unbalanced moment resisted by angular aoceleration. 

(8) A ground reaction load of 1.33 times the maximum weight is to be 
applied at 45° from the horizontal axis: 

(i) Distributed among or between the skids; 
(ii) Concentrated at the forward end of the straight portion 

of the skid tube; and 
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( i l l ) App l ied on l y t o the fo rward end o f t he s k i d tube and i t a 
attachment t o the r o t o r c r a f t . 

(9 ) A oonoent ra ted v e r t i c a l load equal t o one -ha l f o f the des ign l i m i t 
v e r t i c a l l oad i s t o he a p p l i e d a t a p o i n t midway between the s k i d tube 
a t tachments . Th i s o o n d i t l o n a p p l i e s on l y t o the s k i d tube and i t a at tachment t o 
the r o t o r c r a f t . 

b . Procedures. 

(1 ) The s p e o i f i e d l o a d i n g c o n d i t i o n s a re t o be used i n l oad d e r i v a t i o n s . 

( 2 ) The c r i t i c a l cen te r o f g r a v i t y c o n d i t i o n s a re t o be used f o r each 
gear and gear suppor t s t r u c t u r e . Asymmetry o f the s k i d t ubes , oross t ubes , and 
gear a t tachments i s t o be cons idered i n de te rm in ing the o r i t i c a l cen te r o f 
g r a v i t y o o n d i t i o n . 

(3 ) The r o t o r c r a f t and l a n d i n g gear at tachment must be subs tan
t i a t e d f o r u l t i m a t e l a n d i n g loada by e i t h e r t e s t o r a n a l y s i s u t i l i s i n g an 
u l t i m a t e load f a c t o r o f 1.5 i n accordance w i t h § 27 .303 . The e l a s t i c s p r i n g 
members may be analyzed o r s t a t i c t e s t e d f o r u l t i m a t e loads (and d e f l e c t i o n s ) 
u s i n g e i t h e r a f a c t o r o f s a f e t y o f 1.5 o r one assoc ia ted w i t h an " u l t i m a t e 1 1 drop 
h e i g h t o f 1.5 t i m e B t he l i m i t d rop h e i g h t . S u b s t a n t i a t i o n by " u l t i m a t e " drop 
t e s t s may be used p rov ided a l l combinat ions o f c r i t i c a l parameters are inc luded 
i n the t o t a l s u b s t a n t i a t i o n e f f o r t . T h i s method w i l l r e q u i r e a s e r i e s o f t e s t s 
us ing s e v e r a l t e s t specimens o r a l i m i t e d number o f drop t e s t s p l u s f u r t h e r 
s u b s t a n t i a t i o n s by s t a t i c t e s t s o r analyses f o r a d d i t i o n a l o r i t i c a l c o n d i t i o n s 
not covered by the drop t e s t ( s ) . 

1 8 1 . 8 27.505 SKI LANDING CONDITIONS. (RESERVED) 

182 . -192 . RESERVED. 
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SECTION 11. WATER LOADS 

364 (thru 410) 
Chap 2 
Par 193 

193. RESERVED. 
194. § 27.521 FLOAT LANDING CONDITIONS. (RESERVED) 
195.-204. RESERVED. 

SECTION 12. MAIN COMPONENT REQUIREMENTS 
205. § 27.547 MAIN ROTOR STRUCTURE. (RESERVED) 
206. § 27.549 FUSELAGE. LANDING GEAR. AND ROTOR PYLON STRUCTURES. (RESERVED) 
207.-217. RESERVED. 



8/29/85 AC 27-1 

SECTION 13. EMERGENCY LAMPING CONDITIONS 
218. § 27.561 GENERAL. (RESERVED) 
219. § 27.563 (through Amendment 27-20) STRUCTURAL DITCHING PROVISIONS. 

a. Explanation. Amendment 27-11 included oertifloation requirements for 
ditoning approvals. The helicopters must be able to sustain an emergency landing 
in water as prescribed by § 27.801(e). 

b. Prooedures. Refer to paragraph 338 of this AC for procedures. 
220. -229. RESERVED. 

SECTION 14. FATIGUE EVALUATION 
230. § 27.571 FATIGUE EVALUATION OF PLIGHT STRUCTURE. (RESERVED) 
231.-240. RESERVED. 
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SECTION 15. DESIGN AND CONSTRUCTION - GENERAL 

241. S 27.601 (through Amendment 27-19? DESIGN. 
a. Explanation. 

(1) This rule requires that no design features or details be used that 
experienoe has shown to be hazardous or unreliable* 

(2? Further, the rule requires that the suitability of eaoh 
questionable design detail and part must be established by tests. 

b. Procedures. 
(1) This rule is met partially by a review of service history of 

earlier model rotorcraft, or for a new model, review of service experience of 
models with similar design features. Specifically, this rule covers "features or 
details" such as the following: 

(i) Seat track-to-seat interfaoe fittings. These fittings should 
have adequate locking devices to prevent both premature structural failure and 
premature unlatching. 

(ii) Seat belt and harness should be of a type and construction that 
service experienoe has shown to be easy to don and unlatch and remove. They 
should also be of a type that is reliable, does not interfere with egress, and 
does not sustain unnecessary wear and tear under normal operations. 

(iii) Metallic parts less than a certain thickness gauge and 
composite materials less than a certain number of plies should not be used. The 
minimum thickness and number of plies should be based to a large degree on 
service (normal wear and tear) experienoe with similar designs. 

(2) The effects of service wear on the loading of critical components 
should be considered. Flight testing, ground testing, and analyses may be used 
in these considerations. 

(3) Tests are required for details and parts whioh the applicant 
, chooses to use after questions have arisen concerning their suitability. 
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242. § 27.603 (through Amendment 27-19) MATERIALS. 
AC 27-1 

a. Explanation. The rule requires that the suitability and durability of 
materials, the failure of whioh oould adversely affeot safety, must be determined 
by three-fold considerations: 

(1) Considerations based on experience or tests. 
(2) By meeting approved specifications. 
(3) By taking into aooount environmental conditions suoh as temperature 

and humidity. 
b. Procedures. 

(1) Where possible, materials that meet widely aooepted specifications 
suoh as AISI, SAE, MIL, or AMS and alloys whloh have favorable experience or 
tests should be used. Where company developed materials are used, approved 
specifications are required to ensure the developed properties are duplicated in 
eaoh lot of material. 

(2) Environmental conditions may be taken into account by service 
experience, coupon testing, full-scale testing, or a combination of testing and 
experience* MIL-HDBK's -5, -17, and -23 include some environmental effects and 
contain referenoe to additional methods of testing for environmental effeots. 

(3) Section 27.613 concerns strength properties and design values. 
(See paragraph 248 of this document.) 

243* § 27.605 (through Amendment 27-19) FABRICATION METHODS. 
a. Explanation. The basic requirement of this rule is that the methods of 

fabrication must produce sound structure and produoe it consistently. 
(1) A prooess speoifioation is required for fabrication processes 

requiring close control. 
(2) A test program is explicitly required for each new aircraft 

fabrication method. 
b. Procedures. 

(1) The approved specifications required by this rule may either be 
established government/Industry specifications suoh as MIL, AISI, ASIM, or SAE; 
or the specifications may be company-developed proprietary specifications. 
Suffioient data should be provided to the FAA aircraft engineering offioes to 
show that the desired features are provided by the process specification. In 
addition, suffioient prooess oontrols, inspections, and tests should be 
coordinated with FAA manufacturing inspection personnel to ensure that continued 
quality of the process is provided. 
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(2) In addition to the examples given by the rule; i.e.. gluing, spot 

welding, and heat treating prooess, speoifioations should also be prepared for 
types of welding other than spot welding, for platings of metals, for protective 
finishes (other than decorative), for sealing, and for unique fabrication methods 
suoh as those used for composite materials. 

(3) The required test programs should oonsider static strength effects, 
fatigue strength effeots, and environmental effeots as appropriate to the 
processes. 
244. § 27.607 (through Amendment 27-19) FASTENERS. 

a. Explanation. Seotion 27.607 of Amendment 27-4 requires dual looking 
removable fasteners in oritioal locations. A nonfriotion looking devioe is 
speolfioally required in any bolt subject to rotation, as stated in the rules. 

b. Prooedures. Advisory Ciroular 20-71 contains information, prooedures, 
and means of complying with § 27.607 of Amendment 27-4. 
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a. Explanation. The struoture should be suitably protected as speoified in 
the rule to maintain its design strength. Ventilation and drainage provisions 
must be provided as speoified in the rule. Overboard drains should be furnished 
for corrosive or waste liquids. Drains for flammable fluids are speoified in 
other rules such as §§ 27.999 and 27*1193* 

b. Procedures. 
(1) The struoture may be preserved, painted, or treated with chemical 

films to proteot it from strength deterioration. An approved process 
speoifioation should be used for these types of treatments. 

(2) Parts may be plated or ohemloally treated, such as anodized, for 
protection. An evaluation and substantiation may be required to ensure the 
struoture or parts are not adversely affooted during, or as a result of, the 
plating or treatment process. (§ 27.605 concerns approval of prooess 
specifications and fabrication methods.) 

(3) Plating or material surface hardness or composition ohanges may 
require fatigue substantiation to ensure the fatigue strength is not altered or is 
otherwise properly assessed. An approved process specification should be used for 
these types of treatments. 

(4) To prevent water accumulation, drain holes should be plaoed at 
possible dams such as bulkheads and at low points in the fuselage and in the 
stabilizing surfaces. 

(5) Control tubes and tubes used as primary mount structures (i.e., 
transmission support struoture and engine mount struoture) should be designed to 
prevent entry and oollection of corrosive fluids or vapor, including water. 

(i) A olosed insert In eaoh tube end may be used. 
(ii) A sealant applied around the tube ends and around eaoh rivet 

head may be used. 
(6) Overboard drains should discharge clear of the entire rotorcraft. 

Dyed water discharged in flight may be used to ensure fluids are properly drained. 
(7) Drains or vents whioh handle oorrosive fumes (such as battery case 

vent line) may incorporate a container with an agent to neutralize the fumes prior 
to venting overboard. 

(8) Welded tubes should be flushed and sealed after welding In 
accordance with an approved process speoifioation. 

(9) Refer to AC 43-4, "Corrosion Control for Aircraft," for further 
procedures. 
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247. S 27.611 (through Amendment 27-19) INSPECTION PROVISIONS. 
a. Explanation. The rotororaft must have aoceaa panels or openings that 

will allow for proper maintenance and/or adjustment of the rotorcraft systems. 
(1) The rule states: "There must be means to allow close examination of 

eaoh part that requires recurring inspection, adjustment for proper alignment and 
functioning, or lubrication." 

(2) "Structural" or load-oarrying access panels may be used to oomply 
with the rule. Structural panels should have stencils or permanent labels 
(§ 27.1541(a)(2)) stating the panels must be installed prior to ground 
or flight operation. 

(3) Holes or "nonstructural" aooess panels should be used whenever 
possible. 

b. Procedures. 
(1) The determination of compliance can be accomplished in conjunction 

with the following activities: 
(i) Reviewing type design drawings. 

(ii) Conformity inspections accomplished during certification testing. 
(iii) Be evaluated during the oontrol system proof and operation tests 

(§§ 27.681 and 27.683). 
(iv) During type inspection tests and functioning and reliability 

testing. 
(2) Equipment requiring frequent inspections (at less than 25-hour 

intervals), lubrication, or adjustments should be accessible through 
"nonstructural" doors. Areas or items requiring daily attention should be 
accessible through "nonstructural" doors since properly rated maintenance 
personnel are required to "open and close" or reinstall structural panels, and 
special design features, such as multiple pins and latches, are generally 
neoessary for structural doors. 
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248. § 27.613 (through Amendment 27-19? MATERIAL STRENGTH PROPERTIES AMD DESIGN 

VALUES. 
a. Explanation. The rule requires the use of materials that have a known 

minimum strength value. The struoture must not be understrength and must be 
designed to minimize fatigue failure. 

(1) Material design values in oertain speoified doouments may be used. 
The FAA may approve other material design values thus allowing the applioant 
greater flexibility in seleotion of materials by proving their strength properties 
and design values as stated in § 27.613(d). 

(2) Other materials that may be new or are not inoluded in the speoified 
doouments may be tested and design values established as provided by § 27.613(a) 
and (d). 

(3) Seotion 27.613(d) requires the seleotion of materials that will 
retain design values and properties in the type of servloe environment and for the 
length of service time intended for the structure. 

(4) Seotion 27.613(o) is an objective rule oonoernlng minimizing fatigue 
failures and § 27.571 oonoerns quantitative fatigue substantiation requirements. 

b. Prooedures. 
(1) The properties and design values in the documents noted in the rule 

may be used. 
(2) MIL-HDBK-5, Metallic Materials and Elements for plight Vehicle 

Struoture, Chapter 9, oontains prooedures for establishing design values of 
additional materials* Uniform means of presenting the data are also contained in 
this chapter. 

(3) Design values and properties must Include effeots of the service 
environment and service time. An example is exposure at elevated temperatures on 
the ultimate tensile strength of 7079-T6 aluminum alloys as found in 
Figure 3.7.4.1.1 (0) of MIL-HDBK-5• 

(4) The probability of disastrous fatigue failures must be minimized* 
This may be accomplished by using design features usually identified as fail-safe 
features, such as the following, whioh were were obtained from Advisory 
Ciroular 20-95. 

(i) Seleotion of materials with stress levels to provide a 
controlled slow rate of oraok propagation oombined with high residual strength 
after initiation of oraoks (lightly loaded structures). 

Chap 2 
Par 248 455 



AC 27-1 8/29/85 
(li) Use of multlpath construction and the provision of craok 

stoppers to limit the growth of oracks. 
(iii) Use of composite (multielement) duplicate structures so that a 

fatigue craok or failure oocurring in one element of the composite (multielement) 
member will be confined to that element and the remaining struoture will still 
possess adequate load-carrying ability* 

(iv) Use of backup struoture wherein one member carries all the load, 
with a seoond member available and capable of assuming the extra load if the 
primary member fails. 

(v) Design to permit deteotion of oracks including the use of oraok 
detection systems, in all oritioal structural elements before the cracks can 
beoome dangerous or result in appreciable strength loss, and to permit replacement 
or repair. 

(5) Acceptable standards for pressurized containers or oylinders, suoh 
as cylinders of nitrogen, used to inflate emergency floats may be found in 49 CFR 
178, Subpart C, §§ 178.36 through 178.68. Specifically, § 178.44 concerns 
standards for steel cylinders used in airoraft that are subjected to at least 900 
psl servioe pressure. This standard includes strength, test, material property, 
inspection, quality, design features, identification, and inspection report 
requirements. As an example, § 178*44-14, entitled "Hydrostatic Test," requires 
that each oylinder must be (proof) tested to at least 5/3 times the service 
pressure. Seotion 178.44-16, entitled "Burst Test," also states that one oylinder 
taken at random out of eaoh lot of oylinders shall be hydrostatically tested to 
destruction. 

(6) Other design criteria may be developed and approved under the 
provisions of FAR Part 27 as a unique part of the alroraft type design. 

249. S 27.619 (through Amendment 27-19) SPECIAL FACTORS, 
a. Explanation. 

(1) This is a general rule to complement other rules. Special factors 
are employed for reasons oited in the rule to ensure an airworthy airoraft 
structure. The 1*5 ultimate load faotor in § 27.303 is multiplied by a special 
faotor as spedfled in the rule* 

(2) Specifio factors are prescribed for oastlngs and fittings in 
SS 27.621 and 27.625, respectively. Faotors may be prescribed for bearings with 
free olearance as stated in § 27.623. In addition, any other faotor may be 
presoribed "to ensure that the probability of the part being understrength because 
of the uncertainties specified in § 27.619(a) is extremely remote." 
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b» Procedures* 

250. § 27*621 (through Amendment 27-19) CASTING FACTORS. 
a. Explanation* Casting design, test, and inspection criteria are inoluded 

in this rule for critical and noncritioal structural castings. Hydraulic or other 
fluid containers are not subjected to "structural loads" but are subject to 
pressure testing as a part of hydraulic or other flight systems. Critical and 
nonoritioal oastings are defined in the rule* 

(1) Faotors, tests, and inspections are specified for structural 
castings. Additional faotors, tests, and inspections may be applied, as 
prescribed by § 27.603, § 27.605, or § 27.613, for foundry quality control. 

(2) For castings that have surfaces subject to bearing structural design 
loads, the casting faotor need not exceed 1.25 with respeot to bearing stresses 
and need not be used with respeot to the bearing surfaoes if the bearing factor of 
§ 27.623 exceeds the applicable casting factor. 

(3) Critioal oastings must have a oasting faotor not less than 1.25 and 
must receive 100 percent inspection as specified including radiographic 
inspection. Statio test requirements are also specified in addition to the 
inspeotion requirements. 

(4) Noncritioal structural oastings may have a casting faotor as small 
as 1.0 with attendant increased inspeotion and quality control requirements. Use 
of larger casting faotors reduces the inspeotion and quality oontrol requirements. 
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(1) One example of fitting factor use follows: 
1,000-pound limit design load x 1.15 fitting factor x 1.5 ultimate 
load faotor equals 1,725-pound ultimate design load* 

(2) Other specific faotors may be similarly applied. Refer to §§ 27.623 
and 27.625. 

(3) Other factors may be imposed as olted in the rule* Advisory 
Circular 20-107, paragraphs 5 and 6, are examples of requiring tests of component 
and subcomponent struoture to account for variability of strength and stiffness of 
composite structures. Faotors appropriate for the particular design are obtained 
and used in substantiation of the composite struoture. 

(4) The rule complements §§ 27.603 and 27.613. Regardless of the rule 
invoked, the variability of the material and/or assembly properties should be 
accounted for. 
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(5) Structural atatio and fatigue substantiation, by teat or analysis, is still required in addition to any casting statio tests required by this rule. 
b. Procedures. 

(1) The rotororaft oastings should be classified as orltioal or nonoritioal or nonstructural or fluid oontainer aa soon aa possible in the certification program. The applicant should then be prepared to propose the tests required for oertification. 
(2) The casting faotora and associated inspection requirements dictated by f 27.621(o) and (d) are shown aa follows. 



8/29/85 AC 27-1 

INSPECTION REQUIREMENTS 
CASTING CRITICAL CASTINGS NONCRITICAL CASTINGS 
FACTOR / g \ /k 
RANGE 

FAA REQUIRE- OTHER FAA REQUIREMENT OTHER 
1 \ MENT § 27.621(o) CLASSIFICATION § 27.621(d) CLASSIFICATION A 

2.01 OR 
GREATER 

1.50 t o 
2.00 

A 
A A 

1.499 /e\> ^ 
1.249 NOT ALLOWED / \ /b\ / t \ 

A 

A 
A 
A 
A 
A 

U l t i m a t e load = Cast ing f a c t o r x 1.5 x l i m i t l o a d . CAUTION: For 
c a s t i n g f a c t o r range o f 1.25 t o 1.5 see y i e l d t e s t requi rements o f 
NOTE 8. The meohanioal p r o p e r t i e s t o be used f o r a n a l y s i s s h a l l be 
based on the t a b u l a t e d va lues o f MIL-HDBK-5 o r o the r approved 
sou rces , r e f . § 27 .613 . 

C r i t i c a l oas t i ngs a re those cas t i ngs whose f a i l u r e would preolude 
oont inued sa fe f l i g h t and l a n d i n g o r r e s u l t i n i n j u r y t o any 
occupant , r e f . § 2 7 . 6 2 1 ( c ) . 

N o n c r i t i c a l oas t i ngs are c a s t i n g s o the r than those de f i ned by NOTE 
2 . 

Each o a s t i n g s h a l l r e c e i v e 100 percent v i s u a l i n s p e c t i o n . 

Each c a s t i n g s h a l l r eoe i ve 100 percent v i s u a l and reduoed magnetic 
p a r t i c l e o r pene t ran t i n s p e c t i o n o r approved e q u i v a l e n t methods. 

Each o a s t i n g s h a l l r eoe i ve 100 peroent v i s u a l and reduoed 
rad iog raph i c and magnetic p a r t i c l e o r pene t ran t i n s p e c t i o n o r 
approved e q u i v a l e n t methods* 

Eaoh o a s t i n g s h a l l r eoe i ve 100 percent i n s p e c t i o n by v i s u a l , 
r a d i o g r a p h i c , and magnetio p a r t i c l e o r pene t ran t i n spec t i ons o r 
approved e q u i v a l e n t methods. 
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8\ Three sample eastings shall be static tested and shown to meet: 

9\ Castings shall be procured to a specification that guarantees the 
meohanioal properties of the material in the casting and provides 
demonstration of these properties by test of coupons cut from the 
castings on a sampling basis. 

This ohart may be included in the oasting test proposal report. It is recommended 
that the applicant inolude in the test proposal report additional information suoh 
as shown in paragraph 250b(3). 

(3) The oasting test report may inolude the following sections or items 
in a Part I of the report. The report may also have a Part II that contains the 
test results as shown in the following example report. The following sections are 
a recommended format oontent of the report. Appropriate changes should be made as 
desired to aooommodate the applicant's system. 

This report presents the proposal for the static test of the castings 
used on the Model XYZ. The castings will be tested in compliance with 
Federal Aviation Regulations § 27.621. The purpose of this test is to 
substantiate the structural strength of the castings used on the Model 
XYZ. Fart II of this report, which will be published after static tests 
have been completed, will present test results. 
All test specimens will be seleoted as radiographic standards of 
aoceptanoe for the particular castings (see Test Specimen). Additional 
information on selecting the specific oastings may be included in the 
test specimen seotion of this report. 
Load sheets giving direction and magnitude of loads for each of the 
castings are presented in numerical order by part number at the end of 
this report. The test loads and design oriteria for the castings are 
discussed in detail in the test loads seotion of this report. 
The test loads will be applied and reacted using mating aircraft parts or 
speoial fixtures which simulate the mating parts. The methods and 
apparatus to be used for the statio tests of the castings are disoussed 
In the apparatus and method seotion of this report. 
Testing will be oonducted in . . . (location). 

The castings which will be tested are listed in numerioal order in 
Table I. Those oastings which, after structural analysis, show less than 
a 1.5 casting faotor will be tested. All direotlons are given with 
reference to a forward facing position in the rotororaft. 

No failure at 1.25 x 1.5 x limit load, and 
no yielding at 1.15 x limit load. 

EXAMPLE OF REPORT 
INTRODUCTION 

TEST SPECIMEN 
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On the basis of a radiographic examination, the three castings which are of 
the poorest acceptable quality in the first production lot of castings will 
be selected as test specimens. The poorest of the three castings will be 
selected as the initial test casting and its radiograph or ASTM standard will 
be used as the standard for accepting future castings of the particular part 
unless later standards are approved. Three castings must be tested for each 
critical condition for each part. 

Conformity Inspection 
Each machined casting will be subjected to an FAA conformity inspection prior 
to testing to determine compliance with the type d e B i g n drawings. A 
conformity report for eaoh casting may be incorporated in Part II, Test 
Results, of this report. 
The test specimen will be permanently marked or defaced after testing to 
preclude its use on a rotorcraft. 
See Table I for an example of a convenient means of listing castings. 

TEST LOAD 
The t eBt load(s) to be applied to each casting represents the critical 
loading conditlon(s) for that casting. The critical conditions on each of 
the castings were determined by the design criteria and substantiating data 
approved by the FAA. 
The design criteria for all of the castings to be static tested may fall into 
one of two categories. The load factors and structural acceptability 
requirements for each category are discussed below. Casting factors that are 
included on the load sheets of each part do not apply in the discussion 
below. (See paragraph 250b(2) for casting factors.) 
Castings Designed to Limit Load Conditions 
A structural analysis of each test casting showing the critical design limit 
load conditions is given in the data (reference report number here). The 
load factors for the static test of the castings are as follows: 
1.15 x design limit load » design yield load 
1.50 x design limit load * design ultimate load 
Castings Designed Only to Crash Landing Conditions 
The castings in this category were designed using a crash landing load factor 
for the design ultimate load. The design yield load criteria of 1.15 x limit 
load need not apply to these castings. The test loads for these castings may 
be given in terms of d e B i g n ultimate load on the individual casting load 
sheets shown in Part I of this report. 
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Test Procedures 

Chap 2 
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Depending on the results of the Initial statio test of eaoh casting, the 
following prooedure will be used. 

a. If in the initial test of oritioal oastings the oasting is found to 
have a casting factor of 1.5 (1.5 x design ultimate load), the casting will be 
considered acceptable and no further tests will be oonduoted. 

b. If in the initial test(s) the oritioal oasting is found to have a 
casting factor less than 1.5 but equal to or greater than 1.25, two additional 
oastings will be tested for eaoh critical load oondition. Eaoh must also show 
a minimum oasting faotor of 1.25. 

c. If in the initial test, or in one of two additional tests, a casting 
shows a oasting faotor less than 1.25 times design ultimate or yields prior to 
reaohing 1.15 times design limit load, the casting will be redesigned and 
retested. The yield criteria are also applicable to the first two procedures 
with the exoeption of oritioal castings designed to orash landing conditions. 

TEST APPARATUS AND METHOD 
The Model XYZ oasting static tests will be oonduoted using fixtures designed 
to simulate the installation of the castings in the aircraft. Where 
practical, mating aircraft parts will be used to apply and reaot test loads, 
when praotioal, the statio tests will be oonduoted with mating oastings 
assembled when the oritical loads for the mating castings are compatible; 
otherwise, fixtures simulating the mating parts may be designed and fabricated 
for the tests. Assembly hardware used to mount test oastings will be the same 
as hardware used on the helioopter. All bolt torques and other assembly notes 
will conform to the type design assembly instructions. 
The tests will be oonduoted using calibrated load measuring devices such as 
hydraulio cylinders and pressure gages, load cells, strain gage bridges, or 
dead weights. 
Deflections of the oasting may be measured using graduated dial indicators or 
scales in all tests. The deflection indicators will be based or mounted on 
the oasting and will measure casting deflection only when possible; 
otherwise,the indicators will be based on the fixture and measure deflection 
of the casting relative to the fixture. Defleotion readings will be made at 
20 peroent increments of limit load through 100 peroent of limit load and at 
115 peroent of limit load. These increments may be changed if necessary. 
Permanent deformation readings will be made after relieving 115 peroent and 
150 peroent of limit load. 
See figure 250-1 as an example of a load sheet. 
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P 

Tension 
Comp. 

Compression Reaotion 
FIGURE 250-1 

EXAMPLE OF CASTING LOAD SHEET 
RETRACT ACTUATOR SUPPORT - LANDING GEAR 

Inolude spherical bearing with olamped-up bolt and a link in the test setup 
to confirm the stability. Loads are based on a jam oondition with actuator 
operating at 1,700 pai pressure maximum. 
A 1.25 oasting faotor is Included in these loads. 
These loads were derived from data in approved structural loads and analysis 
report. 

END OF SAMPLE REPORT 

(U) The format of the previous guidance material may be changed to 
accommodate the applicant's method of data presentation. 

(5) Nonstructural castings may be tested and included in the test report. 
(6) Cast fluid containers, including hydraulio fluid containers, may be 

tested as prescribed in other rules of FAR Part 27 and a test proposal and test 
results report may be inoluded in the oasting test report, or an appropriate 
report may be referenced for convenience. We recommend use of one report to 
oontain test data or referenoe to test data for all oastings used on the 
rotororaft. 
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TABLE I EXAMPLE 
CASTINGS TO BE STATIC TESTED FOR MODEL XYZ 

CASTING No. MACHINE OR ASSY. No. NAME AND LOCATION MATERIAL 
Base Assembly, Pilot's 
Collective Column 
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a. Explanation. A 1.15 factor is speoified to ensure that the calculated 
load and stress distribution within any fitting is conservative. Application of 
the factor is excluded or is an exception as stated in the rule. 

b. Procedures. 
(1) The faotor may be applied to the calculated load or stress for the 

fitting. 
(2) The structural design substantiating data should include the 

fitting factor and where applicable should include, but not be limited to, the 
rotor system. The rotor system includes the rotor blade attachments, rotor head 
and hubs, and boosted oontrol system elements. Other typical areas that may be 
considered are tail rotor gearbox attachment, tailboom to fuselage fittings, 
transmission pylon attachments, and landing gear attachment to the rotororaft. 

(3) The fitting factor is not required in the following applications: 
(i) Joints suoh as continuous joints in metal plating, welded 

joints and scarf joints in wood. 
(ii) Elements proven by limit or ultimate load tests suoh as 

nonboosted control system parts. 
(iii) Elements for which a larger load faotor is used such as a 

oasting factor, a 1.33 retention factor when required for seats and safety belts, 
a fatigue factor, bearing factor or special factor greater than 1.15, orash load 
factors that are the only design case, and crash load factors that exceed limit 
load factors x 1.5 x 1.15. 

(iv) Elements for whioh the failure mode does not affect safety of 
flight or occupant safety. 

253. § 27.629 (through Amendment 27-19) FLUTTER. 
a. Explanation. The rule requires that the rotorcraft nbe free from 

flutter under each appropriate speed and power condition.11 

b. Prooedure. Freedom from flutter is to be shown for the entire 
rotororaft with special attention to the blades, fins, and stabilizers. 

(1) Flutter is defined as an aeroelastio instability resulting 
primarily from ooupling of flap and pitch bending modes. 
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251. § 27.623 BEARING FACTORS. (RESERVED) 
252. § 27.625 (through Amendment 29-19) FITTING FACTORS. 
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(2) Freedom from flutter may be shown by analysis or by appropriately 

instrumented flight flutter tests. 
(3) The flight load survey proposal submitted for compliance with 

$ 27*571 may also oontaln tests to fulfill oomplianoe with § 27*629* 
(4) Flight loads survey data or flight flutter test data should be 

reviewed to ensure that exoessive osoillatory defleotions of rotors or surfaoes 
will not be encountered. 

(5) Sensitivity analyses should be conducted to ensure that normal wear 
in the pitoh change mechanisms of the main rotor blades and tail rotor blades 
doea not reduce the effeotive stiffnesses sufficiently to oause flutter. 

254.-264. RESERVED, 

466 (thru 490) 
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SECTION 16. ROTORS 

265. § 27.653 (through Amendment 27-19) PRESSURE VENTING AND DRAINAGE OF ROTOR 
BLADES. 

a. Explanation. The rule requires eaoh rotor blade to be provided with 
venting and drainage means (i.e., holes, etc.) or else the blade must be sealed 
and designed to withstand internal pressure. 

b. Procedures. Although the rule provides for venting and drainage 
features, reoently certificated blades have been designed to be sealed and to 
sustain the "maximum pressure differentials expected in service." For modern 
blade designs, the internal pressure buildup due to environmental effeots and 
oentrifugal acceleration effects (near the tip) oan be readily sustained with 
moisture sealing accomplished. The use of sealed blades is highly advantageous 
and recommended because of the possibility for severe corrosion damage resulting 
from trapped moisture and because of the difficulty in finding internal oorroslon 
damage by use of field level inspections. 

266. § 27.659 (through Amendment 27-19) MASS BALANCE. 
a. Explanation. The rule requires that mass balancing of rotors and blades 

be provided, as necessary, to prevent excessive vibration and flutter. Further, 
the rule requires structural substantiation of the mass balance installation. 

b. Procedures. 
(1) The weight, geometry, and looation of rotor and blade mass balance 

devices are determined as the requirements of §§ 27.571 and 27.629 are met. 
(2) The structural substantiation should show static strength to meet 

the maneuver and gust loads of §§ 27.337, 27.339, and 27.341. In addition, the 
main rotor loads of § 27.547(c) should be substantiated. The fatigue strength of 
the mass balance devices (including structural supports) should meet the 
requirements of § 27.571. 

(3) In addition to the appropriate strength requirements, some reoent 
designs have included features whioh trap the balance weight inside a limited 
area even if the primary attachment means (adhesive, bolts, etc) fail* This 
type of design feature is reoommended because of the severe loading environment 
to whioh balanoe devloes are subjected* 
267. S 27*661 ROTOR BLADE CLEARANCE. (RESERVED) 
268. § 27.663 GROUND RESONANCE PREVENTION MEANS. (RESERVED) 
269.-278. RESERVED. 
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a. Explanation. 
(1) The rule requires basically that controls operate easily and 

smoothly and provide positive response of the rotororaft from oontrol input. 
(2) In addition, the rule requires that incorreot assembly be prevented 

by special design features or special markings. 
b. Procedures. 

(1) Easy, smooth operations of controls are substantiated by the 
operations tests of § 27.683 and the FAA flight testing under TIA procedures. 
Positive response of the rotororaft to control inputs is also evaluated during 
company flight testing and FAA TIA flight testing to the requirements of 
§§ 27.141 through 27.175. 

(2) To meet the requirement that incorreot assembly be prevented, the 
preferred method is providing design features whioh make incorreot assembly 
impossible. Typioal design features which oan be used are different lug 
thioknesses, different member lengths, or significantly different configurations 
for eaoh system component. In the event that incorrect assembly is physically 
possible (because of other considerations), the rule may be met by the use of 
permanent, obvious, and simple markings. Permanent (durable) decals or stencils 
may be used. 

(3) Design features of the control systems are cheoked when reviewing 
the type design drawings. During the proof and operation tests of §§ 27.681 and 
27.683, the controls should be thoroughly reviewed for possible inoorreot 
assembly and for any required markings supplied for compliance with this 
standard. 
280. § 27.672 STABILITY AUGMENTATION, AUTOMATIC, AND POWER-OPERATED SYSTEMS. 
(RESERVED) 
281. S 27.673 PRIMARY FLIGHT CONTROL. (RESERVED) 

492 (thru 524) 
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SECTION 17. CONTROL SYSTEMS 
279. § 27.671 (through Amendment 27-19) GENERAL. 
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282. § 27.675 (through Amendment 27-19) STOPS. 

a. Explanation. 
(1) Stops are required to prevent unrestrained movements of 

pilot/autopilot Inputs from causing interferences or overloads. 
(2) The rule requires that the stop must be located to not appreciably 

affect the control system range of travel due to wear, slackness, or takeup 
adjustments. 

(3) Eaoh stop is required to withstand loads corresponding to design 
oonditions. 

(4) In addition, eaoh main rotor blade, if appropriate for the design, 
must have stops to limit its travel about its hinge points. For rotors with 
hingeless design, stops may be provided as appropriate to limit blade travel. 
Loads which result from the blade hitting the stops (during starting or stopping 
the rotor or during any large but allowable pilot control inputs suoh as 
autorotatlon oyolio flares or when subjected to ground gusts, etc.) shall not 
overload the stops nor any rotor component. 

b. Procedures. 
(1) Stops are generally provided in the cockpit area and near any 

controllable surfaoe end of the control system (i.e., main rotor hub, tail rotor 
hub, and stabilizer activators). For systems with control coupling or series 
actuators, stops have been located farther downstream (away from the cookpit) to 
permit increased control output during malfunction (hardover) or extreme control 
position cases. 

(2) Location of stops in close proximity to eaoh end of a control 
system will allow the stop to provide its function most efficiently without undue 
defleotions between the stop and its adjacent surface or its adjacent oockpit 
oontrol lever or pedals. The location of stops close to the control lever or 
surfaoe will help meet the requirement that the stop (and its function) not be 
appreciably affected by wear, slackness, or takeup adjustments. Consideration 
should be given to limiting the total amount of takeup adjustments of both the 
stop and the control systems to preclude a hazardous adjustment of the control 
surface range of travel by either normal or extreme takeup adjustment. 

(3) Each stop is to be substantiated for oritioal design conditions 
from either pilot effort, aerodynamic loads, hydraulio loads, and other critical 
loads, as applicable. The stops can be substantiated for limit loads by the 
tests of § 27.681. 

(4) The stops to limit the main rotor blade about its hinge points 
should be positioned to prevent the blades from striking any part of the 
struoture, particularly during startup and shutdown operations. These stops 
should a l B O limit the flapping of the statio main rotor blades of the rotororaft 
when they are subjeoted to ground gusts and rotor wash from nearby taxiing 
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rotororaft. Provisions should be made to prevent overloading the stops or the 
blade under oonditlons of ground gusts and rotor wash effeots or during 
autorotatlonal landing flares. The need for provisions to prevent possible 
overloads due to ground gusts and close taxiing by adjacent rotorcraft and by 
autorotatlonal landing oan be determined using the instrumented flight load 
survey airoraft by hover-taxiing another helioopter near the instrumented 
airoraft and by oonductlng autorotatlonal landing flares with the instrumented 
airoraft* Substantiation for the final main rotor flapping stop design oan be 
demonstrated by similar tests. 

(5) If features of design are added to the main rotor stop assembly 
whioh aotivate certain portions of the stop assembly only on the ground to meet 
the requirement that the blade not hit the droop stop during any operation other 
than starting and stopping the rotor, suoh features of design must be 
substantiated to reliably operate by both ground tests and flight tests, as 
appropriate. Wear and rigging toleranoes should be oonsldered in these 
demonstration tests. 

283. S 27.679 (through Amendment 27-19) CONTROL SYSTEM LOCKS. 
a. Explanation. The rule requires that if oontrol system looks are 

provided, means are neoessary to prevent the rotororaft from taking off with the 
looks engaged or, once airborne, to prevent the locks from engaging in flight. 

b. Prooedures. Two main prooedures may be used to meet the requirements of 
this rule. 

(1) The first procedure is to provide a means to disengage the lock 
"automatically1' as the pilot operates the controls. If this method is used, the 
means must disengage the lock in a manner that it will not automatically 
re-engage during flight under normal pilot operations. The means may be physical 
removal of the looking device from close proximity to the oontrol system 
interface with deliberate orew action neoessary to return the device to the 
control system interface, or the means may be that the mechanism geometry and/or 
actions prevent looks from engaging in flight. 

(2) The second prooedure whioh may be used is to provide looks which so 
limit rotororaft operations that it is impossible to take off with the locks 
engaged. Acceptable means are features which prevent engine startup or which 
restrict oolleotive oontrol operations to prevent sufficient lift for takeoff. 
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284. § 27.681 (through Amendment 27-20) LIMIT LOAD STATIC TESTS. 

AC 27-1 

a. Explanation. 
(1) The rule requires statlo tests of the oontrol system in showing 

compliance with limit load requirements. 
(2) The tests are speoified to include eaoh fitting, pulley, and 

braoket of the oontrol system being tested and to include the "most severe 
loading." 

(3) Also, the rule requires that compliance with bearing factors 
(ref. § 27*623) be shown by individual teats or by analyses for oontrol system 
joints subject to motion. 

b. Procedures. 
(1) Compliance with the requirements of this rule is obtained by static 

testa oonduoted on either a static test airframe or on a prototype flying ship. 
In either case, conformity of the control system and related airframe is 
necessary to validate the tests. 

(2) The rotor blades or aerodynamic surfaces may be used to react pilot 
effort loads through the oontrol system, or they may be replaoed with fixtures. 
If fixtures are used, they should be evaluated for geometrio and stiffness 
efforts to ensure test validity. 

(3) The loads to be applied during the limit load static tests are 
speoified in §§ 27*395, 27.397, and 27.399* The loads are applicable to 
collective, oyollo, yaw, and rotor blade oontrol systems as well as any other 
flight oontrol systems provided by the design. 

(4) Although Part 27 does not explicitly speoify the bearing factors to 
be used in control system rotating joint tests or analyses, the factors of 
§ 29.685 have been used in past programs. These factors are 3*33 for push-pull 
systems and 2.0 for oable systems for joints with plain bearings and 
manufacturers' ratings for ball and roller bearings. 
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a. Explanation. The rule requires that the oontrol system be free from 
jamming, excessive friction, and excessive deflection. An operational test is 
required in whioh specified loads are applied at the pilot oontrols and carried 
through an operating control system. 

b. Procedures. 
(1) Compliance with the requirements of this rule is obtained by use of 

a test setup similar to that used for the limit load tests of § 27 .681, exoept 
the load reactions at the blades (or surfaces) must allow for movement of the 
blades (or surfaces) as the system is operated through its operating range. 

(2) Fixtures are normally affixed to the surfaces (or replace the 
surfaces) to allow pulley arrangements whioh provide for movement under load. 
These fixtures should be evaluated to ensure that system loads up to limit will 
be applied during the full range of operations of each system. 

(3) Eaoh flight oontrol system should be operated through its entire 
range under a light load and under limit load. As the oontrols are being 
operated, the system should be checked for jamming, exoessive friction, and 
excessive deflection. Excessive deflection Includes deflection sufficient to 
contact other systems or structures. Also (in agreement with CAM 
04.331/04*43.11), FAA policy has been to consider exoessive the deflection of a 
oontrol system under limit load which exoeeds approximately one-half of the 
system travel from neutral to the extreme stop. Floor panels, wall panels, and 
other aooess panels may have to be removed to permit visual ohecks of the entire 
oontrol system. 

286. S 27*685 (through Amendment 27-19) CONTROL SYSTEM DETAILS. 
a. Explanation. The rule requires that the control system be designed to 

prevent ohafing, jamming, and interference from cargo, passengers, loose objeots, 
or the freezing of moisture. Specifically, means are required in the cockpit to 
prevent the entry of foreign objeots into places where they would jam the system, 
and means are required to prevent the slapping of cables or tubes against other 
parts. 

b. Procedures. 
(1) The geometry of the control system components and their 

installations are the primary oontrol to prevent chafing, jamming, and 
interference. The control system from cockpit to surface should be checked for 
clearances both unloaded and loaded. The control system should be ohecked under 
load during both the limit load static tests (ref. § 27*681) and the operational 
tests of § 27 .683, Location of guides or fairleads and pulleys may be used in 
oable systems to prevent chafing and interference with other structure. 
Generally, tubes should clear adjacent struoture by location and design 
geometrical considerations* If supplemental means are provided to assure the 
tubes do not chafe or interfere, the means should be evaluated for possible 
jamming. 
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(2) Rubber (or other elastomerlc) boots conneoted to both the cookpit 

oontrol arm or shaft and to the floor are aooeptable means to prevent the entry 
of foreign objects into underfloor areas where they may cause jamming of 
controls. Control systems should, in general, be routed around cargo 
compartments. If routing of the control system components is in or near oargo 
areas, the oontrol system components should be protected by bulkheads, panels, or 
other enclosures whioh have suffioient strength and stiffness to prevent possible 
interference with the oontrol system components when subjected to oargo loading 
and handling deflections. 

(3) Control system details should be reviewed for possible moisture 
collection. Areas should drain free. Exposed or open oontrol areas should drain 
free and areas of possible freezing moisture collection should not accumulate ioe 
that would oause a jam of the oontrols. Simulated or aotual ioe oolleotion on 
the oontrols may be used to prove questionable features. The areas to be 
considered for moisture oolleotion include both external and internal areas where 
moisture may accumulate by direct impingement of water, entrapment of water 
particles, or condensation of moisture. 
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a. Explanation. 
(1) This standard for oontrol systems ensures that springs and spring 

devioes used to prevent flutter, oontrol oscillations, or vibrations are either— 
(i) Reliable (failure is extremely remote); or 

(ii) The failure is not oritioal to the rotororaft. 
(2) Tests simulating servioe conditions are required in either instance. 

b. Prooedures. 
(1) Springs end spring devices used in the control system, including 

balance springs, should be identified early in the certification program. 
(2) Whenever a spring oannot be proven by observation or analysis that 

it is "not oritioal," then ground or flight tests may be required. 
(3) Springs that are oritioal to safe operation may be subject to 

fatigue substantiation to prove they are reliable for the operating oonditlons 
imposed in servioe. 

(4) Springs used in oonjunotion with hydraulic aotuator spool valves 
may be subject to the standards of § 27.695. 

288. S 27.691 (through Amendment 27-19) AUTOROTATION CONTROL MECHANISM. 
a. Explanation. 

(1) Helioopter designs generally have a main rotor blade collective 
pitoh oontrol system that does not have detents or other devioes to limit pitoh 
oontrol in the oontrol midrange. Autogyro and other rotororaft designs may 
include detents or other finite position oontrol for oolleotive pitoh oontrol. 
This rule requires that the oontrol design allows rapid entry into autorotation 
after a power failure. 

(2) Seotion 27*33 contains standards oonoernlng establishment and 
control of the main rotor speed limits. The standard requires flight tests and 
demonstrations. The standard also conoerns rotorcraft design features that are 
related to oontrol of the main rotor speed limits. 

(3) Other design requirements for oontrol systems are contained in 
$ 27*685. 

b. Prooedure. 
(1) If high and low main rotor pitoh stops are employed in the 

oolleotive oontrol and if the oontrol may be rapidly moved from one limit to the 
other, oomplianoe is shown. 
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(2) If detents or intermediate stops are employed, the pilot must be 

able to easily and readily override, disoonneot, remove, or bypass the device to 
allow rapid autorotational entry prior to exoeeding transient low speed rotor 
limits. An early assessment of the design may be accomplished by the flight test 
personnel with the evaluation completed in the Type Inspection Authorization 
(TIA) test program. 

(3) It is acknowledged that modern rotororaft designs may have an 
autorotational V J J E that is lower than npower-on w Vjjg or normal cruise speed. 
For helioopter designs with this characteristic, the speed must be reduced after 
entry into autorotatlon. The rule also applies to rotorcraft designs with this 
characteristic, and no relief from the rule is required since many phases of 
operation ooour at speeds less than power-on V^g. For example, a oritical 
phase of flight ooours during takeoff. Rapid entry into autorotatlon is 
essential during this phase also. 

(4) The features of the autorotational control mechanism and ability to 
oontrol the rotor speed within the design limits for any rotorcraft will be 
evaluated as an integral part of the TIA test program. 

289. § 27.695 (through Amendment 27-20) POWER BOOST AND POWER-OPERATED CONTROL 
SYSTEM. 

a. Referenoe Regulations. The following sections of Part 27 are either 
incorporated in the provisions of § 27.695 or are otherwise applicable to power 
boost and power-operated control systems: 

(1) Section 27.307 Proof of structure. 
(2) Section 27.571 Fatigue evaluation of flight struoture. 

(3) Seotion 27.671 Control system. 
(4) Section 27.681 Limit load static tests. 
(5) Seotion 27.687 Spring devices. 
(6) Seotion 27.685 Control system details. 
(7) Section 27.861 Fire protection of struoture oontrols and other 

parts. 
(8) Section 27.863 Flammable fluid fire proteotion. 
(9) Section 27.1301 Function and installation. 
(10) Seotion 27.1309 Equipment, systems, and installations. 
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b. Explanation. 
(1) The rule requires an .alternate system if a power boost or 

power-operated oontrol system is used. 
(2) The alternate system must, in the event of any single failure in 

the power portion of the system, or in the event of failure of all engines: 
(1) Be immediately available. 

(ii) Allow continued safe flight and landing. 
(3) The alternate system may be: 

(1) A duplicate power portion of the system; or 
(ii) A manually operated meohanioal system. 

(4) The power portion of the system includes: 
(i) The power souroe (suoh as hydraulic pumps); and 
(ii) Items such as valves, lines, and aotuator. 

(5) The failure of meohanioal parts (suoh as piston rods and links) 
must be considered unless their failure Is extremely improbable. 

(6) The jamming of power cylinders must be considered unless their 
jamming is considered extremely improbable. 

o. Procedures. It is assumed in the following disousslon that the power 
boost or power-operated oontrol system being utilized is a typical aircraft 
hydraulic system. 

(1) The rule requires, without respeot to the probability of failure, 
an alternate system for the power portion of the system. The power portion of 
the system, by example in the rule, includes hydraulio pumps, valves, lines, and 
actuators. It has also been interpreted to include seals, servo valves, and 
fittings. 

(2) If a duplicate power portion of the system is used to meet the 
requirements of the rule, the requirements may be met by providing a dual 
independent hydraulic system, including the reservoirs, hydraulio pumps, 
regulators, connecting tubing, hoses, servo valves, servo-valve oylinder, and 
power aotuator housings. There must be no commonality in fluid-carrying 
components. A break in one system should not result in fluid loss in the 
remaining system. 

(3) Dual actuators should be designed to ensure that any single failure 
in the duplicated portion of the system, suoh as a oraoked housing, broken 
interconnecting input, or broken interoonneoting output link, does not result in 
loss of total hydraulio system funotion. 
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(4) A manually operated meohanioal system may be used as the alternate 

system to a single hydraulic system if, after the loss of the single hydraulic 
system, the pilot oan oontrol the rotororaft without undue mental or physioal 
fatigue in any normal maneuver for a period of time as long as that required to 
effeot a safe landing. 

(5) The substantiation of the various system components should include 
consideration for operation in the normal and alternate system modes. 

(6) The "extremely improbable" criteria noted in § 27.695(c) for 
failure of mechanical parts may be satisfied by performing component fatigue 
testing and establishing a service life through this technique. 

(7) Fatigue substantiation of the oontrol actuator is required under 
§ 27.571 and should oonsider both the stresses imposed by flight loads and the 
stresses imposed by hydraulic pump pressure pulses. Flight loads factored in a 
conservative way may be an acceptable means to take into acoount both effects. 

(8) The possibility of jamming of the power cylinder may be shown as 
"extremely remote" through a failure analysis that considers every possible 
system component failure such as, but not limited to, ruptured lines, pump 
failure, regulator failure, ruptured seals, clogged filters, jammed servo valves, 
broken interconnecting servo valve inputs, broken interconnecting output links, 
etc. 

(9) Three acceptable means to meet the requirements of § 27.695(a)(2) 
could be as follows: 

(i) Provide two transmission-driven hydraulio pumps, provided the 
pumps are driven by the transmission during all flight conditions including 
autorotation. 

(ii) Use two electrically-driven hydraulic pumps if electrical power 
is available to drive' the pumps with all engines failed. If this approach is 
used, the battery must be oapable of running both pumps plus all other required 
equipment neoessary for continued safe flight. 

(iii) Use a single transmission-driven pump and an eleotrically 
driven pump. 
290.-297. RESERVED. 
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SECTION 18. LANDING GEAR 

298. § 27.723 (through Amendment 27.19) SHOCK ABSORPTION TESTS, 
a* Explanation. 

(1) Limit and "reserve energy" drop tests are required as prescribed in 
§§ 27.725 and 27.727, respectively. These tests may be conducted on the complete 
rotorcraft or on units consisting of wheel, tire, and shook absorber in their 
proper relation. For rotororaft with skid landing gear, the tests may be 
conducted on the complete rotorcraft or on a simulated fuselage with the complete 
skid landing gear system. 

(2) The rotororaft must be designed to limit load faotors that equal or 
exoeed the limit load factor substantiated by these drop tests. In practical 
application, the rotororaft may be designed to a limit load faotor, such as 2.8g. 
Thus, it is necessary that the limit landing load factor derived from the landing 
gear drop tests be equal to or less than 2.8g. If not, the rotorcraft must be 
redesigned for the higher load factor derived from the drop tests. It must be 
shown in accordance with § 27.723 that the limit load faotors selected for design 
under § 27.473 will not be exceeded in landings with the limit descent velocity 
corresponding to the drop height speoified in that section. In addition, reserve 
energy absorption capacity of the landing gear must be shown for a descent 
velooity of 1.22 times the limit descent velocity selected under § 27.473 by 
increasing the drop height to 1.5 times the "limit" drop height. The test 
requirements or procedures outlined in Part 27 for obtaining the landing load 
factors are empirical; however, these procedures are based on and supported by 
satisfactory experience. 

(3) A3 stated in § 27.725(c), each landing gear unit should be tested 
in the attitude simulating the landing oondition that is most critical from the 
standpoint of the energy to be absorbed by it. For wheel landing gear designs, 
the level landing or tail down landing and level landing with drag are generally 
the most critical attitude. A test of more than one attitude may be required to 
comply with the standard. 

(4) Drop tests are required. If analytical methods and/or means are 
proposed by the applicant, the data presented for approval must be equal to or 
conservative with respect to that data obtained from physical drop tests. 
Section 21.21(b)(1) oonoerns "equivalency" determinations. Presenting an 
acceptable means of "equivalency" here would circumvent the necessary scrutiny of 
an analytical method or means and is also beyond the scope of this document. 

b. Prooedures. The test plan or proposal must be approved prior to 
offioial FAA tests unless satisfactory resolution of outstanding proposal or 
conformity inspection items oan be accomplished after the test. 

(1) The following headings would be a typical table of contents for the 
test proposal, and a generalized explanation of the contents that may be included 
under each of these headings for a wheel landing gear follows. 
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(1) Purpose. The regulations to whioh compliance is being shown by 

the drop tests should be identified (usually §§ 27.723, 27.725, and 27.727). 
Also, the rotorcraft landing gear, including the wheels and tires to be dropped, 
should be positively identified in the report by the manufacturer's or applicant's 
previously PAA-approved drawing, technical standard orders (TSO's), or other 
Identifying FAA-approved data as applicable. 

(ii) Description of test setup. This section should present a 
description of the test fuselage or jig, method of attaching landing gear to jig, 
and type of aooelerometer to be used to measure load faotors. Proof of 
calibration of aooelerometer should be available. The aooelerometer should be 
mounted at the aircraft o.g. if a free drop of the alroraft is used or as close as 
praotical to the oenterline of the main shock absorbing component of each landing 
gear (oleo strut, eto.) if eaoh gear is tested separately. The description of the 
test Jig, including platforms on which the gears are to be dropped, should be 
defined by sketches in addition to the required mathematical calculations. This 
data should show that the landing gear will be at the proper attitude, relative to 
the platform, on impact for the partioular landing condition. Drawings or other 
approved data from whioh the geometry is taken should be referenced in the 
proposal. The tire and oleo pressures at the time of the test should be 
specified. The method of measuring the deflection of the tire plus the vertical 
travel of the axle under impact should be described. This measurement may be 
accomplished by telescoping tubes attached to the point on the jig that would 
measure the total (tire and oleo) vertical deflection of the landing gear. Other 
vertioal and horizontal defleotions should be measured as required to determine if 
the landing gear has experienced permanent deformation after eaoh drop test. The 
effeot of surfaoe roughness should be considered. Smooth surfaces tend to give 
maximum deflections where rough surfaces tend to restrict deflection and to result 
in maximum values of N z. Preliminary company drop tests (at less than limit 
drop height) may be used to determine the oritioal surfaoe roughness, or 
engineering evaluations may be used (without tests) when the gear configurations 
are suoh that the oritioal surface oondition oan be analytically determined (or 
when the load faotor Is shown to be negligibly affected by surfaoe roughness). 
NACA Report 1154, dated 1953, contains Information that surfaoe coefficients of 
friction may vary from 0.4 to 0.7. Skid landing gear standards, § 27.501(o), 
indicate an acceptable coefficient of friction is 0.5. A wheel landing gear 
design standard, § 27.479(b), indicates an acceptable coefficient of friction is 
0.25. In the oase of a small rotororaft, the entire aircraft may be dropped. 
This may be accomplished by establishing pivot points at the main gear axles for 
the tail (or a point forward of the nose gear) drops and a pivot point at the tail 
(or nose gear) axle for the main gear drops. It is the responsibility of the 
applioant to distribute the aircraft inertia items, including added weight to get 
the proper effective drop weight (We) at the landing gear, so that no looal 
failures of the alroraft ocour as a result of the limit or reserve energy drop 
tests. 

(iii) Test data. Computations for the required drop height (h) and 
the effective drop weight (We) should be shown for eaoh design level landing and 
tail down landing oondition in compliance with §§ 27.479 and 27.481. The 
computations should be in accordance with § 27.725(a) for h and § 27.725(b) for 
W e for the limit drop tests. W Q and h are oomputed in aooordanoe with 
S 27.725 for the limit drop test and with § 27.727 for reserve energy drop test. 
The computation of the statio weight on the gear being dropped (W^, W^, or 
W T) and used in the computation of W e should be shown. This statio weight is 
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defined as W M » W T » o r «N for the main gears, tail gear, or nose gear, 
respectively, in § 27.725(d). It should be shown that the critical e.g. and 
proposed certificated maximum landing weight have been used in the computation of 

W M » Wf, or W I J. The computation of the slope of the platforms required for 
the inclined reaction conditions should be presented also. 

(iv) Test results. The results of the test are based on the values 
of W e, h, d, W, and L used and obtained for eaoh drop test and the value of Nj obtained from the accelerometer. These results should be summarized, and the 
method of computing the aircraft limit inertia load factor should be shown for 
eaoh drop in accordance with § 27.725(d). A print or copy of the film or other 
recording trace from the accelerometer, if not a direct readout type of 
accelerometer, should be included in the test results. Eaoh oritioal condition 
should have several preliminary drops, as many times as required, to obtain 
reasonable correlation. 

(2) Skid landing gear may be tested using similar procedures except a 
level landing attitude drop test is all that is required by § 27.501. The design 
load conditions specified in § 27.501(c) through (f) are derived from this level 
drop test condition. 

(i) Section 27.501(a)(2) and (3), contain speoial considerations for 
skid landing gear. 

(ii) Section 27.501(a)(2) speolfies that structural yielding of 
elastic spring members under limit load is acceptable. This yielding or 
deformation is a means of absorbing the landing Impact. For skid landing gear 
that uses oleo or other types of shock absorbers, the standard does not allow 
structural yielding under limit load. During the limit load and reserve energy 
(ultimate for skid landing gear with elastic spring numbers) drops, the yielding 
energy absorbing members will probably deform or yield. After a limit drop test, 
the gear may be used for a reserve energy drop at the discretion of the applicant, 
but a gear that has been subjeoted to a reserve energy drop should not be used 
unless it can be shown that no yielding has ooourred in that gear. 

(3) Wheel landing gear is tested in attitudes prescribed in 
paragraph 298a(3). Each unit, nose or main gear, is generally tested separately. 

(4) Skid landing gear is tested in attitudes prescribed in 
paragraph 298a(3). Due to the construction of skid landing gear, the complete 
skid landing gear is tested as a unit. Thus, the level landing with drag 
oondition is probably the critical attitude for the forward cross-tube and its 
attachments. The level landing oondition is probably the oritioal attitude for 
the aft cross-tube and its attachments. 

(5) An FAA or FAA designated or delegated person need only witness the 
drop tests for "record" or "compliance,n Preliminary or developmental drops do 
not require an FAA witness. 
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&* Explanation. Limit drop tests In the oritioal airoraft attitude or 
oritloal attitude of eaoh gear are required for the landing gear. The drop height 
must be at least 8 inches, which equates to a 393-foot-per-minute (free fall) 
vertical desoent speed. Rotor lift may be simulated, and an effective mass may be 
used in the drop test as prescribed. 

b. Procedures. See paragraph 298, $ 27*723, of this advisory oiroular. 

300. S 27.727 (through Amendment 27-19) RESERVE ENERGY ABSORPTION DROP TEST, 
a. Explanation. 

(1) In addition to the limit drop tests, a reserve energy drop test is 
required. The landing gear must not collapse in this test to the extent that the 
fuselage impacts the ground. Fracture (to separation) of landing gear parts is 
considered collapse of the landing gear. This test is not an ultimate load drop 
test for the landing gear, except as speoified in $ 27.501(a)(3) for certain skid 
landing gear designs using elastio spring members. 

(2) All other types of landing gear must be substantiated for design 
ultimate loads in addition to this reserve energy drop test. 

(3) Shook absorbing devices, suoh as oleos, must not "bottom" during the 
reserve energy drop test. "Bottoming" occurs when displacement of the device no 
longer occurs with Increasing load. 

(4) Requirements for proof of the landing gear and airframe struoture 
are found in $§ 27.305, 27 .307, and 27 .473. 

b* Procedures. See paragraph 298, $ 27 .723, of this advisory oiroular. 
301. § 27.729 RETRACTING MECHANISM. (RESERVED)' 
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Explanation. This standard requires use of approved wheels, either 
approved under TS0-C26 or approved under the type certifioate for the aircraft. 
Wheels must satisfy both a design static (lg) load and design limit landing or 
taxiing load determined under the applicable ground load requirements. Standards 
for a tire installed on a wheel are oontained in § 27.733. 

b. Prooedures. 
(1) The structural design loads data shall contain both a static load 

and a landing and taxiing load for eaoh wheel. These loads are determined by 
virtue of compliance with the standards of § 27.73Kb) and (o). The ratings of 
the wheel shall not be exceeded. TSO-C26o contains minimum performance standards 
for TSO approval of airoraft wheels and wheel-brake assemblies. Ratings are 
assigned in acoordanoe with this performance standard. 

(2) If a wheel seleoted for an airoraft design has TSO-C26 approval, 
the wheel manufacturer will supply the rating to the aircraft manufacturer. Eaoh 
wheel shall be marked as prescribed whioh Includes a listing of the TSO number. 
Even though a wheel is TSO approved, the application on the aircraft (loads 
Imposed on the wheel) requires proof that the rating is not exceeded. 

(3) If a wheel seleoted for an airoraft design is not approved under 
TSO-C26, the neoessary data, both detail design and assembly drawings and 
qualification tests and test report data, will be required to comply with the 
standards oontained in Part 27. Design oontrol and inspections will be 
accomplished as a part of the airoraft type design. Struotural substantiation 
and any appropriate qualification tests shall be accomplished. See S§ 27.471 
through 27.497 for the ground load oonditlons. 

(4) The Tire and Rim Association, Inc., generally issues a yearbook 
listing tire and rim sizes and ratings. The dimensions and oontours for airoraft 
wheel rims are contained in Seotion 9 of this yearbook. 

303. % 27.733 (through Amendment 27-19) TIRES, 
a. Explanation. 

(1) This standard specifies both design and performance criteria for 
tires* The tire must fit the wheel rim. The maximum static ground reaotion for 
the oondition specified must not exoeed the maximum static load rating of eaoh 
tire. In addition, any tire of retraotable gear systems must have adequate 
clearance from surrounding struoture and systems as speoified. 

(2) Main, nose, and tail wheel tires must ooraply. 
(3) Tire performance standards are oontained in TS0-C62* 
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b. Procedures. 
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(1) The aircraft structural design loads should contain a maximum 
static load Imposed on the tires. The load is derived for a static ground 
reaction assuming the design (maximum) weight and the oritioal center of gravity 
for eaoh tire of the landing gear. The wheel loads are determined under 
§ 27.73Kb). Reduced weight but forward e.g. conditions may result in the 
highest statio load on a nose wheel tire. Thus, combinations of weight and e.g. 
locations require investigation for the maximum tire load of each main, nose, and 
tail wheel tire. 

(2) The maximum possible size of the tires considering appropriate 
temperatures, aging, and pressure should be obtained to oheok wheel well and 
cover clearances. Tire dimensions (for olearanoes) may be found in the yearbook 
noted in paragraph 303b(4). If the tire olearanoe is questionable, objeots may 
be taped to the tire to simulate tire growth or oversize dimensions expected and 
the wheel retracted and rotated by hand to oheok for possible interferences. 
Minimum clearance, suoh as one-half inoh, may be adequate as a design objeotive. 
The design drawings should be reviewed for information of oorrect systems 
installations and landing gear rigging within the wheel wells and wheel covers, 
if installed. If necessary to oontrol tire sizes, specific manufacturer's tires 
should be used as "required equipment" and the tire manufacturer and the part 
number should be specified in the design data and on the type oertificate data 
sheet as "required equipment." 

(3) Even though not speoified in Part 27, an operation test of any 
retractable landing gear should be performed. During this operation test, the 
tire olearanoes should be determined and recorded. Only the least or minimal 
olearanoe found, if adequate, should be reoorded. 

( M ) The Tire and Rim Association, Ino., generally issues a yearbook 
listing tire and wheel rim sizes and ratings. This information is advisory as 
stated in the yearbook. Seotion 9 conoerns aircraft tires and rims. Table AP-5 
in Seotion 9 of the yearbook oonoerns tires used on helicopters. The tire may be 
seleoted Initially from the yearbook, but qualification data for the specifio 
tires used shall be furnished with the type design data in compliance with the 
standards. Section 9 also oontains tire size and tire growth dimensions. 

(5) Aircraft Tires. Minimum performance standards for airoraft tires, 
excluding tail wheel tires are found in TS0-C62, Airoraft Tires. Tires meeting 
TSO-C62 are marked as preaoribed in the standards. The load rating (ref. 
§ 27*733) is marked on the tire. TSO tires are not required but should be used 
whenever possible. The manufacturer's information, suoh as load rating, should 
be inoluded in the aircraft type design structural substantiation data. 
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(6) TS0-C26 contains minimum performance standards for airoraft landing 
wheels and wheel-brake assemblies. For rotororaft, a wheel-brake assembly design 
rating la established by the manufacturer. The TSO standard for rotororaft 
brakes specifies a 20° slope standard (rather than a 10° slope) for an 
over-pressure hydraulio brake test. 

(7) The brake application device at the pilot station is subject to 
other structure strength standards in this Part, suoh as the limit pilot foroes 
or torque specified in § 27.397. 

b. Procedures. 
(1) Wheel-brake assemblies approved under TS0-C26 will have various 

(rotororaft) ratings as specified in the standard. One rating of TSO standard 
for a rotorcraft wheel-brake assembly is the kinetio energy capacity in 
foot-pounds at the design landing rate of absorption. The design takeoff and 
landing weight and rotororaft speed in knots for brake application are a part of 
the equation. The brake manufacturer should furnish this rating and the two 
noted parameters for the selected design or designs. The ratings of seleoted 
brakes should be inoluded in a structural design data report such as a design 

562 
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304. § 27.735 (through Amendment 27-19) BRAKES, 
a. Explanation. 

(1) Brakes are required for wheel landing gear airoraft. Minimum 
performance standards are contained in this section. During the course of the 
FAA flight test program and of any F&R program oonduoted under § 21.35, the 
brakes shall be used and evaluated. 

(2) Design criteria are contained in this standard. 
(i) The braking device must be oontrollable by the pilot. It is 

optional for the second pilot station except as may be specified under the 
provisions of § 27.771. 

(ii) The braking device must be usable during power-off landings. 
(3) Performance criteria are also contained in this standard. 

(i) The brakes must be adequate to counteract any normal unbalanced 
torque when starting or stopping the rotor or rotors. 

(il) The brakes must be adequate to hold the rotorcraft parked on a 
10° slope on dry, smooth pavement. 

.(4) In §§ 27.493(b)(2) and 27.497(g)(2)(H), limiting brake torque is 
one ground load standard for design of the landing gear. 

(5) Although not specifically noted in a standard, the position of the 
brake on the wheel is important. The brake should be positioned to avoid ground 
contact whenever the tire is deflated. 
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criteria report. The use or application of each brake design on the particular 
rotorcraft design should not exceed capacity of the brake or the ratings 
established under TS0-C26, If appropriate, the part number and manufacturer of 
eaoh brake may be listed in the structural data reports as well as listed in the 
type design drawings. 

(2) The limiting brake torque obtained from the brake manufacturer 
should be used in oomplying with § 27.493(b)(2), 

(3) Compliance with the brake standards should be confirmed, 
demonstrated, and reoorded as a part of the flight test type inspection report. 
This applies to TS0-C26 brakes and to brakes approved as a part of the aircraft 
type design. 

(4) If found necessary under the provisions of § 27.771i the second 
pilot station should have brake control devices. The brake control devices 
should be listed with the other required equipment that defines the equipment 
necessary for a second pilot station. 

(5) A brake assembly may be evaluated and approved under Fart 27 as a 
part of the aircraft type design. TSO-approved brakes are not specifically 
required but are recommended. For non-TSO-approved brakes, all detail and 
assembly drawings, required test proposals, and test results reports may be 
submitted and processed as a unique part of the particular aircraft type design. 

(6) During an inspection of the landing gear, suoh as an engineering 
compliance inspection, the brake location should be oheoked to ensure the brake 
does not contact the ground when the tire is deflated. Type design drawings 
should control the proper location of the brake on the landing gear. 

305. § 27.737 (through Amendment 27-19) SKIS. 
a. Explanation. This standard is derived from airplane standards. 

Aircraft skis approved under TS0-C28 may be used on rotorcraft. TS0-C28 for 
aircraft skis refers to Sections 4 and 5 of National Alroraft Standards 
Specification 808, dated December 15, 1951, for strength and performance 
standards. These standards are conservative for rotororaft ski installations. 

(1) A maximum limit load rating is assigned to each ski approved under 
TS0-C28. 

(2) This limit load rating must not be exceeded by the maximum limit 
ground load determined under the standards of § 27.505, Ski landing conditions. 

(3) Ski mounting or installation parts used in the particular 
application are subject to substantiation as any landing gear member is subject 
to substantiation. 

Chap 2 
Par 304 563 
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(4) Ski installations are also subject to flight and ground operation 

evaluations. 
b. Procedures. 

(1) The limit load rating for the ski seleoted shall be obtained from 
the ski manufacturer. This information shall be inoluded in the design criteria 
and/or structural substantiation reports. The type design drawings will include 
the appropriate part number for the TSO-approved product and the neoessary 
installation information. 

(2) The design limit loads derived in oomplianoe with § 27.505 shall 
not exceed the ski limit load rating. 

(3) Skis that are not TSO approved may be approved as a part of the 
airoraft type design by complying with the strength and performance standards 
contained in TS0-C28 (NAS 808). 

(4) Pads or "bear paws" installed on skid or wheel landing gear to 
facilitate operations in snow conditions may be approved as a part of or as an 
alteration to the aircraft type design. Rational design loads applicable to the 
particular pad design must be developed and strength substantiating data 
submitted proving complianoe with the strength and performance standards 
oontained in Part 27. In addition, skid landing gear may be subjeot to exoessive 
vibratory loads while in flight whenever the weight and mass distribution is 
altered by adding "bear paws." The effect of additional weight should be 
investigated. Resonant vibratory oonditlons should be avoided or highly damped. 
306.-315. RESERVED. 

564 (thru 584) 
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Chap 2 
Far 316 

SECTION 19. FLOATS AND HULLS 
316. § 27.751 MAIN FLOAT BOUYANCY. (RESERVED) 
317. § 27.753 MAIN FLOAT DESIGN. (RESERVED) 
318. S 27.755 HULLS. (RESERVED) 
319.-329. RESERVED. 
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330. S 27.771 PILOT COMPARTMENT. (RESERVED) 
331. S 27.773 PILOT COMPARTMENT VIEW. (RESERVED) 
332. S 27.775 WINDSHIELDS AND WINDOWS. (RESERVED) 
333. % 27.777 COCKPIT CONTROLS. (RESERVED) 
334. $ 27.779 MOTION AND EFFECTS OF COCKPIT CONTROLS. (RESERVED) 
335. t 27.783 DOORS. (RESERVED) 
336. I 27.785 SEATS AND BERTHS. (RESERVED) 
337. $ 27.787 CARGO AND BAGGAGE COMPARTMENTS. (RESERVED) 

586 (thru 636) 
Chap 2 
Par 330 

SECTION 20. PERSONNEL AND CARGO ACCOMMODATIONS 
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a. Explanation. 
(1) Dltohing certification is accomplished only if requested by the 

applicant. 
(2) Ditching may be defined as an emergency landing on the water, 

deliberately exeouted, with the intent of abandoning the rotorcraft as soon as 
practical. The rotororaft is assumed to be intact prior to water entry with all 
oontrols and essential systems, except engines, functioning properly. 

(3) The regulation requires demonstration of the flotation and trim 
requirements under "reasonably probable water conditions." The FAA has 
determined that a sea state 4 is representative of reasonably probable water 
conditions to be encountered. Therefore, demonstration of compliance with the 
ditching requirements for at least sea state 4 water conditions is considered to 
satisfy the reasonably probable requirement. 

(4) A sea state 4 is defined as a moderate sea with significant wave 
heights of 4 to 8 feet with a height-to-length ratio of: 

(i) 1:12.5 for multiengine rotorcraft with Category A engine 
isolation (ref. paragraph 780). 

(ii) 1:10 for all other rotorcraft. 
NOTE: The source of the sea state definition is the World Meteorological 
Organization (WMO) Table. (See Table 338-1.) 

(5) Ditohing certification encompasses four primary areas of concern: 
rotororaft water entry, rotorcraft flotation and trim, occupant egress, and 
oooupant survival. 

(6) The rule requires that after ditching in reasonably probable water 
conditions, the flotation time and trim of the rotorcraft will allow the 
occupants to leave the rotororaft and enter liferafts. This means that the 
rotororaft should remain sufficiently upright and in adequate trim to permit safe 
and orderly evaouation of all personnel. 

(7) For a rotorcraft to be oertified for ditching, emergency exits must 
be provided which will meet the requirements of § 27.807(d). 

(8) The safety and ditching equipment requirements are addressed In 
§§ 27.1411, 27.1415, and 27.1561 and specified in the operating rules (Parts 91, 
121, 127, and 135). As used in § 27.1415, the term ditching equipment would more 
properly be described as oooupant water survival equipment. Ditohing equipment 
is required for extended overwater operations (more than 50 nautical miles from 
the nearest shoreline and more than 50 nautical miles from an offshore heliport 
struoture). However, ditohing certification should be aooomplished with the 
maximum required quantity of ditohing equipment regardless of possible 
operational use. 

Chap 2 
Par 338 637 

338. § 27.801 (through Amendment 27-20) DITCHING 
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(9) Current praotiees allow wide latitude in the design of oabin 

interiors and, consequently, the stowage provisions for safety and ditohing 
equipment. Rotorcraft manufacturers may deliver airoraft with unfinished (green) 
interiors that are to be completed by the purchaser or modifier. These various 
"configurations" present problems for certifying the rotorcraft for ditching. 

(i) The FAA has accommodated this problem in the past by permitting 
"segmented" oertification. That is, the rotororaft manufacturer shows compliance 
with the flotation time, trim, and emergenoy exit requirements while the purohaser 
or modlfer shows compliance with the equipment provisions and egress requirements 
with the completed interior. This procedure requires close cooperation and 
coordination between the manufacturer, purohaser or modifier, and the FAA. 

(ii) The rotororaft manufacturer may elect to establish a "token" 
interior for ditohing oertifloation. This interior may subsequently be modified 
by a supplemental type certificate or a field approval. Compliance with the 
ditohing requirements should be reviewed after any interior configuration changes 
and limitations changed where applicable. 

(iii) The Rotororaft Flight Manual and supplements deserve speoial 
attention if a "segmented" certification procedure is pursued. 

b* Procedures. The following guidance criteria has been derived from past 
FAA oertification polioy and experience. Demonstration of compliance to other 
criteria may produoe aoceptable results if adequately justified by rational 
analysis. Model tests of the appropriate ditohing configuration may be conducted 
to demonstrate satisfactory water entry and flotation and trim characteristics 
where satisfactory correlation between model testing and flight testing has been 
established. Model tests and other data from rotororaft of similar configurations 
may be used to satisfy the ditohing requirements where appropriate. 

(1) Water entry. 
(i) Tests should be conducted to establish procedures and techniques 

to be used for water entry. These tests should include determination of optimum 
pitoh attitude and forward velocity for ditching in a calm sea as well as entry 
procedures for the highest sea state to be demonstrated (e.g., the recommended 
part of the wave on which to land). Procedures for all-engines-operating, one-
engine-inoperative, and all-engines-inoperative conditions should be established. 
However, only the procedures for the most oritical condition (usually all engines 
inoperative) need to be verified by water entry tests. 

(ii) The ditohing struotural design consideration should be based on 
water impact with a rotor lift of not more than two-thirds of the maximum design 
weight acting through the oenter of gravity under the following conditions: 

(A) For entry into a calm sea--
(1) The optimum pitch attitude as determined in 338(b)(1)(1) 

with consideration for pitch attitude variations that would reasonably be expected 
to occur in service; 

638 
Chap 2 
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H4. RESERVED. 

27.831 VENTILATION. (RESERVED) 

56. RESERVED. 

649 



SECTION 21. FIRE PROTECTION 

650 (thru 686) 
Ch 
Pa 

357. RESERVED. 
358. § 27.853 COMPARTMENT INTERIORS. (RESERVED) 
359. § 27.855 CARGO AND BAGGAGE COMPARTMENTS. (RESERVED) 
360. S 27.859 HEATING SYSTEMS. (RESERVED) 
361. § 27.861 (through Amendment 27-20) FIRE PROTECTION OF STRUCTURE. 

AND OTHER PARTS. 
a. Explanation. 

(1) As stated in the rule, parts essential to a controlled li 
would be affected by a powerplant fire are to be protected so they can 
their essential functions for at least 5 minutes under any foreseeable 
fire oondition. 

(2) To achieve the objective of the rule, essential parts of 
rotororaft as defined by the rule are to be isolated from a powerplant 
firewall (§ 27.1191) or must be proteoted so they can perform their es: 
functions for at least 5 minutes under any foreseeable powerplant fire 

(3) Insufficient protection to provide enough time for a oont 
landing would represent an unsafe feature or characteristic for the rot 
design. 

(4) Section 2?.1193(d) requires each cowling and engine oompa 
covering to be at least fire resistant. Also, § 27.1193(e) requires th 
part of the cowling or engine compartment covering, subject to high ten 
due to its nearness (proximity) to exhaust system parts or exhaust gas 
impingement, must be fireproof. 

(5) In addition, § 27.1194 requires that all surfaoes aft of 
powerplant compartments, other than tail surfaoes not subject to heat, 
sparks emanating from a powerplant compartment, be at least fire resist 

b. Procedures. 
(1) If eaoh part described in the rule is isolated completely 

firewalls, compliance is obtainable. 
(2) If each part desoribed by the rule is made of fireproof m 

suoh as steel, oomplianoe is obtained. 
(3) If any part desoribed by the rule does not oomply with 36 

(2), it shall be proven that it will perform its function under the pre 
oonditions. Compliance may be demonstrated by the following criteria: 
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(2) Forward speeds from zero up to the speed defining the knee 
•velocity (HV) diagram; 

(3) Vertical descent velocity of 5 feet per seoond; and 
(4) Yaw attitudes up to 15°. 

(B) For entry into the maximum demonstrated sea state— 
(1) The optimum pitch attitude and entry procedure as 

i 338(b)(l)(i); 

(2) The forward speed defined by the knee of the HV diagram 
i wind speed associated with each applicable sea state; 

(3) Vertioal desoent velooity of 5 feet per seoond; and 
(4) Yaw attitudes up to 15°. 

(C) The float system attachment hardware should be shown to be 
adequate to withstand water loads during water entry when both 
3 t o w e d and fully inflated (unless in-flight inflation is 
Water entry conditions should oorrespond to those established in 

8(b)(1)(ii)(A) and (B). The appropriate vertioal loads and drag 
ned from water entry conditions (or as limited by flight manual 
hould be addressed. The effeots of the vertioal loads and the drag 
considered separately for the analysis. 

(D) Probable damage due to water impaot to the airframe/hull 
Bidered during the water entry evaluations; i.e., failure of windows, 
panels, e t c 
Flotation Systems. 

1) Normally inflated. Fixed flotation systems intended for 
ohing use only and not for amphibian or limited amphibian duty should 
for: 

(A) Structural integrity when subjected to: 
(1) Air loads throughout the approved flight envelope with 

led; ~~ 
(2_) Water loads during water entry; and 
(3.) Water loads after water entry at speeds likely to be 

fter water impaot. 
(B) Rotororaft handling qualities throughout the approved 

pe with floats installed. 
i) Normally deflated. Emergency flotation systems whioh are 
red in a deflated oondition and inflated either in flight or after 
during an emergenoy ditching should be evaluated for: 

639 
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(A) Inflation. 
(1) The inflation system design should minimize th< 

of the floats not inflating properly or inflating asymmetrically. Th: 
accomplished by use of a single inflation agent oontainer or multiple 
system interconnected together. Redundant inflation activation systei 
normally be required. If the primary aotuation system is electrical, 
backup aotuation system will usually provide the neoessary reliabilit; 
secondary electrical actuation system may also be acceptable if adequi 
eleotrical system independence and reliability can be documented. 

(2) The inflation system should be safeguarded aga: 
spontaneous or inadvertent aotuation for all flight conditions. It si 
demonstrated that float inflation at any flight condition within the i 
operating envelope will not result in a hazardous condition unless th< 
safeguarding system is shown to be extremely reliable. One safeguard: 
that has been successfully used on previous certification programs is 
separate float system arming circuit which must be aotivated before ii 
be initiated. 

(3.) The maximum airspeeds for intentional in-flighl 
of the float system and for flight with the floats inflated should be 
as limitations in the RFM unless in-flight aotuation is prohibited by 

(4) The inflation time from actuation to neutral bi 
should be short enough to prevent the rotorcraft from becoming more tl 
submerged assuming aotuation upon water oontact. 

(J5) A means should be provided for checking the pr< 
gas storage cylinders prior to takeoff. A table of acceptable gas cy] 
pressure variation with ambient temperature and altitude (if applicab] 
provided• 

(6) A means should be provided to minimize the posi 
overinflation of the float bags under any reasonably probable actuati< 

(X) The ability of the floats to inflate without pi 
subjected to aotual water pressures should be substantiated. A full-i 
rotorcraft immersion demonstration in a calm body of water is one aoo« 
method of substantiation. Other methods of substantiation may be aoo< 
depending upon the particular design of the flotation system. 

(B) Structural Integrity. The flotation bags shoul 
evaluated for loads resulting from: 

(1) Airloads during inflation and fully Inflated f< 
critical flight conditions and water loads with fully inflated floats 
impact for the water entry conditions established under paragraph 338< 
for rotororaft desiring float deployment before water entry; or 

640 
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(2) Water loads during inflation after water entry. 

641 

(C) Handling Qualities. Rotororaft handling qualities should 
to comply with the applicable regulations throughout the approved 
nvelopes for: 

(1) The deflated and stowed oondition; 
(2) The fully Inflated oondition; and 
(£) The in-flight inflation condition. For float systems which 

ated in flight, rotororaft controllability should be verified by test 
assuming the most oritical float compartment fails to inflate. 
) Flotation and Trim. The flotation and trim characteristics should 
ated for a range of a sea states from zero to the maximum seleoted by 
nt and should be satisfactory in waves having height/length ratios of 
multiengine rotorcraft with Category A engine isolation and 1:10 for 
otororaft. 
(i) Flotation and trim characteristics should be demonstrated to be 

y to at least sea state 4 conditions. 
(ii) Flotation tests should be investigated at the most oritical 
loading oondition. 
iii) Flotation time and trim requirements should be evaluated with a 
ruptured deflation of the most oritical float compartment. Flotation 
tios should be satisfactory in this degraded mode to at least sea 
ditions. 
(Iv) A sea anchor or similar devioe should not be used when 
ng compliance with the flotation and trim requirements but may be used 
n the deployment of liferafts. If the basio flotation system has 
d compliance with the minimum flotation and trim requirements, credit 
nchor or similiar device to aohieve stability in more severe water 
(sea state, etc.) may be allowed if the device oan be automatically, 
r easily deployed by the minimum flightcrew. 
(v) Probable rotorcraft door/window open or closed configurations 

e damage to the airframe/hull (i.e., failure of doors, windows, skin, 
d be considered when demonstrating compliance with the flotation and 
ements. 
) Float System Reliability. Reliability should be considered in the 
:n to ensure approximately equal inflation of the floats to preclude 
aw, roll, or pitoh in flight or in the water. 
(1} Maintenance procedures should not degrade the flotation system 

educing oontamlnants which oould affeot normal operation, etc). 



AC 27-1 8/ 
(11) The flotation system design should preolude inadverte 

due to normal personnel traffic flow and excessive wear and tear. Prot 
covers should be evaluated for function and reliability. 

(5) Oooupant Egress and Survival. The ability of the oocupan 
deploy liferafts, egress the rotororaft, and board the liferafts should 
evaluated* For configurations which are considered to have critical oc 
egress capabilities due to liferaft looatlons and/or ditching emergency 
looations and floats proximity, an actual demonstration of egress may b 
required. When a demonstration is required, it may be oonducted on a f 
rotorcraft aotually immersed in a calm body of water or using any other 
test faoility shown to be representative. The demonstration should sho 
floats do not impede a satisfaotory evacuation. 

(6) Rotororaft Flight Manual. The Rotorcraft Flight Manual 1 
important element in the approval oyole of the helioopter for ditching, 
material related to ditching may be presented in the form of a suppleme 
revision to the basio manual. This material should Include: 

(1) The information pertinent to the limitations applioab 
ditohing approval. If the ditohing approval is obtained in a segmented 
(I.e., one applloant performing the aircraft equipment installation and 
portion and another designing and substantiating the liferaft/lifevest 
ditohing safety equipment installations and deployment facilities), the 
limitations should state "Not Approved for Ditching" until all segments 
completed. The requirements for a complete ditohing approval not yet o 
should be identified in the "Limitations" seotion. 

(ii) Procedures and limitations for flotation devioe infla 
(iii) Reoommended rotorcraft water entry attitude, speed, a 

position. 
(iv) Procedures for use of emergency ditching equipment. 
(v) Procedures for ditching egress and raft entry. 

642 
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TABLE 338-1 
SEA STATE CODE 

(WORLD METEOROLOGICAL ORGANIZATION) 
Significant Wave Height Wind Speed 

Description of Sea Meters Feet Knots 
Calm (Glassy) 0 0 0-3 
Calm (Rippled) 0 to 0.1 0 to 1/3 4-6 
Smooth (Wavelets) 0.1 to 0.5 1/3 to 1 2/3 7-10 
Slight 0.5 to 1.25 1 2/3 to 4 11-16 
Moderate 1.25 to 2.5 4 to 8 17-21 
Rough 2.5 to 4 8 to 13 22-27 
Very Rough 4 to 6 13 to 20 28-47 
High 6 to 9 20 to 30 48-55 
Very High 9 to 14 30 to 45 56-63 
Phenomenal Over 14 Over 45 64-118 

The Significant Wave Height is defined as the average value 
of the height (vertioal distance between trough and crest) of 
the largest one-third of the waves present. 
Maximum Wave Height is usually taken to be 1.6 x Significant 
Wave Height; e.g., Significant Wave Height of 6 Meters gives 
Maximum Wave Height of 9.6 meters. 
Wind speeds were obtained from Appendix R of the "American 
Practical Navigator" by Nathaniel Bowditoh, LL.D.; Published 
by the U.S. Naval Ooeanographio Office, 1966. 

i. 
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Passenger Seating Capacity Main Door (MD) Side Side Opposite Mai 

1 through 15 MD (1) 19- by 26-in 
More than 15 MD + additional (1? 19- by 26-in 

exlt(s) additional exi 
(2) For overwater operations (if ditohing certification is r 

one 19- by 26-inch elliptical exit on eaoh side of the fuselage above 
waterline. 
In addition to number and size of exits, the rule speolfies the follow 

(1) The 19- by 26-inch ellipse portion of the exit Is to 
unobstructed. 

(ii) The 
(iii) The 
(iv) The 
(v) The 

deformation. 
b. Prooedures. 

(1) The number and size of exits will be as speolfied. 
(2) Access to the exits will be provided by aisles, break-ovt 

seatbaoks, or other features as appropriate. If aooess is questionable 
demonstration will be oonduoted. 

(3) The looatlon and operation of the exits should be evalut 
total darkness. 

(4) Protection from jamming is normally provided by olearanet 
the fuselage exit frame and the exit or by exit designs whioh are basic 
insensitive to fuselage deformation. NASTRAN or similar analysis methc 
been used in the past to obtain the effeots of fuselage deformations di 
crash landings on exit clearances. 

644 (thru 648) 
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340. § 27.807 (through Amendment 27-20? EMERGENCY EXITS. 
a. Explanation. The specified emergenoy exits are as follows: 

(1) For overland operations. 
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(i) The parte shall have a positive margin of safety for the 
appropriate flight and landing condition, including appropriate engine power 
conditions, under any foreseeable powerplant fire oondition. The time interval 
under consideration here is the time necessary to complete an emergency descent 
(as desoribed in the flight manual) and landing from the maximum operating 
altitude for whioh certification is requested. In no case is the total time 
interval to be less than 5 minutes. 

(11) The faotors affeoting the time interval should inolude the 
maximum height above the terrain, the maximum operating altitude, the flight 
manual recommendations for rate of descent, and a reasonable time for recognizing 
a powerplant fire. 

(iii) The factors affecting the ohange in physical characteristics 
(strength primarily, but stiffness may also be a faotor) of the parts are the 
temperature of the part, time interval at the elevated temperature, size, and 
heat absorption or rejection. 

(iv) The faotors affeoting the temperature of the part are looation 
and distance from fire and flames and temperature of the flames (2,000 °F + 50 °F 
should be used unless proven to be inapplicable). 

(v) The rule requires substantiations for any foreseeable 
powerplant fire condition. Eaoh rotororaft design is unique and an evaluation of 
eaoh design is necessary to establish the fire and flight conditions under 
consideration. 

(vi) A very brief and simple example of compliance noted here may be 
helpful. This example pertains to a aingle-engine rotororaft with the engine 
mounted on top at the fuselage centerline. The engine is supported by all steel 
tubular mounts. The fuselage panel serves as a work deck as well as a firewall. 
A 15-minute duration is appropriate for this design. A representative panel of 
the firewall (deck) skin may be subjeoted to the autorotational flight loads and 
the landing load. A flame from an appropriate-sized burner, measuring 
2,000 °F + 50 °F at the skin surface, should impinge on the loaded panel for 
15 minutes. The panel may deform but must remain intact and sustain the 
appropriate load. The flame should not penetrate the panel skin. 

(vii) Other rotorcraft designs may have engines located on top of the 
fuselage under the main rotor. If cowls or firewalls do not isolate the rotors 
and essential controls, it must be determined by a rational analysis or by 
temperature measurement that the rotor and essential controls will perform their 
functions. Air flow through the rotor and faotors noted in paragraphs 
36lb(3)(ii), (3)(Hi), and (3)(iv) are important to an analysis. 
362. § 27.863 FLAMMABLE FLUID FIRE PROTECTION (RESERVED). 
363.-372, RESERVED. 

Chap 2 
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373. § 27.865 (through Amendment 27-20) EXTERNAL LOAD ATTACHING MEANS. 
a. Explanation. 

(1) If oertifioation for external load operations is requested, the rule 
requires that the external load attaching means be substantiated by test or 
analysis for a limit static load equal to or greater than 2.5 times the maximum 
external load for whioh certification is requested. The faotor of 2.5 times the 
maximum external load was established as a minimum strength requirement by 
Part 133 operations to aooount for loading effects of sling-load angles up to 30° 
from the vertioal. Allowance for reduoing the 30° angle is provided if 
substantiated. 

(2) The rule requires that a quick-release device be installed on one of 
the pilot's primary oontrols so the pilot can quickly release the external load 
during an emergenoy situation. In addition, a baokup manual meohanioal control 
for the quick-release device is required to be readily accessible to either the 
pilot or another orewmember. 

(3) The rule requires appropriate plaoards or markings stating the 
maximum authorized external load. 

b. Procedures. 
(1) The maximum external load for whioh authorization is requested 

should not exceed the rated oapaoity of the quiok-release device. The 
quick-release device should be strength tested (with FAA witness) if it is not 
produced to a reoognized industry or military standard. 

(2) Substantiation of external loading requirements must Include any 
direction making an angle of 30° (with the exception of directions having a 
forward oomponent). (Ref. § 27.865(a).) 

(i) The sling-load angle (i.e., the angle between the vertical 
direction and the sling-load cable supporting the external load) should not exceed 
an angle of 30° to minimize the cable tension load. 

(ii) The 30° angle may be reduoed if an operating limitation is 
established limiting external load operations to suoh angles for whioh compliance 
has been shown or if the reduced angle cannot be exoeeded in service. The lesser 
angle should be substantiated by flight testing. 

(3) The external load releasing system is specified to inolude a quick 
release device installed on one of the pilot's primary oontrols. It is usually 
installed on the oyolio stick to allow the pilot to release the load with minimum 
distraction after maneuvering the load Into the release position. 

(4) A manual mechanical oontrol for the quiok-release device is 
specified to be installed and be readily aooessible to the pilot or to another 
orewmember. A sufficient amount of slack should be provided in the control cable 
to permit oomplete cargo movement without tripping the oargo release. 
374.-383. RESERVED. 
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(vii) Helicopter Icing Spray System (HISS) Nozzle Improvement 
Evaluation, Final Report, September 1981, USAAEFA Project No. 79-002-2. 

(viii) Artificial and Natural Icing Tests of the YCH-4TD, Final Report, 
May 1981, USAAEFA Project No. 79-07. 

(ix) Limited Artificial Icing Tests of the OV-ID, Letter Report, 
July 1981, USAAEFA Project No. 80-16, (Limited Distribution). 

(x) JUH-IH Ice Phobic Coating Tests, Final Report, July 1980, USAAEFA 
Project No. 79-02. 

(xi) Artificial and Natural Icing Tests, Production UH-60A Helicopter, 
Final Report, June 1980, USAAEFA Project No. 79-19. 

(xli) Helicopter Icing Spray System (HISS) Evaluation and Improvements, 
Letter Report, June 1981, USAAEFA Project No. 80-04. 

(xiii) Artificial Icing Test of CH-47C Helicopter with Fiberglass Rotor 
Blades, Final Report, July 1979, USAAEFA Project No, 78-18. 

(xiv) Limited Artificial and Natural Icing Tests, Production UH-60A 
Helicopter (Reevaluation), Final Report, August 1981, USAAEFA Project No. 80-14. 

(6) Further Icing Experiments on an Unheated Nonrotating Cylinder, 
National Research Council, Canada Report LTR-LT-105, dated November 1979, by 
J. R. Stallabrass and P. F. Hearty. 

(7) Ludlam, F. H., Heat Economy of a Rimed Cylinder, Quarterly Journal, 
Royal Meteorological Society, Vol. 77, 1951. 

(8) U.S. Army AMRDL Reports: 

(I) USAAMRDL TR 73-38, Ice Protection Investigation For Advanced 
Rotary Wing Aircraft, J . B. Werner, August 1973, AD 7711182. 

(ii) Werner, J . B., The Development of an Advanced Anti-Iclng/Deicing 
Capability for U.S. Army Helicopters, Volume 1, Design Criteria and Technology 
Considerations, USAAMRDL - TR-75-34A, Eustls Directorate, U.S. Army Air Mobility R&D 
Laboratory, November 1975, AD A019044. 

(iii) Werner, J. B., The Development of an Advanced Anti-Icing/Delcing 
Capability for U.S. Army Helicopters, Volume 2, Ice Protection System Application to 
the UH-1H Helicopter, USAAMRDL - TR-75-34B, Eustls Directorate, U.S. Army Air 
Mobility Research and Development Laboratory, November 1975, AD A019049. 

(iv) USAAMRDL-TR-76-32, Ottawa Spray Rig Tests of an Ice Protection 
System Applied to the UH-1H Helicopter, November 1976, AD AO034458. 
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(v) USARTL-TR-78-48, Icing Tests of a UH-1H Helicopter with an 
Electrothermal Ice Protection System Under Simulated and Natural Icing Conditions, 
April 1979. 

(vi) USAAMRDL-TR77-36, Final Report, Natural Icing Flights and 
Additional Simulated Icing Tests of a UH-IH Helicopter Incorporating an 
Electrothermal Ice Protection System, July 1978, AD A059704. 

(9) Technical Feasibility Test of Ice Phobic Coatings for Rain Erosion in 
Simulated Flight Conditions, U.S. Army Test and Evaluation Command, Final Report, 
4-AI-192-IPS-001, August 1980. 

(10) Technical Feasibility Test of Ice Phobic Coatings in Simulated Icing 
Flight Conditions, U.S. Army TECOM, Final Report, 4-CO-160-000-048, September 1980. 

(11) Aircraft Icing, NASA Conference Publication 2086, FAA-RD-78-109, 
July 1978. 

(12) Helicopter Icing Review, FAA Technical Center, Final Report, 
FAA-CT-80-210, September 1980. 

(13) National Icing Facilities Requirements Investigation, Final Report, 
FAA Technical Center, FAA-CT-81-35, March 1981. 

(14) Aircraft Icing, AGARD Advisory Report No. 127, November 1978. 

(15) Rotorcraft Icing - Review and Prospects, AGARD Advisory Report, 
AR-166, September 1981. 

(16) Advisory Circular 20-117, Hazards Following Ground Deicing and Ground 
Operations in Conditions Conducive to Aircraft Icing, Dec. 17, 1982. 

(17) Olson, W . , Experimental Comparison of Icing Cloud Instruments, 
January 1983, NASA TM 83340. 

(18) JUH-1H Redesigned Pneumatic Boot Deicing System Flight Test 
Evaluation. Hayworth, L., Graham, M., to be published. USAAEFA Edwards AFB, 
California. Project No. 834-13. 

(19) A n Appraisal of the Single Rotating Cylinder Method of Liquid Water 
Content Measurement, National Research Council Canada Report LTR-LT-92, dated 
November 1978, by J . R. Stallabrass. 
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SECTION 23. MISCELLANEOUS (DESIGN AMP CONSTRUCTION? 

384. § 27.871 LEVELING MARKS. (RESERVED) 
385. § 27.873 BALLAST PROVISIONS. (RESERVED) 
386.-396. RESERVED. 
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397. § 27.901 (through Amendment 27-20) INSTALLATION. 
a. Seotion 27.901(a) 

(1) Explanation. Paragraph (a) provides a definition of parts of 
rotorcraft for which safety requirements are set forth under the general til 
SUBPART E - POWERPLANT. These parts include not only major propulsive elera< 
and power transmissive components but also oontrols, instruments, safety dei 
Including fire protection and other devices to protect personnel, and critic 
flight struoture in event of fires* 

(2) Procedure. To ensure that no certification aspeot is overlook 
establishing compliance, certification engineers should make at least an inl 
breakdown of all components of the rotororaft, assigning responsibility to 
powerplant oertifioation engineers of all items within the above definition. 
While this procedure is usually straightforward, the following items of FAA 
powerplant responsibility are listed to minimize questions regarding author! 
responsibility. 

(i) Drive system components. All parts of the transmission, 
dutches, shafting, Including the driveshafts (masts) of main and auxiliary 
rotors, powerplant cooling components, and powerplant instrumentation requir 
under §§ 27.1305, 27.1337, 27.1513, 27.1549, 27.1551, 27.1553, 27.1555, and 
27.1583. 
NOTE: The division of responsibility between FAA airframe engineers and FAA 
powerplant engineers (in accordance with FAA practice) regarding the drivesh 
at the flange or spline interface between the driveshaft and the rotor hub. 
hubs, controls, blades, and associated components are the airframe engineers 
responsibility. (Industry practice may not agree with this concept.) 

(ii) Engines, except for mount struoture. 
(iii) Auxiliary power units, except for mount struoture. 
(iv) Combustion heaters, exoept for downstream ventilation air 

duoting, mixing, and distribution systems and for electrical aspects of cont 
and safety devices. 

(v) Water/alcohol or other fluid power augmentation systems. 
(vi) Engine induction systems including induction icing and sno 

ingestion, and exhaust systems, including exhaust shrouds and drains. 
(vii) All fuel systems, inoluding those serving engines, auxilia: 

power units, oombustion heaters, power augmentation systems, etc., and vents 
drains for those systems. 

732 (thru 756) 
Chap 2 
Par 397 

SECTION 2U. POWERPLANT - GENERAL 



J5 AC 27-1 
(viii) Oil systems for engines, auxiliary power units, rotor drive 

nissions, and gearboxes, inoluding grease lubrioation. 
(ix) Cooling aspeots of engines, rotordrive transmissions and 

axes, and auxiliary power units. 
Electrical generating equipment and hydraulic component cooling may be the 

risibility of the systems and equipment engineer provided agreement is 
lished among responsible personnel. 

(x) Rotor brakes, except hydraulic and electrical aspeots and 
tural aspeots of nonrotatlng brake components. 

(xi) Fire proteotion, inoluding firewalls, fire extinguisher 
ms, fire detector systems, flammable fluid lines, fittings, and shutoff 
s. The powerplant engineer has responsibility for evaluating compliance 
§§ 27.861 and 27.863 as it pertains to fuel and oil systems. 

(xii) Engine and transmission cowling and covering, including latches* 
(xiii) Powerplant flexible oontrols. 
(xiv) Powerplant accessories. 
(xv) Pneumatio systems (engine bleed air) within the engine 

irtments, Including shut-off valves and engine isolation features of bleed 
ims* 

(xvi) Powerplant aspeots of instrument markings and powerplant 
sts of flight manuals, inoluding limitations, normal and emergency 
idures, engine performance; powerplant aspects of maintenance manuals, with 
isis on the limitations seotion of the manual and verification of the 
nations established under § 27*1521. 
b. Seotion 27.901(b). 

(1) Explanation. Paragraph (b) requires that the various powerplant 
>nents and systems be Investigated for general airworthiness. 

(2) Procedures* 
(i) Each item of the powerplant area of responsibility should be 

i to be suitable for its intended purpose and installed to operate 
sfaotorily and safely between normal inspections and overhauls. Accessories 
bed on engine or transmission drive pads should be determined to be 
atible with the pad limits including fit and speed range, overhang moment 
s, running torque and static torque. This latter term pertains to protection 
he engine or transmission whioh drives the acoessory from damage to be 
cted from malfunction of the accessory. This proteotion is usually supplied 
rovlding a shear section in the accessory drive shaft designed to fail before 
eding the statio torque limit of the engine or transmission driving 
onent. Note that when evaluating the strength of the mechanical shear 
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seotion, material allowables quoted In materials handbooks should not be us< 
since these are minimum strength values. Shear sections should consider maj 
strength values to be expected which are on the order of 130 peroent of the 
minimum strength values. Also, it should be verified that design data for t 
seotions are dimensioned to limit the maximum diameter as well as the minimi 
diameter. Installation of starter-generators may also require verification 
horsepower extraction limits are not exoeeded. Speoial flightcrew instruotj 
in the flight manual to monitor generator load or to disconnect electrically 
loaded items to protect acoessory or engine-transmission pad limits should t 
avoided. 

(ii) Environmental qualification requires consideration or 
protection against adverse effects of extremes of cold weather, salt and 
sand/dust atmosphere, altitude effeots, e t c Most powerplant components are 
subjected to many of these aspects during the individual qualification tests 
however, satisfaotory overall integrated system performance under these adve 
conditions must be verified. Cold weather testing should include verifioatl 
that lubricating oils and greases function properly, and that engine startin 
procedures are safe and do not impose excessive loads on aooessories, engine 
drive system components. Powerplant engineers should coordinate compliance 
efforts in this area with system engineer's investigations of oomplianoe wit 
IS 27.1301 and 27.1309. Full-scale rotorcraft operations In oold weather ah 
be required, including at least some exposure in the range of -10° to -20°F 
the aircraft is to be certified to these ambients. Cold soak or overnight 
exposure to oold weather is appropriate followed by starting and pretakeoff 
procedures in accordance with the flight manual. Attention should be given 
the practicality of important mandatory inspection procedures as affeoted by 
weather. 

(ill) Accessibility for maintenance should be reviewed. Typical 
some maintenance activities must involve disassembly or removal of adjacent 
components. This should be avoided if repetitive activity oan Jeopardize tht 
performance of critical or safety-related equipment. Verify that easy acoesi 
exists to items such as oil system sight gauges or dip sticks, filler ports i 
drain valves for engines, auxiliary propulsion units, transmissions, fuel tai 
and filters, e t c 

(iv) Electrical interconnections to prevent difference of potenl 
should be provided in the form of grounding straps or wires sized to oarry tl 
currents to be expected* Verify that the attachments for these grounding dei 
are not compromised by paint or zino chromate whioh will tend to eleotricallj 
insulate the engine or component. Note that engine mount structure should nt 
accepted as a grounding device since eleotrioal current will cause corrosion 
attach points. 

(v) Axial and radial expansion of turbine engines is usually nc 
problem unless redundant mount arrangements are used. Speoial expansion 
provisions are usually required if engine components other than mounting poll 
are attaohed to bulkheads, firewalls, other engines, or drive system componer 
Engine output shaft axial or bending loads due to thermal expansion and to 
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flection of supports under ground or flight loads should be ohecked. 
her components of conoern are compressor inlet flanges, exhaust ducts, 
d rigid fluid or air lines between airoraft struoture and the engine, 
e engine Installation data will provide limit loads to be considered for 
rts of the engine whioh normally are attaohed to airframe components. 

c Seotion 27.901(o). 
Explanation. Paragraph (o), In conjunction with the 

istallation manual requirements of § 33.5, is intended to assure 
raplianoe with the detail installation requirements developed by the 
iglne manufacturer to assure safe, continued operation of the engine. 

(2) Procedure. Compliance with most of the detail requirements 
i the engine Installation manual can be established by test or by design 
tatures and arrangements negotiated between the rotororaft manufacturer 
id the FAA powerplant engineer. Some aspects, usually involving inlet 
id/or exhaust distortion limitations, vibration limitations and 
Lrcraft/engine interface items may require direct assistance and 
.formation from the engine manufacturer to determine that compliance with 
le installation manual exists. Fuel control/engine/rotor system 
»rsional matohing is usually a developmental problem to be worked out 
afore presentation of the rotororaft to the FAAj however, final flight 
ssts for surge or stall, torsional stability, and acceleration/ 
Bceleration schedules may require direct coordination among FAA 
nstallation engineers, engine manufacturers' representatives, and the FAA 
ngine certification engineers. Reoiprooating, oarburetor equipped 
tigines usually require a particular carburetor configuration to achieve 
dequate engine cooling. This configuration, identified as a "carburetor 
arts list," must be approved for the engine under Part 33 and should be 
isted on the type data sheet for the rotororaft. 
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a. Engine Type Certification. 
(1) Explanation. Seotion 27.903(a) is intended to ensure that e 

used in type certified airoraft are properly qualified and that the associ 
installation requirements are established. 

(2) Prooedure. 
(1) Compliance oan be documented by verification that a type 

oertlfioate data sheet has been issued by the FAA for the engine identifie 
the rotororaft manufacturer as the engine planned for use in the rotororaf 
Reciprocating engines must have been qualified to a special test plan 
(§ 33.49(d)) to be eligible in helicopters. This eligibility should be ve 
by a note on the engine type certificate data sheet. 

(ii) On some occasions, the engine certification program is 
oonduoted concurrently with the rotororaft certifioation program. This is 
technically aooeptable provided the engine type certificate is Issued prio 
the rotorcraft type certificate. However, praotioal considerations involv 
use of unapproved engine installation data and the probability of engine d< 
changes during the engine certification program that impaot the rotorcraft 
certification program dictate that special prooedures must be introduced t< 
assure that the final rotororaft certifioation program is satisfactory. I: 
engine under oonslderation is merely a minor model ohange from a previousl; 
certificated engine and these changes are unlikely to oause rotororaft 
oertifioation problems and do not involve significant installation aspeots 
rotororaft projeot engineer need only to follow the engine oertifioation pi 
by routine oheoks with the FAA office responsible for engine oertifioation 
as a final pre-type certifioation item, verify that the engine type certif: 
has been issued. Rotororaft Type Board agenda/minutes should reflect the < 
status of the engine TC program* For rotororaft oertifioation programs im 
new or significantly changed engines, the powerplant oertifioation engineei 
the rotororaft should become as familiar with the engine as practicable wil 
particular attention to engine ratings, limitations, performance, engine/ 
rotororaft interfaoe aspeots, and any Part 27 oertifioation requirement im 
in the engine program (fuel/oil filters, fuel heaters, integral firewalls, 
and establish an appropriate working arrangement with the FAA engine 
oertifioation office to monitor changes in the engine oertifioation progret 
which may impaot the rotorcraft oertifioation program. In addition, any 
rotorcraft oertifioation activity such as test plans, analysis, compliance 
lnspeotions, e t c , whioh involves the engine should be aooepted on a oondit 
basis; i.e., pending confirmation of completion of the engine program withe 
changes pertinent to these aspeots of rotororaft program. The rotororaft 
applicant should be advised of any limitations in this prooedure, and that 
normally, the engine certification program should be complete before author 
formal FAA participation in the rotorcraft oertifioation plan; I.e., TIA. 
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SECTION 30* IHDDCTION SYSTEM 
531. § 27.1091 AIR INDUCTION. (RESERVED) 
532. S 27.1093 INDUCTION SYSTEM ICING PROTECTION. (RESERVED) 
533.-547. RESERVED. 
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SECTION 31. EXHAUST SYSTEM 
548. § 27.1121 GENERAL. (RESERVED) 
549. § 27.1123 EXHAUST PIPING. (RESERVED) 
550.-560. RESERVED. 
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561. S 27.1141 through Amendment 27-20) POWERPLANT CONTROLS: GENERAL. 
a. Explanation. 

(1) Seotion 27.1141(8) references §§ 27.777 and 27.1555. The detailed 
compliance procedures for powerplant controls arrangement and markings are found 
in these sections. 

(2) Eaoh flexible powerplant oontrol should be approved. 
(3) In order to prevent power failure due to improper powerplant 

control valve positioning, § 27.1141(o) specifies acceptable open/closed 
positions for manual valves. Power-assisted valves should have means to indicate 
to the fllghtorew that the valve is either in the fully open or fully closed 
position or that the valve Is moving between these two positions. 

(4) For turbine installations, no single failure or malfunction, or 
probable combination thereof, of any powerplant oontrol system should cause the 
failure of any powerplant funotion necessary for safety. 

b. Prooedure. 
(1) Procedures for § 27.1141(a) are oontained in detail in §§ 27.777 

and 27.1555. 
(2) Compliance with § 27.1141(b) may be accomplished by qualifying the 

control to Mil-C-7958, "Controls, Push-Pull, Flexible, and Rigid," or other 
approved standards. 

(3) Compliance with § 27.1141(c)(1) may be accomplished by installing 
manual valves whioh have positive stops in the full open and closed positions. 
The fuel valves, however, may have an arrangement to facilitate the capability of 
switching to different fuel tanks if suitable indexing is provided. Compliance 
with paragraph (c)(2) may be accomplished by installing a device whioh displays 
to the fllghtorew one indication with valve fully open and another with the valve 
fully olosed. Alternatively, an indication oould be given when the valve is 
moving from fully open to fully olosed with the indication oeasing when the valve 
position corresponds to the selected switch position (open or closed). An 
example would be a light that is off when the valve is fully open or olosed and 
illuminates while the valve is transitioning. 

(4) Compliance with § 27.1141(d) can be accomplished by performing a 
failure mode and effects analysis (FMEA) to determine that no single failure or 
malfunction will cause failure of any powerplant control funotion necessary for 
safety. Inoluded in this FMEA should be calculations showing the likelihood of 
any combination of failures of the powerplant oontrol systems that would oause 
failure of any powerplant function necessary for safety is improbable. One 
acceptable prooedure for documenting the analysis is oontained in Sooiety of 
Automotive Engineers (SAE) Fault/Failure Analysis Prooedure ARP 926A, revised 
November 15, 1979. 

562. RESERVED. 

Chap 2 
Par 561 

1009 

SECTION 32. POWERPLANT CONTROLS AMD ACCESSORIES 



AC 27-1 8/29 /85 

a. Explanation. This regulation desoribes the arrangement and operation of 
the engine oontrols. 

(1) Eaoh throttle meohanism should be independent of the throttles for 
other engines. 

(2) The arrangement of the independent throttles should allow 
simultaneous oontrol of all engines with one hand. 

(3) Immediate actuation at the engine oontrol should be provided by any 
given input at the throttle control in the oockpit* 

(4) If throttle oontrols incorporate a fuel shut-off feature, a means 
should be provided to prevent inadvertent movement to the shut-off position. 
This means should— 

(i) Provide a positive look or stop at the Idle position. An idle 
detent (mechanical or electrical/mechanical such as solenoid) is an accepted 
arrangement. 

(ii) Require a separate and distinct operation to place the control 
in the shut-off position. Separate action (switch or button) to displace the 
idle stop or distinct offsets in throttle motion to allow movement from the idle 
stop to shutoff are accepted arrangements. 

b. Procedures. None 
564. § 27.1145 (through Amendment 27-20) IGNITION SWITCHES, 

a. Explanation. 
(1) This section addresses the arrangement and protection of ignition 

swltohes for reciprocating engines or for turbine engines which require 
continuous ignition. 

(2) The objeotive is to provide a means to quickly shut off all 
ignition, if required, while at the same time providing protection against 
inadvertent ignition switch operation. 

(3) Seotion 27.1145(a) does not specifically state that turbine engines 
whioh do not require continuous ignition are excluded from the rule, but no 
benefit is realized by the capability of shutting off all Ignition to these 
engines. 
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b. Procedures. 

(1) Section 27.1145(a) Is self-explanatory in specifying that a means 
be available to quiokly shut off all ignition by the grouping of switches or by a 
master ignition switoh control. A "T" arrangement or split rocker switches are 
possible configurations. A master ignition oontrol, if utilized, would need to 
be carefully evaluated if helicopter performance oredit is given for engine 
isolation. 

(2) Eaoh group of ignition swltohes and the master ignition oontrol 
should have a means to prevent inadvertent operation. "Guarded" switohes are the 
usual means of showing compliance. 
565. § 27.1147 (through Amendment 27-20) MIXTURE CONTROLS. 

a. Explanation. This seotion addresses the arrangement of fuel mixture 
controls for reciprocating engine installations and applies only if mixture 
controls are installed. Note that this oontrol, as used in helicopters, Is an 
engine shutdown devloe. Adjustment of the fuel mixture in flight is not allowed 
to demonstrate Part 27 compliance, but may be acoeptable for more efficient 
engine operation if suitable stops or automatlo means are provided to prevent 
inadvertent engine shutdown with mixture movement or engine malfunction with 
flight condition changes. 

b. Procedures. 
(1) The arrangement should allow— 

(i) Separate control of eaoh engine; and 
(ii) Simultaneous oontrol of all engines. 

(2) Compliance may be accomplished by a side-by-side arrangement of the 
oontrols to allow either separate or simultaneous oontrol. 
566.-568. RESERVED. 
569. § 27.1163 POWERPLANT ACCESSORIES. (RESERVED). 
570.-583. RESERVED. 
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SECTION 33. POWERPLANT FIRE PROTECTION 

RESERVED 
§ 27.1183 LINES. FITTINGS. AND COMPONENTS. (RESERVED) 
S 27.1185 FLAMMABLE FLUIDS. (RESERVED) 
§ 27.1187 VENTILATION. (RESERVED) 
§ 27.1189 SHUTOFF MEANS. (RESERVED) 
§27.1191 FIREWALLS. (RESERVED) 

§ 27.1193 (through Amendment 27-20) COWLING AND ENGINE COMPARTMENT 
COVERING. 

a. Explanation. 
(1) Section 27.1193(a) requires the cowling and engine compartment 

coverings to structurally withstand loads experienced in flight. 
(2) In order to prevent pooling of flammable fluids, § 27.1193(b) 

requires rapid and oomplete drainage from the cowling and engine compartment. 
(3) Section 27.1193(c) requires the drain of paragraph (b) to purge the 

fluid in suoh a manner not to create a fire hazard. 
(4) Section 27.1193(d) requires the cowling and engine compartment 

oovering to be at least fire resistant, and paragraph (e) requires them to be 
fireproof where they may experience high temperatures due to the exhaust system. 

b. Procedures. 
(1) Compliance with § 27.1193(a) oan be shown by analyzing the cowling 

and engine compartment oovering and determining that no structural degradation 
will occur under the highest loads experienced on the ground or in flight. 

(2) Complianoe with § 27.1193(b) can be accomplished by ensuring that 
the drain will disoharge positively with no traps and is a minimum of 0.25 inches 
in diameter. 

(3) Complianoe with § 27.1193(c) oan be demonstrated by colored liquid 
flowing through the drain system while in flight. The dye should not impinge on 
any ignition souroe during any approved flight regime. 
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(4) Compliance with § 27.1193(d) oan be accomplished by showing that 

the cowling and engine oompartment covering is fire resistant. Fire resistant in 
this context means a material that has the capacity, under expeoted service 
conditions (load, vibration, airflow), to withstand the heat associated with fire 
at least as well as aluminum alloy in dimensions appropriate for the purpose. 

(5) Compliance with § 27.1193(e) can be accomplished by showing that 
the oowling and engine oompartment coverings retain adequate structural Integrity 
when subjected to elevated temperatures that may be expected in servioe. 
591. S 27.1194 OTHER SURFACES. (RESERVED) 
592. S 27.1195 FIRE DETECTOR SYSTEMS. (RESERVED) 
593.-616. RESERVED. 
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1070 (thru 1120) 
Chap 2 
Par 617 

SECTION 34. EQUIPMENT - GENERAL 
617. S 27.1301 (through Amendment 27-20) FUNCTION AND INSTALLATION. 

Explanation. The requirements of this paragraph apply to additional 
(optional) equipment as well as required equipment. If the equipment is 
Installed in the helicopter, it must meet the requirements of this paragraph. It 
must be properly Identified and must funotion properly when Installed. The 
manufacturer's operation manuals and brochures should be oonsulted if there are 
questions concerning the Intended funotion of the equipment. 
618. S 27.1303 (through Amendment 27-20) FLIGHT AND NAVIGATION INSTRUMENTS. 

Explanation. These instruments are the minimum required for VFR flight. If 
the applicant desires certification for night flight, the instruments must be 
lighted in aooordanoe with § 27.1381. The airspeed indioator and the magnetic 
direction indioator must be marked in aooordanoe with §§ 27*1545 and 27*1547, 
respectively. 
619. S 27.1305 POWERPLANT INSTRUMENTS. (RESERVED) 
620. S 27.1307 MISCELLANEOUS EQUIPMENT. (RESERVED) 
621. § 27.1309 EQUIPMENT* SYSTEMS* AND INSTALLATIONS * (RESERVED) 
622.-631. RESERVED. 



8/29/85 AC 27-1 

Chap 2 
Par 632 1121 

SECTION 35. INSTRUMENTS; INSTALLATION 
632. S 27.1321 ARRANGEMENT AND VISIBILITY. (RESERVED) 
633. S 27.1322 WARNING. CAPTION. AND ADVISORY LIGHTS. (RESERVED) 
631. S 27.1323 AIRSPEED INDICATING SYSTEM. (RESERVED) 
635. S 27.1325 STATIC PRESSURE SYSTEMS. (BESEBVED) 
636. 3 27.1327 MAGNETIC DIRECTION INDICATOR. (RESERVED) 
637. % 27.1329 AUTOMATIC PILOT SYSTEM. (RESERVED) 
638.-639. RESERVED. 
640. S 27.1335 FLIGHT DIRECTOR SYSTEMS. (RESERVED) 
641. S 27.1337 POWERPLANT INSTRUMENTS. (RESERVED) 
642.-651. RESERVED. 
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652. § 27.1351 (through Amendment 27-19) GENERAL. 
a. Explanation. With the advent of more sophisticated rotororaft and 

operations under more critioal conditions, suoh as IFR and icing, it is essential 
that the electrical system be very carefully analyzed and evaluated to assure 
proper operation under any foreseeable operating condition and that hazards do 
not result from any malfunctions or failures. 

b. Procedures. 
(1) Eleotrioal System Capacity. Rotororaft electrical systems have 

grown in oapaoity, complexity, and impact on safety. This paragraph requires 
adequate electrical system capacity for safe operation of load cirouits essential 
for safe operation at continuous rated power. If this oapaoity can be shown by 
eleotrioal measurements, an electrical load analysis is not required. 

(1) Load circuits (systems) that are essential for safe operation 
are those systems necessary to maintain controlled flight and land safely and are 
generally those systems required to show compliance with the certification 
regulations. This includes most eleotrioal utilization systems. 

(ii) An electrical utilization system is a system of electrical 
equipment, devices, and connected wiring using electric energy to perform a 
specific aircraft function. 

(iii) The speoific utilization systems, whioh are necessary to 
maintain controlled flight and land safely, will vary with the type of rotorcraft 
and with the nature of operations. Examples of systems whioh may be essential 
are basic flight Instruments, minimum navigation equipment, minimum radio 
communications, and flight control systems* 

(2) Funotion. 
(i) Electrical equipment, controls, and wiring must be installed so 

that failure of a souroe will not interrupt supply of power by other sources to 
any systems that are essential for safe operation. Generating systems should be 
analyzed, inspected, or tested to ensure that no probable malfunction in the 
generating system or in the generator drive system may cause permanent loss of 
servioe to systems essential for safe operation. A probable malfunction is any 
single eleotrioal or mechanical malfunction or failure which is considered 
probable on the basis of past servioe experience with similar components in 
rotorcraft applications. The experience with similar components in other 
airoraft may be used, if applicable, when there is insufficient rotorcraft 
experience. This definition should be extended to multiple malfunctions when: 
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(A) The first malfunction would not be detected during normal 
operation of the system, including periodio checks established at intervals which 
are consistent with the degree of hazard involved; or 

(B) The first malfunction would inevitably lead to other 
malfunctions. 

(ii) The generator drive system includes the prime movers 
(propulsion engines or other) and ooupling devices such as gearboxes or oonstant 
speed drives. 

(iii) Where orew oorreotive aotion is neoessary: 
(A) Adequate warning should be provided for any malfunction or 

failure requiring such oorreotive aotion; 
(B) Controls should be looated to permit suoh oorreotive 

action during any probable flight situation; 
(C) If oorreotive aotion must be taken within a speoified time 

to continue safe operation of the generating system, it should be demonstrated 
that suoh oorreotive aotion oan be accomplished within the specified time during 
any probable flight situation; and 

( D ) The procedure to be followed by the orew should be 
detailed in the Rotororaft Flight Manual. 

(iv) Chapter 11 of Advisory Ciroular 43 .13-1A, "Acceptable Methods, 
Techniques, and Praotioes; Airoraft Inspection and Repair," inoludes guidance on 
installation of eleotrioal systems (routing, separation, tying, clamping, j-box 
installations, etc). Special emphasis should be placed on wire routing during 
the rotororaft complianoe inspection. Control wires to the rotororaft's 
generators should be routed separately from generator output wiring. This should 
begin at the generator and continue to the voltage regulator. 

(3) Generating System. When electrical power is needed for essential 
equipment, this paragraph requires at least one generator with adequate capaoity 
for safe operation. Complete eleotrioal failures have been caused by loss of 
voltage control in the voltage regulator. Overvoltage conditions can destroy 
eleotronlo equipment. An acceptable method of overvoltage protection is the use 
of a separate overvoltage sensing relay to trip the generator off the line when 
overvoltage is detected. Another aooeptable method is use of a voltage regulator 
with built-in overvoltage proteotion. 

04) Instruments. Voltage and current supplied by eaoh generator are 
parameters whioh define system operation. Some systems are provided with 
voltmeters and ammeters to display these parameters to the orew. These 
instruments may be multifunctional with switohes to seleot the funotions 
displayed. Some designs have annunciated safe operation of eaoh generator with 
lights and have no voltmeter and ammeter. If additional limitations, suoh as 
maximum loading of portions of the systems, are necessary to account for fault 
oondition, that information should be made available to appropriate personnel 
(orew, owner, modifier, etc) to ensure the limits are not exoeeded. 
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(5) An external power souroe supplying reverse polarity or reverse 

phase sequenoe to the rotororaft eleotrloal system oould seriously damage the 
system* This paragraph requires a means to prevent Buoh an oocurrenoe. This can 
be accomplished by use of a standard polarized reoeptaole and protective relays. 
653. S 27*1353 (through Amendment 27-20) STORAGE BATTERY DESIGN AND 

INSTALLATION. 
a. Explanation. Batteries must not be designed and installed to create a 

hazard to the rotororaft under any operating conditions. 
D* Procedures. 

(1) As part of the eleotrloal system evaluation, the battery 
installation should be reviewed to ensure the battery is vented and drained. If 
there is some doubt regarding the ability of the drain to satisfaotorily dispose 
of corrosive fluids, TIA tests should be oonduoted to resolve the issue. 
Normally this is done by expelling a dye solution through the drain system during 
different phases of flight to ensure that fluids are drained olear of the 
rotororaft. Some alroraft rely on the installation of a sump jar to dispose of 
corrosive fluids. 

(2) If nickel oadmium batteries are used for engine starts, compliance 
with § 27.1353(g) may be achieved through: 

(i) A battery charge oontrol system may be used that automatically 
controls the battery oharge to prevent battery overheating. Unless otherwise 
speoified by the battery manufacturer, temperatures above 140 °F are oonsidered 
overheat for NI-CAD batteries. The system is acceptable if the charge rate is 
automatically adjusted by controlling the charging current as a function of 
battery temperature, and in an over-temperature condition, the oharge current is 
automatically reduced to a safe value. Zero to 10 amperes has been considered 
safe for batteries rated at less than 34 amp-hours, and zero to 15 amperes has 
been oonsidered safe for batteries rated at 34 amp-hours or more. The aotual 
number ohosen should be substantiated. Means and/or procedures should be 
provided for the orew to monitor the oharger performance or the battery 
condition. If there is an automatic disconnect of the oharger from the batteries 
and associated bus on an over-temperature condition, provisions should be 
provided in the cookpit to warn of a disconnect. 

(11) If a temperature monitoring system is used, the temperature 
sensor should be located in a position that will most accurately reflect the 
internal battery temperature without oausing adverse effeots to the sensor. The 
location normally used is near the center of the battery. If the sensor is 
plaoed between two cells, the indication should be very close to the actual 
temperature within the cell. If the sensor is plaoed in a oell strap, there will 
normally be a period of time just after a heavy ourrent drain (e.g. engine start) 
when the sensor shows a temperature that is hotter than the aotual oell 
temperature. 
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(111) Battery failure sensing and warning systems have also been used 

to show compliance with this rule. 
(3) Other aspeots of the battery installation can be resolved by 

reviewing AC 43.13-1A, "Acceptable Methods, Techniques, and Praotioes; Aircraft 
Inspection and Repairs" and AC 43 .13-2A, "Acceptable Methods, Techniques, and 
Praotioes: Airoraft Alterations." 
654, RESERVED. 
655. S 27.1357 (through Amendment 27-19) CIRCUIT PROTECTIVES DEVICES. 

a. Explanation. Cirouit protective devioes are normally installed to limit 
the hazardous oonsequenoes of overloaded or faulted eleotrloal circuits. These 
devioes are resettable (cirouit breakers) or replaceable (fuses) to permit the 
orew to restore service when nuisance trips ooour or when the abnormal circuit 
oondition oan be oorreoted in flight. Chapter 11 of Advisory Circular 43.13-1A, 
"Acceptable Methods, Techniques, and Praotioes: Airoraft Inspection and Repair," 
includes guidance on selection of cirouit proteotive devioes. 

b. Procedures. 
(1) The circuit proteotive devices for systems essential to flight 

safety should not be tripped by faults in other circuits. 
(i) Systems that are "essential to flight safety" are generally 

those systems that are required to show compliance with the regulations. These 
essential systems inolude the basic electrical system, the distribution system, 
and many eleotrloal utilization systems. 

(ii) An eleotrloal utilization system is a system of electrical 
equipment, devioes, and oonneoted wiring using eleotrloal energy to perform a 
speoifio airoraft funotion. 

(iii) The speoifio utilization systems, which are necessary to 
maintain controlled flight and land safely, will vary with the type of rotorcraft 
and with the nature of operations. Examples of systems which may be essential 
are basic flight instruments, minimum navigation equipment, minimum radio 
communications, and flight oontrol systems. 

(2) Automatic reset cirouit breakers, which automatically reset 
themselves, should not be used as oircuit proteotive devioes. If an abnormal 
oirouit condition oannot be oorreoted in flight, the decision to restore power to 
the oirouit should result from a careful analysis by the flightorew and oannot be 
performed by automatic reset oirouit breakers. 
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To ensure crew supervision over the reset operation, oirouit proteotive devioes 
should be designed to require a manual operation to restore servioe after 
tripping. Circuit breakers must be designed such that the tripping meohanism 
cannot be overriden by the operating control. These are known as the "trip free" 
type. 

(3) This paragraph requires protective devioes for cirouits essential 
to safety in flight to be accessible to the crew in the oookpit. Again, this 
generally applies to systems required for compliance as discussed above. If 
continued safe flight to the destination is sufficiently assured, certain 
required cirouits have been exoepted from this accessibility. Voltmeter and 
ammeter oirouit protective devioes are examples of ones that have been exoepted. 
Some utilization systems, although not specifically required by Part 27, may be 
required for the particular design to be certified. Circuit proteotive devioes 
for these systems should be accessible. The following are considered to be 
aooeptable oomplianoe with the "readily reset" provision of this paragraph: 

(i) For operation by a single pilot with seat belt and shoulder 
harness normally adjusted, the pilot should be able to identify and reset or 
replace the opened oirouit proteotor while flying the rotororaft. Circuit 
protection should not be located aft of a vertioal plane passing left to right 
(laterally) through the pilot*s body. 

(ii) For a crew of two, it is satisfactory for one arewmember to 
move his seat and loosen his shoulder harness to identify and reset or replaoe 
the oirouit proteotive devioe. It is not satisfactory for one of the orewmembers 
to leave his seat to reset or replace the circuit proteotive device. 

(4) The spare fuse requirement applies only to fuses proteoting systems 
required to show oomplianoe with the regulations. Spare provisions are 
enoouraged but not required for nonrequired convenience type installations. The 
spare fuses should be stored in a looation readily aooessible to the orew. For 
spare fuses not directly visible to the orew, looation information should be 
provided. One aooeptable looation is on the fuse panel in a holder without wire 
terminations. The spare fuse should be identified "spare" with the fuse rating. 

(5) Passive oirouit protection has been utilized to a limited degree in 
some designs. To accommodate special installation problems, unprotected wire 
runs of up to 2 feet have been acoepted in a few instanoes when associated with 
detailed speoific installation data and regular perlodio inspections. Speoifio 
installation data would normally include information suoh as routing 
requirements, clamp looatlons, requirement for conduit, etc. Eleotrioal master 
junction boxes usually rely to some degree on passive oirouit proteotion for 
protection against short circuits on distribution bars. This reliance is 
normally supported by considerations suoh as careful layout to minimize the 
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posslbllty of shorts from loose objeots, extensive use of nonoonduetlve 
materials, terminal covers for relays, etc. Periodic inspections are also 
normally required. It is desirable to install junction boxes so loose objeots 
will tend to fall away from internal circuitry. Also, careful consideration 
should be given to flammability characteristics when selecting a nonoonduotive 
material. 
656.-657. RESERVED. 
658. § 27.1361 (through Amendment 27-19) MASTER SWITCH. 

a. Explanation. This paragraph provides for a master switch to allow for a 
quiok disoonneot of electrio power souroes. This provision was intended to 
minimize the probability of eleotrloal power providing an ignition souroe during 
a crash. 

b. Procedures. 
(1) It has been determined that bypassing the master switoh with small 

load circuits may not significantly inorease the probability of eleotrloal 
Ignition of fuel. Therefore, it is permissible to allow live circuits as 
desoribed in paragraph (b) of this seotion. 

(2) The pilot should be able to readily identify and operate the master 
switch from his normal crew position with seat belt and shoulder harness normally 
adjusted. The master switoh and switoh positions should be labeled. The labels 
should be readily recognized under all certificated flight conditions. 

(3) Designs that inolude multiple power souroes may include a "master 
switoh arrangement" instead of a "master switch." This is done to minimize the 
possibility of a single failure resulting In a total loss of eleotrloal power. 

(4) In addition to oarefully evaluating the functional aspects of an 
installation, the malfunction aspeots must also be considered as required by 
§ 27.1309. Normally, the installation is proteoted against inadvertent actuation 
of the funotion. 
659. § 27.1365 (through Amendment 27-19) ELECTRIC CABLES. 

a. Explanation . The FAA does not have a wire standard and, in general, 
relies on military speoifioations. Where a military specification does not 
exist, manufacturers * specifications, along with appropriate qualification test 
data, have been accepted. 

b. Procedures. 
(1) Chapter 11 of Advisory Ciroular 43.13-1A, "Acceptable Methods, 

Teohnlques and Practices: Aircraft Inspection and Repair," contains a listing of 
wiring that has been accepted for airoraft installations. 
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(2) In many instances, references to a basio specification are not 

adequate since several configurations may exist, and reference to a supplemental 
speoifioation sheet will also be neoessary. 

(3) Where wire with thin wall insulation (thlokness of at least 
10.5 mils.) has been used, some problems oan ooour if special precautions are not 
taken when the wire is stamped for identification. The areas of oonoern are 
temperature, pressure, and dwell time of the stamp. 

(4) Some additional types inoluded in Tables A-I and A-II of 
MIL-W-5088H, Appendix A, have also been evaluated and accepted for oivil 
applications. Use of a speoific type of wiring seleoted from this listing should 
be ooordinated with FAA engineering personnel. 
660. S 27.13.67 (through Amendment 27-19) SWITCHES. 

a. Explanation. Qualification data that are available from the switoh 
manufacturer should provide information regarding oontaot ratings and 
environmental limitations. 

b. Prooedures. 
(1) Contact ratings are normally provided by the switoh manufacturer. 

If the particular application is not specifically addressed by the switoh 
manufacturer, additional information is available in Chapter 11, Section 2 of 
Advisory Circular 43.13-1A, "Acceptable Methods, Techniques and Practices: 
Aircraft Inspection and Repair." 

(2) The rule requires all switches to be accessible. 
(1) For operation by a single pilot with seat belt and shoulder 

harness normally adjusted, the pilot should be able to identify and operate 
essential switohes while flying the rotororaft. Essential system switches should 
be looated forward of a vertical plane passing left to right (laterally) through 
the pilot's body. 

(ii) For a orew of two, switohes for essential' systems oan be 
further back and beyond the reach of the pilot if readily identifiable and 
aooessible to the other pilot or orewmember. 

(3) This paragraph requires labeling of all switohes. Eaoh switoh 
should be labeled for the circuit controlled, and eaoh switoh position should 
also be labeled. 
661.-667. RESERVED. 
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Chap 2 
Par 668 1185 

SECTION 37. LIGHTS 
668. S 27.1381 INSTRUMENT LIGHTS. (RESERVED) 
669. S 27.1383 LANDING LIGHTS. (RESERVED) 
670. § 27.1385 POSITION LIGHT SYSTEM INSTALLATION. Refer to Advisory 

Ciroular 20-74, "Airoraft Position and Antioollision Light Measurements" 
671. § 27.1387 POSITION LIGHT SYSTEM DIHEDRAL ANGLES. Refer to Advisory 

Ciroular 20-74. 
672. § 27.1389 POSITION LIGHT DISTRIBUTION AND INTENSITIES. Refer to Advisory 

Ciroular 20-74. 
673. $ 27.1391 MINIMUM INTENSITIES IN THE HORIZONTAL PLANE OF FORWARD AND REAR 

POSITION LIGHTS. Refer to Advisory Ciroular 20-74. 
674. § 27.1393 MINIMUM INTENSITIES IN ANY VERTICAL PLANE OF FORWARD AND REAR 

POSITION LIGHTS. Refer to Advisory Ciroular 20-74. 
675. S 27.1395 MAXIMUM INTENSITIES IN OVERLAPPING BEAMS OF FORWARD AND REAR 

POSITION LIGHTS. Refer to Advisory Ciroular 20-74. 
676. S 27.1397 COLOR SPECIFICATIONS. Refer to Advisory Circular 20-74. 
677. I 27.1399 RIDING LIGHT. (RESERVED) 
678. S 27.1401 ANTICOLLISION LIGHT SYSTEM. Refer to Advisory Ciroular 20-74. 
679.-688. RESERVED. 
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SECTION 38. SAFETY EQUIPMENT 
689. § 27.1411 (through Amendment 27-20) GENERAL. 

a. Explanation. 
(1) This seotion contains requirements for the accessibility and 

stowage of required safety equipment. Compliance with this seotion should 
ensure that: 

i 
(1) Looations for stowage of all required safety equipment have 

been provided* 
(ii) Safety equipment is readily accessible to both orewmembers and 

passengers, as appropriate, during any reasonably probable emergency situation. 
(ill) Stowage looations for all required safety equipment will 

adequately protect suoh equipment from inadvertent damage during normal 
operations. 

(Iv) Safety equipment stowage provisions will protect the equipment 
from damage during emergency landings when subjected to the inertia loads 
specified in § 27.561* 

(2) It is a frequent praotioe for the helicopter manufacturer to 
provide the substantiation for only those portions of the ditohing requirements 
relating to alroraft flotation and ditohing emergenoy exits. Completion of the 
ditohing oertifioation to inolude the safety equipment installation and stowage 
provisions is then left to the affeoted operator so that those aspects can best 
be adopted to the seleoted cabin interior. In suoh cases, the "Limitations" 
seotion of the Rotorcraft Flight Manual should identify the substantiations yet 
to be accomplished in order to justify the full ditohing approval. The operator 
(or modifier) performing these final installations is then oonoerned dlreotly 
with the details of this paragraph. Any aspects of the basic helioopter 
flotation and emergency exits approval that are not compatible with the 
modifier's proposed safety equipment provisions should be resolved between the 
type certificate bolder and the modifier prior to FAA approval for ditching. 
(See paragraphs 338a(9) and 691a(3).) 

b. Procedures* 
(1) A oockpit evaluation should be oonduoted to demonstrate that all 

required emergency safety equipment to be used by the orew will be readily 
aooessible during any probable emergenoy situation. This evaluation should 
inolude, for example, emergenoy flotation equipment aotuatlon devloes, remote 
liferaft releases, hand fire extinguishers, and protective breathing equipment. 

(2) Stowage provisions for safety equipment shown to be compatible 
with the vehicle configuration presented for oertifioation should be provided 
and identified so that: 



8/29/85 AC 27-1 
(i) Equipment ia readily accessible regardless of operational 

configuration. 
(ii) Stored equipment is free from inadvertent damage from 

passengers and handling. 
(iii) Stored equipment is adequately restrained to withstand the 

inertia foroes speoified in § 27.561(b)(3) without sustaining damage. 
(3) Liferaft stowage provisions should be sufficient to aooommodate 

rafts for the maximum number of occupants for whioh oertifioation for ditohing is 
requested. 

(i) Liferafts stowed inside the helioopter should be located near 
the ditohing emergency exits so that: 

(A) Liferafts are readily accessible and deployment through 
ditohing emergenoy exits by passengers and orew may be accomplished without 
unreasonable effort and training. 

(B) Deployment of liferafts oan be aooomplished without damage 
(i.e.. punctures, tears, etc.). 

(iii) Rotororaft fuselage attachments for the liferaft statio lines 
required by S 27.1115(o) must be provided. 

(A) Statio line fuselage attachments should not be susceptible 
to damage when the rotororaft is subjected to the maximum emergenoy ditohing 
water entry loads established by § 27.801. (See paragraph 338b(D.) 

(B) Statio line fuselage attachments should be structurally 
adequate to restrain a fully loaded raft of the maximum oapaoity required for 
ditohing oertifioation. 

(C) Liferafts that are remotely or automatically deployed must 
be attached to the rotororaft by the required statio line after deployment 
without further aotion from the orew or passengers. 

(4) Stowage provisions for signaling equipment required by § 27.1415 
should be looated near a designated ditohing emergenoy exit. 

(5) If stowage provisions for life preservers are included in an 
interior configuration, eaoh life preserver when stowed must be within easy reaoh 
of eaoh occupant while seated. 

(ii) Liferafts stowed outside of the helioopter should have— 
(A) A readily accessible deployment device; and 
(B) A secondary method of deployment near the stowed area. 
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a. Explanation. Design and performance standards are contained In this 
seotion. 

(1) Each safety belt must be equipped with metal-to-metal latches 
(Amdt. 27-15). 

(2) Belts and belt anchors must sustain without failure ultimate loads 
as presoribed for eaoh installation. 

(3) Seats and berths are included. 
(4) Litters, if installed, shall be included. 
(5) TSO-C22, Safety Belts, contains acceptable airoraft belt 

standards. In part, the belts shall have a 2-inch nominal width, shall be 
self-extinguishing per § 25.853(b)(2), and may have a 1,500- or 3,000-pound rated 
strength. 

b. Prooedures. 
(1) TS0-C22-approved seat belts should be used. The rated load shall 

not be exceeded. During an interior compliance inspeotion, the belt should be 
oheoked for label, rating, and metal-to-metal latohes. 

(2) The type design data shall contain an analysis or test results of 
belts and anchors proving compliance with the strength standards of this 
seotion. Fitting factors presoribed in § 27*625 shall be used. 

(3) The use or application of the belts shall be proven in compliance 
with the standard. The belt rated strength shall not be exceeded by the ultimate 
load derived from § 27.561(b). 

(4) The rated strength of each unique belt may be stated in structural 
loads or design criteria report and the corresponding maximum ultimate design 
load listed for ease of comparison. 
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a. Explanation. 
(1) Emergency flotation and signaling equipment is not required for all 

rotorcraft overwater operations. However, if such equipment is required by an 
operating rule (e.g., § 135.167), the equipment supplied for compliance with the 
operating rule must meet the requirements of this section. 

(2) Compliance with the provisions of S 27.801 for rotororaft ditohing 
requires oomplianoe with the safety equipment stowage requirements and ditohing 
equipment requirements of §§ 27.1411 and 27.1415, respectively. 

(1) Emergenoy flotation and signaling equipment installed to 
complete oertification for ditohing or required by any operating rule must be 
compatible with the basic rotororaft configuration presented for ditohing 
certification. It is satisfactory if operating equipment is not incorporated at 
the time of original type oertification of the rotorcraft provided suitable 
information is included in the "Limitations" seotion of the Rotororaft Flight 
Manual to identify the extent of ditching certification not yet completed. 

(ii) When the ditohing equipment required by § 27.1415 is being 
installed by a person other than the applicant who provided the helioopter 
flotation system and ditohing emergenoy exits, special care must be taken to 
avoid degrading the functioning of the airoraft devioes and to make the ditohing 
equipment compatible with them. (See paragraphs 338a(9) and 689a(2).) 

b. Procedures. 
(1) Liferafts and life preservers used to show oomplianoe with the 

ditching requirements must be of an approved type. Compliance with the 
requirements of TS0-C12 for liferafts and TS0-C13 for life preservers will 
satisfy FAA requirements for approval of this equipment. 

(i) Life preservers. 
(A) Life preservers should comply with the requirements of the 

applicable operating regulations (FAR Parts 91, 135, 121, etc.). For extended 
overwater operations, eaoh life preserver is required by the operating rules to 
have an approved survivor locator light. 

(B) Protective oovers for life preservers should be compatible 
with the TSO requirements under which the basic life preserver was approved. 

(ii) Liferafts. 
(A) Liferafts are rated during their approval to the number of 

people that can be carried under normal conditions and the number that oan be 
accommodated in an overload condition. Only the normal rating may be used in 
relationship to the number of oooupants permitted to fly in the helioopter. 
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(B) Eaoh liferaft released automatically or by the pilot must 

be attached to the rotororaft by a line to secure the liferaft close to the 
rotororaft for oooupant egress. The line should be of adequate strength to 
restrain the liferaft under any reasonably probable sea state condition but must 
be designed to release before submerging the empty raft to which it is attached if 
the rotororaft sinks* 

(ill) Survival Equipment. Approved survival equipment if required by 
any operating rule must be attaohed to eaoh liferaft. Provisions for the 
attachment and stowage of the appropriate survival equipment should be addressed 
during the ditohing equipment segment of the baslo ditohing certification. 

(2) Emergenoy signaling equipment required by any operating rule must be 
free from hazard in its operation. Required signaling equipment must be easily 
aooessible to the passengers or orew and should be looated near an emergency 
ditohing exit or included in the survival equipment attached to one of the rafts. 
692. $ 27.1419 ICE PROTECTION. (RESERVED) 
693.-701. RESERVED. 

SECTION 39. MISCELLANEOUS EQUIPMENT 
702.-703. RESERVED. 
704. S 27.1435 HYDRAULIC SYSTEMS. (RESERVED) 
705.-706. RESERVED. 
707. $ 27.1461 EQUIPMENT CONTAINING HIGH ENERGY ROTORS. (RESERVED? 
708.-717. RESERVED. 
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Chap 2 
Par 718 1255 

SECTION 40 . OPERATING LIMITATIONS 

718. § 27.1501 GENERAL. (RESERVED) 

719. § 27.1503 AIR SPEED LIMITATIONS: GENERAL. (RESERVED) 

720. § 27.1505 ( th rough Amendment 27-20) NEVER-EXCEED SPEED, 

a . E x p l a n a t i o n . 

(1) Genera l . Th is r u l e r e q u i r e s the never-exceed speed ( V N E ) f o r 
both power-on and power -o f f f l i g h t t o be e s t a b l i s h e d as o p e r a t i n g l i m i t a t i o n s . 
The r u l e s p e c i f i e s how t o e s t a b l i s h and s u b s t a n t i a t e these l i m i t s . 

(2) Power-on L i m i t . 

( I ) The a l l - e n g i n e s - o p e r a t i n g V N E i s e s t a b l i s h e d by design and 
s u b s t a n t i a t e d by f l i g h t t e s t s . The V ^ g l i m i t s are the most conserva t i ve va lue 
t h a t demonstrates compliance w i t h the s t r u c t u r a l requi rements (§ 27 .309 ) , the 
maneuve rab i l i t y and c o n t r o l l a b i l i t y requ i rements (§ 27 .143 ) , the s t a b i l i t y 
requi rements (§§ 27.173 and 27 .175 ) , or the v i b r a t i o n requi rements (§ 27 .251 ) . 
The power-on V N E w i l l no rma l l y deorease as d e n s i t y a l t i t u d e o r weight 
i n c reas es . A v a r i a t i o n i n r o t o r speed may a l so r e q u i r e a v a r i a t i o n i n the 
VNE* 7 1 1 6 r e g u l a t i o n r e s t r i c t s the number o f v a r i a b l e s t h a t a re used t o 
determine the V N E a t any g iven t ime so t h a t a s i n g l e p i l o t can r e a d i l y 
a s c e r t a i n the c o r r e c t V N E F O R h i s f l i g h t c o n d i t i o n w i t h a minimum o f mental 
e f f o r t . H e l i c o p t e r s t h a t a re equipped w i t h a i r d a t a computers o r o the r s i m i l a r 
equipment are a l lowed t o vary as many parameters as des i r ed i f t he f i n a l r e s u l t 
i s no more than two parameters t h a t d e f i n e the V N E d i sp layed t o the p i l o t i n an 
unambiguous manner. These h e l i c o p t e r s must a l so have a method f o r de te rm in ing 
V N E t h a t compl ies w i t h the r e g u l a t i o n i n the event the a i r d a t a computer system 
f a l l s . Th is method i s u s u a l l y more conse rva t i ve than the automat io system 
beoause o f the l i m i t a t i o n i n the number o f parameters t h a t can be v a r i e d . 

( I i ) A o n e - e n g i n e - i n o p e r a t i v e (OEI) V J J E I S g e n e r a l l y es tab l i shed 
through f l i g h t t e s t and i s u s u a l l y near the Vfj o r V ^ E o f the h e l i c o p t e r . I t 
i s the h i g h e s t speed a t which the f a i l u r e o f the remain ing engine must be 
demonstrated. For r o t o r o r a f t w i t h more than two eng ines , the a p p r o p r i a t e 
des igna t i on would be "one-eng ine-operat ing** V N E A N D would be t h a t speed a t 
which the l a s t remain ing engine cou ld be f a i l e d w i t h s a t i s f a c t o r y hand l i ng 
q u a l i t i e s . I t i s p o s s i b l e , a l though be l i eved improbab le , t h a t a r o t o r c r a f t w i t h 
more than two engines cou ld have d i f f e r e n t V ^ g s depending upon the number o f 
engines s t i l l o p e r a t i n g . I t i s recommended t h a t the OEI V ^ E no t be 
s i g n i f i c a n t l y lower than the OEI bes t range a i r s p e e d . A mu l t i eng ine r o t o r o r a f t 
may r e q u i r e an OEI V N E i f t n e hand l i ng q u a l i t i e s f o l l o w i n g the l a s t remain ing 
engine f a i l u r e are no t s a t i s f a c t o r y o r i f t he r o t o r speed decays below the 
power -o f f t r a n s i e n t l i m i t s a t the a l l - e n g i n e - o p e r a t i n g V N E * 
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(3) Power-off Limits* A power-off Vjjg may be established either by 

design or flight test and should be substantiated by flight tests* A power-off 
V H E la generally required if the handling qualities or stability 
characteristics at high speed in autorotation are not aooeptable. A limitation 
of the power-off V^g may also be used if the rotorcraft has undesirable or 
objeotionable flying qualities, suoh as large lateral-direotional oscillations, 
at high autorotational airspeeds. The power-off Vj|g must meet the same 
criteria for control margins as the power-on V^g. The regulation requires that 
the power-off V^g he no less than the speed midway between the power-on Vjjg 
and the speed used to comply with the rate of climb requirements for the 
rotorcraft. When the regulation was written, rotororaft Vjjg speeds were 
significantly lower than those of recently certificated helicopters. The high 
V N E speeds of current rotororaft result in relatively high values for power-off 
V N E * Speeds lower than that specified in the regulation have been found 
aooeptable through a finding of equivalent safety if the selected power-off V^g 
is equal to or greater than the power-off speed for best range. In any oase, the 
power-off Vjjg must be a high enough speed to be practical. A demonstration is 
required of the deceleration from the power-on Vjjg or OEI V^g to the 
power-off Vfjg. The transition must be made in a controlled manner with normal 
pilot reaction and skill. 

b. Prooedures. The tests to substantiate the different V[jg speeds are 
ordinarily conducted during the flight characteristics flight tests. The flight 
test procedures are discussed for the various limiting areas in earlier 
paragraphs of this document. Statio stability test techniques are oovered in 
paragraph 86 and the vibration test techniques in paragraph 110. 
721. § 27*1509 ROTOR SPEED. (RESERVED) 
722. RESERVED* 
723. S 27*1519 WEIGHT AND CENTER OF GRAVITY. (RESERVED) 
724. § 27*1521 POWERPLANT LIMITATIONS. (RESERVED) 
725. RESERVED. 
726. S 27.1523 MINIMUM FLIGHT CREW* (RESERVED) 
727* S 27.1525 KINDS OF OPERATIONS* (RESERVED) 
728. § 27*1527 MAXIMUM OPERATING ALTITUDE. (RESERVED) 
729. § 27.1529 INSTRUCTIONS FOR CONTINUED AIRWORTHINESS. (RESERVED) 
730.-739* RESERVED. 
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(D) Placards should be added near the fuel filler 

opening to note that fuel must contain the anti-ice additive PFA-55MB 
MIL-I-27686 within the minimum and maximum allowed concentration. 

(E) The FAA-approved flight manual should contain 
neoessary information to attain satisfactory blending of the additive and 
procedures to allow the operator to cheok the blend in the fuel tank. 

(iv) Fuel system protection (other than filters). If the 
fuel heater method or oversize filter method (items 448b(3)(i) and 
b(3)(ii)) is proposed, the remainder of the fuel system should be shown to 
be free from obstruction by fuel ice. This may be shown by testing the 
system with ioe-oontaminated fuel (prepared as suggested for filter tests) 
or, in many cases, by selecting fuel system components which by test or by 
previous experience are known to be free of ioe collection tendencies. 
Tank outlet screens (or tank-mounted pump Inlet screens) may be the 
significant fuel system feature for further evaluation. In some 
instances, fuel turbulence due to pump motions may be sufficient to keep 
the screen olear of ice. In other instances, small screen bypass openings 
(approximately one-fourth inch in diameter) located outside the 
predominant fuel flow path have been found satisfactory. 
NOTE: Advisory Circular (AC) 20-29 contains Information regarding 
compliance with the fuel ice protection requirements of Part 25, 
§ 25.997(b). The information in this AC is largely valid except for 
references to the quantity of water to be expected in fuel and the amount 
of additive required to ensure freedom from fuel ice hazards. 

Chap 2 
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a. Explanation. 
(1) Seotion 27.953(a) speoifies independent fuel feed systems for eaoh 

engine of multiengine rotororaft; however, separate fuel tanks for eaoh engine 
are not required. 

(2) If a single tank is used to feed more than one engine, § 27.953(b) 
speoifies: 

(1) That independent fuel tank outlets be provided to eaoh engine, 
each having a shutoff valve. 

(ii) At least two vents for the tank located to minimize the 
probability of both vents beooming obstructed simultaneously. 

(iii) Filler caps designed to minimize the probability of incorrect 
installation or in-flight loss. 

(iv) That fuel supply from each tank outlet to any engine be 
independent of fuel supply to other engines. 

b. Prooedure. 
(1) The purpose of § 27.953(a) is to ensure an independent fuel supply 

system for eaoh engine on multiengine rotororaft. Unlike the corresponding 
regulation for Category A, Part 29 helicopters, separate fuel tanks are not 
required. 

(2) The assessment of an independent fuel supply system for eaoh engine 
would begin at the fuel supply plokup point within the tank and continue to the 
engine fuel inlet at the engine. 

(3) If supply line crossfeed capability is included as a feature, care 
must be exercised to ensure that the opening of the orossfeed does not jeopardize 
the continued safe operation of more than one engine. For example, if the 
crossfeed valve is automatically operated by a low pressure signal in the supply 
line for one engine, the possibility that fuel line leakage oould cause opening 
of the orossfeed and jeopardize the continued safe operation of both engines 
should be considered. Similarly, opening the orossfeed valve with a suotion lift 
system should not allow air into the fuel supply line of any engine. 

(4) The independent fuel supply system requirement for each engine is 
for normal fuel system operations. Fuel system designs whioh allow the continued 
safe operation of all engines under expected fuel system component failure 
conditions (for example, a failed boost pump) by using common fuel flow paths 
under failure conditions are not prohibited. 

828 
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(5) In § 27*953(b), the phrase "if a single fuel tank is used," is 

intended to mean if a single fuel tank is used to feed more than one engine. 
This interpretation is needed in order to preolude, for example, a triengine 
design with two fuel tanks where two engines draw fuel by independent means from 
one tank, but only one vent is provided for that tank. This design would clearly 
violate the intent of § 27.953(b)(2) to assure that two vents be supplied if fuel 
is drawn by more than one engine from a single tank. 

(6) If a single fuel tank is used to supply fuel to more than one 
engine: 

(1) There should be independent tank outlets for eaoh engine, eaoh 
inoorporating a shutoff valve at the tank. The phrase, "at the tank," has 
rightfully been interpreted to allow the firewall shutoff valve, which may 
actually be some distanoe from the tank itself, to be used to show complianoe 
with § 27.953(b)(1). Section 27.953(b)(1) speeifioally allows the shutoff valve, 
if located at the tank, to serve as the firewall shutoff valve provided the line 
between the valve and the engine compartment does not contain a hazardous amount 
of fuel that oan drain into the engine oompartment. 

(11) There should be at least two vents arranged to minimize the 
probability of both vents becoming obstructed simultaneously. Typically, the 
means used to prevent simultaneous obstruction is physioal separation. The 
blockage or malfunction of any vent should not jeopardize the oontinued safe 
operation of more than one engine. 

(iii) The filler oap(s) for the tank should be designed to minimize 
the probability of inoorreot installation or in-flight loss. Usually, there 
should be only one way to install and lock a fuel cap; if more than one way is 
possible, either method should provide the positive sealing to avoid spillage. 
Minimizing the probability of in-flight fuel loss would inolude the ability to 
visually determine that the cap is properly Installed and looked prior to flight. 

(iv) Seotion 27.953(b)(4) simply clarifies that if a single tank is 
used to feed more than one engine, the provisions for independent fuel feed 
systems (reference § 27.953(a)) apply to the engines being fed from that tank. 

450. § 27.955 (through Amendment 27-20) FUEL FLOW, 
a. Explanation. 

(1) Seotion 27.955 is intended to ensure adequate fuel flow to the 
engine(s) at maximum power under the intended airoraft operating oonditlons and 
maneuvers. 

(2) In showing adequate fuel flow, the rule provides— 
(i) That the fuel be supplied within the appropriate engine fuel 

pressure range; 

Chap 2 
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(11) That the test be oonduoted with minimum fuel onboard, 

consistent with test safety; and 
(Hi) That operation with both main and emergenoy pumps be oonsidered. 

(3) Section 27.955(b) speoifles that if an engine oan be supplied with 
fuel from more than one tank, the fuel system must feed promptly when fuel 
becomes low in one tank and another tank is seleoted. 

b. Procedure. 
(1) Testing (inoluding benoh tests) has been the aooepted method to 

show compliance with § 27.955(a). Analytical techniques may be used to adjust 
the system test results to various fuel oonditions and flows or to account for 
minor modifications to a system. A purely analytical approach is not generally 
acceptable. 

(2) Methods to adjust the test data for different fuel properties and 
flows should be verified by limited testing. 

(3) If a suction lift system is used and hot fuel verification is 
involved, testing is appropriate. 

(4) The proper interpretation of the phrase "100 peroent of the fuel 
flow required under the intended operating conditions and maneuvers" may inolude 
consideration of aooeleration fuel flow in addition to the steady-state fuel flow 
requirement. 

(i) For example, if on a single-engine helioopter on a cold-day 
takeoff, engine torque is the limiting parameter, the steady-state fuel flow 
demand corresponding to that torque may be exoeeded during engine aooeleration in 
manuevers. 

(ii) In addition to the consideration of aooeleration fuel flow, 
good design would include some margin to account for possible inadvertent 
overtorque. 

(5) For multiengine rotorcraft, adequate fuel flow under OEI oonditions 
should be assured in the oritioal fuel system configuration. 

(i) If on a multiengine rotororaft. it is acceptable to operate 
following an engine failure in more than one fuel system configuration (for 
example, if orossfeed is an acceptable mode) then the supplying of two engines 
through common components may be more oritioal than the OEI oondition. 

(ii) In verifying satisfactory fuel system operation for OEI 
oonditions, the fact that the remaining engine may go to the gas producer speed 
topping limit fuel flow rather than to the steady-state OEI power value should be 
assessed. 

830 
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(6) Adverse transient and steady-state maneuver loads should be 
considered sinoe the g-loading experienced may tend to decrease the fuel inlet 
pressure below allowable limits. 

(7) In assuring adequate fuel flow at the necessary engine inlet 
pressure (§ 27.955(a)(1)), both hot and cold fuel would normally be evaluated for 
the suction lift system, whereas cold fuel is usually more critical for the 
boosted pressure system. 

(8) The method of specifying the fuel inlet pressure requirements 
varies with the engine model. Some of these include: 

(i) Specifioation of a gage pressure as a function of altitude for 
suction system operation. The particular fuel and fuel temperature for 
demonstrating the oriteria may be speoified in the engine documents. Other 
approved fuels, fuel temperatures, and boost-pump-on operation are considered 
satisfactory if the demonstration with the speoified fuel is successful. 

(ii) Specification of a maximum allowable vapor-to-liquid ratio for 
hot fuel, and minimum absolute pressure as a funotion of altitude for cold fuels. 

(iii) Specification of a fuel inlet pressure relative to the true 
vapor pressure of the fuel, in combination with a maximum allowable 
vapor-to-liquid ratio. 

(iv) Specification of separate pressure limits for boost-on and 
suction lift operation. 

(v) Specification of speoial limits for emergenoy use or emergency 
fuels. 

Chap 2 
Par 450 831 



AC 27-1 8/29/85 
(9) Because the various methods of specifying the engine inlet fuel 

pressure requirements are sometimes related to fuel temperature and altitude, it 
is often necessary to explore the extremes of the envelope to assure oomplianoe 
rather than attempting to seleot one oritioal oondition. Additionally, the rapid 
increase in fuel viscosity at colder temperatures, whioh tends to signifioantly 
inorease system pressure drop, oan more than offset a slight drop in required fuel 
flow suoh that the oritical fuel inlet conditions may not be experienced at 
maximum engine fuel flow. Figure 450-1 illustrates the point. 

(i) Point (8) on figure 450-1 is the highest fuel flow within 
airoraft limitations, but the system pressure drop is not expected to be maximum 
beoause of the low kinematio fuel vlsoosity. 

(ii) Point (§) is the maximum flow at oold temperatures but as the 
fuel temperature is further reduoed, the fuel vlsoosity increases very rapidly. 

(Ill) Point © represents the maximum vlsoosity of the fuel, but the 
fuel flow is somewhat reduoed from Point (D . The maximum system pressure drops 
and therefore minimum fuel inlet pressure may oocur between points (g) and © 
depending on the speoific relationship of fuel viscosity to required fuel flow. 

(iv) A conservative demonstration would oonsider the maximum 
allowable fuel vlsoosity in combination with the maximum fuel flow. Otherwise, 
several test points may be required. 

Chap 2 
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(10) For those systems which specify a minimum V/L ratio, the methods 

provided in Aerospace Recommended Practice (ARP) 492 published by the Society of 
Automotive Engineers are acceptable in evaluating test results. 

(11) Since the lower quantity of fuel in the tank will reduce the 
hydrostatic head and thus the fuel inlet pressure, § 27.955(a)(2) specifies that 
the quantity of fuel in the tank should be minimum. 

(12) Section 27.995(a)(3) specifies that each main and emergency pump be 
evaluated. If it can be determined which pump and flow path is critical, only 
that configuration would be tested. Similarly, for suction fuel systems, the 
critical flow paths and flow requirements should be evaluated. If pumps are 
required to supply the necessary fuel, § 27.1305(c) would require a fuel pressure 
indicator and § 27.1549 would require a red radial at the minimum safe operating 
fuel pressure for any fuel or fuel usage condition. This pressure limit should be 
used to determine compliance with § 27.955(a)(1) for all operations. 

(13) Section 27.955(b) requires the fuel system to feed promptly when 
fuel becomes low in one tank and another tank is selected. This requirement is 
important because momentary fuel flow interruption must be expected to result in 
complete power failure and, for single engine rotorcraft, an emergency landing. 

451. RESERVED. 
452. § 27.959 UNUSABLE FUEL SUPPLY. (RESERVED) 
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a. Explanation. 
(1) Seotion 27.961 speolfies that a hot fuel test be oonduoted on 

suction lift systems, and on other fuel systems conducive to vapor formation, to 
ensure that the system is free from vapor look at a fuel temperature of 110 °F 
under critical operating oonditions. 

(2) Pressure boosted systems would not ordinarily require hot fuel 
tests unless— 

(1) There are high points in the fuel system which would allow 
accumulation of vapor; or 

(ii) The engine fuel inlet pressure is negative relative to tank 
pressure beoause of low boost pump pressure or high fuel system pressure losses 
(but still within fuel pressure limits). 

(3) The requirement to use 110 °F fuel is a carryover from the 
recodification of CAR Part 6, although the use of hotter fuel would tend more 
toward vapor formation. 

(4) The term "vapor lock" means a change in normal engine operation as 
a result of the formation of fuel vapor-air mixtures in the fuel feed system. 

b. Procedures. 
(1) The fuel type to be used should be that with the highest true vapor 

pressure (TVP) at the 110 °F condition. 
(2) The fuel should be heated as rapidly as possible since the longer 

fuel is heated the more vaporization occurs resulting in unconservative test 
results. 

(3) If the test is performed at oool ambients, the fuel lines, tanks, 
etc., may have to be insulated to ensure that the fuel inlet temperature Is 
approximately the same as would be experienced on a hot day. 

(4) The fuel level should be the lowest consistent with test safety. 
(5) The flight tests to the service oeiling should inolude maximum 

power olimbs to seleoted intermediate altitudes where various maneuvers including 
the following are performed: 

(i) Low power desoent with rapid transition to takeoff power. 
(ii) Turns and cyolio pull-ups with load factors oomparable to the 

flight strain survey. 

834 (thru 840) 
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(111) For multiengine rotororaft with 30-minute and/or 2.5-minute OEI 

power ratings, oonduot a rapid single-engine acceleration from low power to engine 
topping power followed by oruise at the maximum allowable OEI power. 

(6) The flight test maneuvers should be repeated at the servioe ceiling. 
(7) Exoept for transients and desoents, the power available used should 

correspond to a 100 °F sea level day lapsed 3*6 °F/1,000 foot pressure altitude. 
(8) Engine operation throughout the test should be normal; i.e., no 

surge, stall, flameout, e t c , and the engine fuel inlet requirements should not be 
exceeded. 

(9) Alternative tests on appropriate test rigs may be oonduoted 
ensuring proper simulation of altitude, ambient temperature, fuel temperature, 
fuel flow, and load faotors. 
454. § 27.963 (through Amendment 27-20) FUEL TANKS: GENERAL. 

a. Explanation. 
(1) Paragraph (a) sets forth general requirements for fuel tank 

structural aspeots. 
(2) Paragraph (b) requires design features to reaot foroes to be 

expeoted from fuel surging due to accelerations of the rotororaft. 
(3) Paragraph (c) requires design features to ensure heat transfer from 

an engine compartment fire will not jeopardize the fuel tank integrity. 
(4) Paragraph (d) requires design features to minimize the hazards of a 

leaking fuel tank and also requires design features to ensure that unwanted 
transfer of fuel from one tank to another does .not ooour due to differences of 
pressure in the tanks. 

b. Prooedures. 
(1) For paragraph (a), the tests of § 27.965 are normally adequate if 

performed in oonJunction with the reliability test of S 21.35 or other servioe 
simulation tests. 

(2) For paragraph (b), internal or external stiffening may be required 
for surge resistance. If the analysis provided to show the adequaoy of the surge 
resistance is questionable, the slosh and vibration tests of $ 27*965 may be 
aooepted as substantiation of this requirement. 

(3) The fuel tank olearanoe required by paragraph (o) may be determined 
by inspection of the design. 

(4) The ventilation and interoonneot requirements of paragraph (d) may 
usually be determined by flight tests whioh explore maximum rates of olimb and 
desoent with sensitive pressure measuring equipment installed inside tanks and in 
the ventilation airspaoes provided to comply with this rule. 
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a. Explanation. This regulation defines the tests that must be 
aooomplished to show oomplianoe for rotororaft fuel tanks* 

(1) Four basio types of fuel tanks are: (1) a metal tank installed in 
the airoraft or at the wing tip; (2) an integral tank; (3) a nonmetallic 
self-supporting tank (fiberglass); and (4) nonmetallio flexible bladder-type 
tanks. 

(2) There are two basic tests required by the regulations. One test 
procedure substantiates the design by tests and analysis by applying applicable 
pressure to the tank. The other prooedure substantiates the design by vibration 
and slosh tests of the tanks. 

b. Procedures. 
(1) Pressure Test. The 3.5 or 2.0 psi pressure test listed in the 

regulations should be oonduoted unless the presssure with a full tank for maximum 
limit acceleration or emergenoy acceleration is greater. Seotion 27*337 gives 
the value for the limit acceleration. 

(2) Vibration and Slosh Tests. 
(i) There is not an absolute value of what constitutes "large" 

unsupported or unstiffened flat areas. However, it has generally been considered 
that any fuel tank with less than 10 gallons capacity, constructed with simple, 
wide, flat geometrio shape and using metal (in metal tanks) of 0.05-inoh 
thiokness or greater would not require tests in accordance with § 27.965(d). 
Using this basis, a 14- by 14- by 14-inch properly constructed tank would not 
require vibration and slosh tests. 

(ii) If the tank construction is of a metal or integral design whioh 
can be shown to be similar to previously approved tanks with aooeptable servioe 
history, the vibration and slosh tests may not be required. Similarity would 
entail comparing the construction technique; i.e., similar panel size, similar 
sealing methods, skin and angle thiokness, loads being slmiliar, etc. 

(iii) For fuel tanks located in the sponson or stub wing, the entire 
sponson or wing should be rooked and vibrated unless it oan be determined that a 
certain portion of the tanks is critical. In this case a fixture should be 
developed suoh that the portion of the tank being tested is rooked about a pivot 
point whioh would produce the same amplitudes of motion for the portion of the 
tank being tested, as if the whole sponson or wing was being tested. Struoture 
loads in oonjunction with these tests have not been required. 
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(iv) The amplitude of vibration speoified in the regulation is 
double amplitude (peak to peak). Vibration amplitudes less than one 
thirty-second of an inch must be Justified by instrumented tests of the tank 
installed in the airoraft. 

(v) The vibration and slosh prooedures listed in Military 
Specification, MIL-T-6396, have been aooepted to show compliance with S 27.965(d). 

(3) After all tests have been oonduoted, the tanks should be leak 
checked using test fluid conforming to Federal Specification TT-S-735 type III or 
equivalent. 
456. RESERVED. 
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a. Explanation. 
(1) Space must be provided in eaoh fuel tank system to allow for 

expansion of the fuel as a result of a fuel temperature increase. The spaoe 
provided for this purpose must have a minimum volume equal to 2 percent of the 
tank capacity. 

(2) The fuel tank filling provisions must be designed to prevent 
inadvertent filling of the fuel tank expansion spaoe when fueling the rotororaft 
in the normal ground attitude on level ground* 

b» Procedures* 
(1) Fuel tanks with interoonneoted vents need not have provisions for 

fuel expansion in eaoh tank if equivalent expansion provisions are available in 
another area* 

(2) The fuel filler ports should be looated below the designated fuel 
expansion spaoe height to ensure that the fuel expansion spaoe oannot be 
inadvertently filled with fuel* 

(3) Eaoh fuel tank expansion spaoe must oomply with the venting 
requirements of $ 27*975. 

(1) For multiengine rotororaft using a single expansion tank to satisfy 
the requirements of this regulation, the effeot of blockage or failure of any vent 
from this common tank must be oonsidered with respect to compliance with the 
applicable engine isolation requirements* 

844 (thru 846) 
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a. Explanation. 
(1) Eaoh fuel tank must be provided with a dralnable sump whioh is 

located at the lowest point in the tank with the rotororaft in a normal ground 
attitude. 

(2) The main fuel supply to any engine may not be drawn from the bottom 
of any fuel sump. 

(3) Eaoh fuel sump drain must oomply with the requirements of S 27.999. 
b. Prooedures. 

(1) Eaoh fuel sump should have an effeotive oapacity whioh is not less 
than 0.25 peroent of the tank oapaoity or 1/16 gallon, whiohever is greater, with 
the rotorcraft in any ground attitude to be expeoted in servioe. This sump 
oapaoity will provide a level of safety equivalent with other normal category 
aircraft (ref. § 23.971). 

(2) Demonstration of oomplianoe with the minimum sump oapacity 
requirements may be shown by analysis, test, or a combination of both depending on 
the complexity of the fuel system design. 

(3) If minimum sump oapaoity is to be demonstrated by test, the 
following general test prooedures will produce aooeptable results: 

(1) Determine the most oritioal ground attitude to be expeoted in 
servioe from suoh considerations as uneven terrain, slope landing limits, eto. 
The oritioal attitude for eaoh tank will be that for whioh the maximum amount of 
fuel can be withdrawn from the tank using the rotorcraft's fuel supply system. 

(ii) Using a rotororaft with a fuel system whioh oonforms to the 
final design speoifloation, position the rotorcraft to the critical attitude for 
the tank to be tested using leveling Jacks, actual terrain of a predetermined 
slope, or other similar means. 

(iii) Using the rotorcraft*s fuel supply system, pump fuel from the 
tank being tested until the supply system will no longer withdraw fuel* This oan 
be done without the rotororaft engine actually running unless an engine driven 
pump is an essential oomponent of the fuel supply system. Caution should be 
exercised If an engine is to be run to fuel exhaustion slnoe engine surge at the 
pump oavitation point oan result in damaging torsional loads in the transmission 
drive system. 

Chap 2 
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(iv) When no more fuel can be removed from the tank with the 

rotororaft fuel supply system, return the rotorcraft to a normal ground attitude. 
Completely drain the sump of the tank or tanks being tested into a container and 
measure the volume drained from eaoh sump. The volume measured must satisfy the 
minimum oapaoity requirements of paragraph 458b(l). 

459. § 27.973 (through Amendment 27-20) FUEL TANK FILLER CONNECTION. 
a. Explanation. Fuel tank filler connections must be designed so that no 

fuel can enter into any part of the rotororaft other than the fuel tank during 
fueling operations. Spilled fuel must be considered as well as fuel entered into 
the fuel filler port. 

b. Procedures. 
(1) Eaoh fuel filler opening must be identified with the markings and 

placards required by § 27.1557. 
(2) Eaoh filler cap should provide a fuel-tight seal for the main 

filler opening unless the fuel tank is vented through a small opening in the 
filler cap. 

(3) Each fuel filling point should have a provision for electrically 
bonding the rotorcraft to ground fueling equipment. 

(4) Compliance with the requirements of this paragraph oan normally be 
demonstrated by analysis and physical inspection of the fuel filler design. 
Testing is not normally required. 

460. § 27.975 (through Amendment 27-20) FUEL TANK VENTS. 
a. Explanation. 

(1) Eaoh fuel tank for whioh an expansion spaoe is required per 
$ 27*969 must be vented from the top part of the expansion space. 

(2) Fuel tank vents must be designed to minimize the probability of the 
vent being restricted or completely clogged by dirt or ice. 

(3) Vents of fuel tanks having interconnected outlets must be 
lnteroonneoted as required per § 27.963* 

b. Procedures* 
(1) There should be no point in any vent line where moisture can 

aooumulate with the rotororaft in the ground attitude or level flight attitude 
unless drainage is provided* 
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(2) Eaoh vent should be eonstruoted to prevent siphoning of fuel during 

any normal operation. 
(3) No vent line or drainage provision should be terminated at a point 

where the discharge of fuel from the outlet would constitute a fire hazard or from 
which fumes could enter any personnel compartment. 

(4) The vent system capacity and installed configuration should 
maintain acceptable differences of pressure between the interior and exterior of 
tank. Analysis and/or flight testing may be required to demonstrate this 
oapability depending on the fuel system design. If flight testing is required, 
the following flight test prooedure is one method of verifying proper vent system 
operation. 

(i) Using a rotororaft with a fuel tank and vent system whioh 
conforms to produotion design specifications, Install differential pressure 
instrumentation whioh will measure the differenoe between the gas pressure inside 
eaoh fuel tank expansion space and the air pressure in the oavity or area 
surrounding the outside of the fuel tank. 

(ii) Conduot ground and flight tests recording the differential 
pressures between the inside and the outside of the fuel tanks. The following 
conditions should be evaluated. 

(A) Refueling and defueling (if applicable). 
(B) Level flight to V N E . 
(C) Maximum rate of ascent and descent. 

(iii) Compare the measured differential pressure values with the 
maximum allowable for the fuel tank design being evaluated. For flexible bladder 
type fuel cells, the pressure inside the tank should not be signifioantly less 
than the surrounding pressure to avoid the possibility of oollapsing the bladder. 
461. § 27.977 FUEL TANK OUTLET. (RESERVED) 
462.-482. RESERVED. 
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850 (thru 872) 
Chap 2 
Par 483 

SECTION 27. FUEL SYSTEM COMPONENTS 
483. S 27.991 (through Amendment 27-20) FUEL PUMPS. 

a. Explanation. 
(1) Seotion 27.991(a) provides a definition of the main pump(s) and 

§ 27.991(b) requires an "emergency pump(s)." The main pump(s) that is certified 
as part of the engine does not fall under § 27.991 requirements. The main pump(s) 
discussed under § 27.991 should therefore be considered the "main aircraft 
pump(s)." 

(2) The main aircraft pump(s) consists of whatever pump(s) is required 
to meet engine or fuel system operation throughout the range of ambient 
temperature, fuel temperature, fuel pressure, altitude, and fuel types intended 
for the rotorcraft. If the main aircraft pump(s) is required to meet the above 
criteria, then an emergenoy pump(s) is required. Airframe supplied pumps intended 
for use during engine starting only are not considered to be main alroraft pumps 
and do not require emergenoy baokup pumps. 

b. Procedures. 
(1) Each pump classified as a main aircraft pump, whioh is also a 

positive displacement pump, must have provisions for a fuel bypass. An exception 
is made for fuel injeotion pumps used on oertain reoiprocating engines and for the 
positive displacement, high pressure, fuel pumps routinely used in turbine 
engines. The bypass may be accomplished via internal spring check valve and fuel 
passage or by external plumbing and a check valve. High capacity positive 
displacement pumps with internal pressure relief and recirculation passages should 
be checked for overheating if they may be expected to operate continuously at or 
near 100 peroent recirculation. 

(2) Seotion 27.991(b) specifies a requirement for "emergency" pumps to 
provide the neoessary fuel after failure of any (one) main aircraft pump. 
(Injection pumps and high pressure pumps used on turbine engines are exempt.) To 
ensure adequate pressure, the "emergenoy" pump should produoe 100 peroent of the 
engine flow requirement. In addition, to allow for pump or fuel system 
deterioration or possible filter impediments, 125 peroent of takeoff flow at 
minimum pressure should be provided by the "emergenoy" pump. As stated in this 
rule, the "emergenoy" pump must be operated continuously or started automatically 
to ensure continued normal operation of the engine. For some multiengine 
rotorcraft, another main aircraft pump may possibly be used as the required 
"emergenoy" pump. In this oase, the dual role of this pump requires it to have 
capacity to feed all engines at the oritioal pressure/flow oondition. 
Availability of fuel flow from this baokup pump must be automatic and this 
funotion should be verified in the preflight check procedure. The flight or 
ground crew should be provided with a means to determine that a main pump failure 
has ooourred so that it oan be replaoed in a timely manner. 
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b. Engine cooling fan protection. 

Chap 2 
Par 398 761 

(1) Explanation. Section 27.903(b) is Intended to provide safety to 
the rotorcraft in the event of an assumed cooling fan blade failure or to 
prescribe a test to show that the oooling fan blade retention means is sufficient 
that blade failure is not a consideration. 

(2) Prooedure. The applicant may seleot § 27.903(b)(1), (b)(2), or 
(b)(3) to show oomplianoe with this seotion. If § 27.903(b)(1) Is selected, a 
demonstration should be oonduoted to show that at the maximum fan speed to be 
expected, a failed blade is oontained within a housing or shroud whioh is 
Included in the proposed type design and designated by the applicant as the 
containment shield. The rotational speed required may be related to an overspeed 
limiting device or to the maximum transient speed to be expected from analysis or 
test of the system or component which drives the fan. For components driven 
directly by the engine, output shaft disconnect and the subsequent terminal speed 
of the engine may set the test condition. To oonduot an overspeed blade failure 
containment demonstration, applicants have found it convenient to progressively 
weaken a blade to induce failure at or above the required demonstration speed. 
Blade failure may be expeoted to subsequently fall some or all of the remaining 
blades. This condition, provided all blades are oontained, is aooeptable for 
showing compliance with this rule. However, the corresponding loss of oooling 
may be unaooeptable if it causes the loss of any function essential to a 
controlled landing. 

(3) Section 27.903(b)(2) may be selected; however, without oontainment, 
damage to any component or struoture in the plane of the fan rotor or any other 
trajectory to be expeoted should not cause the loss of any function essential to 
a controlled landing. 

04) If § 27.903(b)(3) is selected, a spin test at 122.5 peroent of the 
maximum speed associated with either engine terminal speed or an overspeed 
limiting devioe would be aooeptable to show oomplianoe. Mo failure should occur 
and distortion should not result in fan element contact with housings or other 
adjacent components. (Note: 150 percent of the oentrifugal foroe is achieved at 
122.5 peroent of the rotational speed.) 

o. Turbine Engine Installation. 
(1) Explanation. The certification of turbine engines and 

particularly, the qualification of turbine rotors, assumes that the limitations 
established during these certifications will be aoourately and rigorously 
observed during ground and flight operations in an airoraft. This paragraph is 
Intended to promote this concept. 

(2) Procedure. Primary engine limitations in the form of time, gas 
temperature, torque, and rotational speed and their corresponding allowable 
transient values are defined in the approved engine installation manual. The 
rotororaft manufacturer must provide reliable, accurate means to assure that 
these limitations are not exceeded. These means may be In the form of automatio 
limiters or by crew monitoring of appropriately marked instruments. The FAA 
powerplant certification engineer and the rotorcraft manufacturer's staff should 
verify these aspects by: 
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(1) Evaluating all applicable instrument, Indicator, or warning 

devices, including transmitters, and limiting devioes, if any, for system 
tolerances. 

(ii) Closely reviewing the component qualification reports of items 
in 398o(2)(1) above to verify that these devioes are properly qualified and that 
any deviations are aooeptable. 

(iii) Assuring that maintenance data is provided for functional 
checks and calibration of instruments and devioes which are used to monitor or 
proteot oritioal turbine rotor limitations. Preflight checks for automatic 
limiter devices may be appropriate. 

(iv) Verifying that instrument markings are olear and relatively 
simple, that corresponding flight manual Instructions and descriptions are 
straightforward and complete, and instruments are located and orientated to 
minimize the probability of reading error. 

762 
Chap 2 
Par 398 



8/29 /85 AC 27-1 

a. Explanation. Seotion 27.901 la Intended to require the design of the 
rotor drive system, inoluding the engine, to be free from harmful vibration. A 
vibration investigation is required. 

b. Prooedure. Review Order 8110.9, Handbook on Vibration Substantiation 
and Fatigue Evaluation of Helioopter and other Power Transmission Systems. Note 
that the meohanioal coupling of the engines to the rotor drive system oreates, 
for torsional vibration considerations, one, rather complicated, drive system 
which responds to any foroed or resonant frequenoy. Antinodes or nodes and 
frequencies may exist in the engine shaft whioh are absent when the engine is 
operated on a test stand; therefore, the vibration investigation conducted under 
Part 33 is not conclusive with respect to torsionals. As noted in Order 8110.9, 
the engine manufacturers' assistance is neoessary to find compliance. 
Seotion 27.571 was amended by Amendment 27-12 to include "rotor drive systems 
between the engines and the rotor hubs" as part of the flight structure. This 
rule supplements § 27.907 and requires coordination with the structures 
certification engineer to avoid duplication of effort by the rotororaft 
manufacturer. Advisory Ciroular 20-95, whioh provides acceptable methods of 
complianoe with § 27.571, may also be used to find compliance with § 27.907. 
In addition to basio drive system components such as main and auxiliary rotor 
drive shafts, the vibratory evaluation should include couplings, gear teeth, gear 
oases and splines, and should consider, where appropriate, low cyole fatigue 
associated with ground-air-ground cycles. 
UO0.-120. RESERVED. 

Chap 2 
Par 399 763 

399. § 27.907 (through Amendment 27-20) ENGINE VIBRATION. 



AC 27-1 8/29/85 

422. § 27.921 (through Amendment 27-19) ROTOR BRAKE. 
a. Background. Rotor brake safety requirements are Intended not only to 

prevent adverse effects on aircraft performance due to brake drag but also to 
minimize the possibility of fire. These fires, caused by friotion from a 
dragging rotor brake, have oocurred both in flight and during ground operation 
with extremely hazardous oonsequences. 

b. General. This rule requires (1) that any limitations on the use of the 
rotor brake must be established, and (2) that the oontrol for the brake must be 
guarded to prevent inadvertent operation. 

c. Limitations. 
(1) The limitations on the use of the rotor brake should first be 

defined by the applicant and will normally consist of merely the maximum speed 
eligible for application of the brake. In some installations, other limitations 
associated with engine operation may be specified. 

(2) Control guard mechanisms to prevent inadvertent operation may be 
conventional. A cookpit evaluation of the guard should be conducted by flight 
test personnel to affirm the function of the guard, that markings, if any, are 
adequate, and that both latched and unlatched positions of the guard do not 
interfere with other cookpit functions. 

d. Other rules require both generalized and specific rotor brake 
qualification tests. However, some significant aspects of brake safety tests are 
listed below for reference. 

(1) Routine application of the brake at shutdown during the endurance 
test of § 27.923 and during the function and reliability tests of § 21.35. 

(2) Torsional vibration loads in the rotor drive system and oscillatory 
loads In the brake components during a critical brake engagement prooedure should 
be determined with appropriate consideration in the fatigue evaluation for these 
components. Brake engagements should be conducted with and without collective 
oontrol displacement as authorized by the flight manual or a training manual. 

(3) Brake component temperature measurements during a critical brake 
application in conjunction with an evaluation of the general brake compartment 
for compliance with § 27.863. 
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(4) Placards, decals, and flight manual limitations and instruotions 

appropriate to operate the rotor brake safely. 
(5) An evaluation for hazardous failure modes as required by 

$ 27.1309(b). If the brake hydraulio system is integral with the rotororaft 
hydraullo system, failure modes of pressure regulators and control valves will be 
of interest. Mechanical cams, calipers, and levers may be prone to seize or fail 
to release the brake due, in part, to oorrosion and laok of lubrication to be 
expected when brake components enoounter high temperature cycling. 

e. Maintenance manuals should be oheoked for completeness in the areas of 
wear limits for both puoks and disks, for disk warp limits, and for defects which 
induoe brake ohatter. Also, maintenance data to check for proper funotion of 
pressure modulating/relief devices should be inoluded sinoe mlsadjustments of 
this devloe oan amplify the stresses and temperatures in the system. 
423. S 27.923 ROTOR DRIVE SYSTEM AND CONTROL MECHANISM TESTS. (RESERVED) 
424. S 27.927 ADDITIONAL TESTS. (RESERVED) 
425. S 27.931 SHAFTING CRITICAL SPEED. (RESERVED) 
426. § 27.935 SHAFTING JOINTS. (RESERVED) 
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a. Explanation. This seotion requires evaluation of engine operation, 
engine inlet airflow distortion, and engine/drive system torsional stability. A 
satisfactory rotororaft design for all three items should be established by the 
manufacturer early in his development program since changes in design to satisfy 
these requirements are typically very expensive and will adversely impact other 
basic design features. The results of these evaluations are used to verify that 
FAA-approved Engine Installation Manual requirements are satisfied. 

b. Procedures. 
(1) Turbine engine operation. 

(i) Explanation. Smooth, stable operation of turbine engines is 
essential to safety and control of rotorcraft. This oan be adversely affected by 
rotorcraft maneuvers, turbulence, high altitude, temperature, airspeed, and 
installation features such as the engine air inlet duct, exhaust duct, and the 
location with respect to other airframe items which induoe or influence air flow 
through the engine. Powerplant control displacement rate can also be a faotor, 
although most modern engines incorporate internal protection for this aspect. The 
engine's tolerance to these factors is reflected as the "stall margin" which is 
established by the engine manufacturer through design and test. However, this 
stall margin is applicable only to an engine with a specified inlet and exhaust 
and at specified altitude, temperature, and effective airspeed. Typically, the 
specified engine inlet duct is a symmetrical bellmouth and the exhaust is a short 
straight duct of specified diameter and length. The stall margin, even under the 
above test oonditions, usually varies with engine power, acceleration or 
deceleration, compressor air bleed, and acoessory power extraotion. 

(ii) Procedure. The official flight test plan should inolude 
requirements to Investigate the engine operating characteristics for stall, surge, 
flameout, acceleration and deceleration response, and transient response (within 
approved limits) throughout the operating range of the rotororaft. This should 
include maximum airspeed-sideslip combinations, power recoveries, hover with wind 
from all azimuths and other maneuvers appropriate to the type. Recirculation of 
exhaust gases during hover can be oritioal for engine operation. Particular 
attention should be given to flight/operating conditions which oan be judged 
critical from review of data on engine inlet pressure and temperature distribution 
patterns and engine stall margin data if available. High altitude has typically 
been critical for these tests and rearward flight at high altitude has resulted in 
unacceptable thermal distortions in the inlet due to reingestion. Stall, surge, 
or flameout whioh may be hazardous is unacceptable; i.e., oauses loss of engine 
function, loss of control, severe torsional shook through the rotor drive system, 
or otherwise damages the rotorcraft. 

(2) Vibration. 
(i) Explanation. Engine airflow patterns are deflected or distorted 

by the presence of airframe inlet hardware, cowling, fuselage panels, and, to a 
degree, in almost all flight regimes. Additional items such as airframe installed 
particle separators, defleotors for snow, ice, or sand protection, and 
obstructions forward of the engine inlet, suoh as a hoist kit, could affect the 
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engine air flow patterns. The rotating elements of the engine, particularly the 
compressor blades, will be subjected to a cyclically varying air flow as these 
elements move into and out of areas of deflected airflow to the engine. A 
corresponding aerodynamlo load will be imposed on these engine elements. Sinoe 
this loading is also cyclic, the possibility of critical frequency coupling with 
an engine component shall be investigated. 

(ii) Procedure. Typically, this evaluation would involve 
installation in the engine inlet of a speoial multiple probe, total pressure 
sensing system, and flight testing whioh largely follows that presoribed for 
evaluation of engine operating characteristics as described above. Data from 
these tests can be reduced to create a pressure map at the compressor inlet face 
whioh, in conjunction with compressor speeds, may be used to determine the 
frequencies and relative amplitudes of the oyolio air loading imposed on the 
engine compressor blades. The engine manufacturer either supplies the sensing 
probe or speoifies its design and performance. Also, the engine manufacturer may 
evaluate the test results or publish acceptance criteria. A wave analysis may be 
Involved in identifying higher order exaltations. Engine exhaust ducts which 
inolude bends, noise suppressors, or other obstructions may require an evaluation 
similar to that discussed above for the engine inlet. The engine manufacturer 
should be consulted for instructions or approval of this aspect. High performance 
engines may also require an engine inlet temperature survey* Details of 
instrumentation and acoeptanoe criteria should be provided by the engine 
manufacturer. Engines equipped with only centrifugal compressors are less likely 
to encounter frequency ooupling and may not require this investigation. The 
engine manufacturer's recommendations should be followed in these oases. 

(3) Torsional Stability. 
(i) Explanation. Governor-controlled engines installed in 

rotororaft are subject to a fuel oontrol resonant feedbaok oondition whioh could 
be divergent if not properly designed or compensated* This oondition 
occurs when the response frequency of the governor on the engine Is coincident 
with or close to a low order natural torsional frequency of the rotororaft rotor 
drive system. Typically, these frequencies appear in the 3 to 5 CPS range. The 
manufacturer usually resolves torsional instability problems by introducing 
damping into the engine governor/fuel oontrol. Provisions for this change must be 
supplied by or approved by the engine manufacturer. The final configuration may 
be a compromise between a lightly damped control, which will allow a positive but 
slow convergence of drive system torsional oscillations, and a highly damped 
oontrol whioh exhibits exoessive rotor speed droop or overspeed following 
rotorcraft oollective oontrol displacement. 

(ii) Prooedure. A ground and flight test program should be devised 
to evaluate the torsional response of the engine and drive system combination 
presented by the applicant. Instrumentation to record drive system torsionals 
should be applied to all major branohes of the drive system. Engine parameters 
suoh as torque and power turbine speed should be recorded simultaneously with 
drive system parameters. The test program should include ground tie-down 
operation and flight operation aoross a range of engine power and rotor speeds 
while injeoting oontrol inputs as olose to the first order drive system natural 
frequenoy as possible. Mechanical methods of making these inputs are not usually 
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necessary If the desired frequency is in the 3 to 5 CPS range and the 
instrumentation readout confirms that the drive system was actually exoited 
torsionally at its natural frequency. Control inputs should include collective, 
antitorque, and throttle* Also, cyclic inputs may be important on tandem rotor 
rotororaft. The acceptance criteria may be dependent on several items. Among 
these are rotor and drive system fatigue loading, engine power response 
characteristics, limitations established by the engine manufacturer, etc. The 
aooeptanoe criteria are usually stated as a peroent damping (minimum). Typioally, 
1 peroent of oritioal equivalent visoous damping (or greater) is acceptable. In 
effeot, this means that the free vibration response to a oontrol input damps to 
1/2 amplitude in 11 oyoles or less. 
428.-147. RESERVED. 
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a. Explanation. 
(1) The term "fuel system" means a system which includes all components 

required to deliver fuel to the engine(s). This includes, but is not limited to, 
all components provided to contain, oonvey, drain, filter, shutoff, pump, 
jettison, meter, and distribute fuel to the engines. 

(2) Paragraph (a) of this seotion is a general statement of the 
performance requirements for fuel systems and constitutes authority to require 
the fuel system to be adequate notwithstanding oomplianoe with detail 
requirements listed in §§ 27.953 through 27.999 of this subpart. 

(3) Paragraph (b) of this section requires fuel systems to be designed 
so that air will not enter the system under any operating conditions by either 
arranging the system so that no fuel pump can draw fuel from more than one tank 
or by other acceptable means. 

(4) Paragraph (o) of this section sets forth a fuel system performance 
requirement intended to ensure that ice to be expected in fuel when operating in 
oold weather will not prevent the fuel system from supplying adequate fuel to the 
engines. Although fuel system filters and strainers are the items in the fuel 
system most susceptible to clogging from ice particles in the fuel, this 
paragraph requires that the entire fuel system be shown to be capable of 
delivering fuel, initially contaminated with water and oooled to critical iolng 
conditions, to the engine(s). 

b. Prooedures. 
(1) For paragraph (a), the applloant should show oomplianoe with the 

fuel system requirements of this subpart, exoept that if unusual fuel system 
arrangements or requirements exist which are not adequately addressed by these 
subparts, this paragraph may be used as authority to require speoial tests, 
analysis, or system performance needed for proper engine functioning. 

(2) For paragraph (b), review the fuel system design with special 
attention to fuel tank selector valves, orossfeed systems, and multiple tank 
outlet arrangements to ensure that no fuel system configuration will allow air to 
enter the system. For questionable situations, the applicant should oonduot 
ground tests and flight tests as necessary to verify compliance with this seotion. 

(3) Paragraph (c) provides for sustained satisfactory operation of the 
fuel system, with initially ice-oontaminated fuel. Since ice in the fuel system 
is not considered to be an emergenoy oondition, but rather Is an expeoted servioe 
encounter, oomplianoe would not involve the imposition of special rotorcraft 
limitations. Flight manual instructions suoh as land as soon as practicable, 
reduce altitude to some value less than otherwise permitted, reduce power, turn 
on boost pumps, etc., are not appropriate in demonstating compliance. Some 
methods of fuel system Ice proteotion which have been used to show oomplianoe 
follow. 
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(1) Fuel heater. Usually these devices are fuel-to-engine oil heat 

exchangers and are normally located to protect the fuel filter from blockage by 
ioe In the fuel. The adequacy of these devioes should be established. Usually 
this involves generation of a heat balance between heat gained by fuel and heat 
lost by oil using performance data provided by the manufacturers of the fuel-oil 
heater, the oil cooler, the heat rejected by the engine to the oil, e t c A 
minimum oil temperature associated' with the adequacy of the fuel heater may need 
to be established, marked on the oil temperature gauge, and verified to be 
maintained during critical flight conditions. Other unprotected parts of the 
fuel system remain to be evaluated and substantiated for compliance with this 
requirement. 

(ii) Oversized fuel filter. This method may only substantiate the 
fuel filter and, as with the fuel heater method, is incomplete without evaluation 
of the remainder of the fuel system. An icing test of the filter should be 
accomplished. Fuel preparation prooedures and method of testing should follow 
the applicable portion of SAE Aerospace Recommended Practioe (ARP) No. 1401. A 
satisfactory configuration is achieved when a filter is demonstrated to have the 
oapaoity to continue to provide the filtration function, without bypassing, when 
subjected to fuel contaminated by ioe to the degree required by this rule. 
Usually, a delta pressure caution signal for the filter is needed to alert the 
flightcrew that progressive filter blockage is in progress. The oaution device 
setting should be established by test which demonstrates that after illumination 
of the caution signal sufficient filter capacity exists to enable completion of 
the flight. Fuel pressure should not fall below established limits because of 
ice accumulation pn the filter. 

(iii) Anti-ice additives. This method utilizes the properties of 
ethylene glycol to reduce the freezing temperature of water in the fuel. It has 
the advantage- over other methods of protecting all components In the fuel system 
from ioe blockage. Compliance with the rule by this method involves the 
following. 

(A) Eligible additives. PFA-55MB (Phillips Petroleum Co.) and 
additives per specification MIL-I-27868, Revision D, or earlier. Later versions 
of this specification do not require glycerin, whioh may be needed to protect 
fuel tank coatings. 

(B) Compatibility. Both engine fuel system and airoraft fuel 
system should be verified to be chemically compatible with the additive at the 
maximum concentration to be expected in the fuel system. Usually, information on 
eligible system materials can be obtained from the engine manufacturer for the 
engine fuel system and from the additive manufacturer for aircraft fuel system 
materials. 

(C) Adding or blending the additive to the fuel. These 
additives do not mix well with the fuel and indiscriminate dumping of additive 
into the tank will not only fail to proteot the system from ice accumulation but 
likely will damage nonmetallic components in the system. Some fuels may have 
additive premixed in the fuel. If other fuels are to be eligible, a method for 
blending additive into the fuel during refueling must be devised and demonstrated 
to be effective. 
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a. Explanation* This rule outlines design requirements for fuel system 
lines. 

b. Prooedures. 
(1) Compliance is usually obtained by employing routing and clamping as 

desoribed in paragraph 709, Chapter 14, Seotion 2, of AC 43.13-1A and by 
monitoring the arrangement throughout the developmental and certification test 
period. Requirements for approved flexible lines may be resolved by utilizing 
lines listed as TSO C53a approved for installation in either normal or high 
temperature areas as appropriate. The servioe life of TSO C53a approved high 
pressure fuel hoses is not established by regulation. Service life is determined 
by the airoraft manufacturers and Included in their quality control system whioh 
is monitored by the FAA. 

(2) Verify that adequate olearanoe exists between lines and elements of 
the rotororaft oontrol system at extremes of oontrol travel, including oontrol 
deflections and, for flexible lines (hoses), possible variations in routing. 

(3) Flexible lines inside fuel or oil tanks require special evaluation 
to ensure that the external surfaces of these lines are compatible with the fluids 
involved and that fluid sloshing will not cause line failure. Lines inside tanks 
should be routed to avoid impingement by fuel or oil filler nozzles. 

(4) Fuel system lines and fittings located in any area subject to engine 
fire conditions must oomply with the requirements of § 27*1183. 

(5) Compliance with § 27*999 requires that fuel system lines contain no 
low points from sagging or looped routing unless drains are provided whioh will 
completely drain the system with the rotororaft in its normal attitude on level 
ground. 

(6) Good design praotioe suggests that all flammable fluid lines should 
be routed to minimize the possibility of rupture in the event of a crash or from 
engine rotor disc failure. 

Chap 2 
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a. Explanation. Valves must be provided in the fuel supply system to eaoh 
primary and auxiliary powerplant whioh will permit positive fuel flow feeding and 
shutoff from eaoh fuel supply souroe. Although the engine throttle control system 
will provide one positive fuel shutoff means at the engine fuel control, 
additional fuel shutoff valves will normally be required in each fuel supply 
system to satisfy the requirements of paragraph (d) of this rule and § 27.1l89(o). 

b. Procedures. 
(1) The fuel valve oontrol must be located within easy reach of the 

appropriate orewmember and must satisfy the requirements of §§ 27.1141(c) and 
27.1189(b). 

(2) If independent fuel supply sources are provided, the fuel valve or 
valves must allow independent feeding and shutoff of fuel from each supply source. 

(3) Multiengine rotorcraft fuel systems must have fuel valves which 
comply with the requirements of § 27.953(b)(1), 

(4) No fuel valve may be located on the engine side of any firewall. 
Eaoh valve should be supported so that loads resulting from its operation or from 
aooelerated flight conditions are not transmitted to the lines connected to the 
valve. 

(5) If oheok valves are included in the fuel supply system, each check 
valve should be constructed, or otherwise incorporate provisions, to preclude 
incorrect installation of the valve. 
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486, § 27.997 (through Amendment 27-20) FUEL STRAINER OR FILTER, 

a. Explanation. This rule provides for a main in-line fuel filter designed 
to collect all fuel impurities which could adversely affect fuel system and engine 
components downstream of the filter. The rule also requires a sediment bowl and 
drain (or that the bowl be removable for drain purposes) to facilitate separation 
of contaminates, both solid and liquid, from the fuel. This seotion is not 
intended to require installation of the filter between the fuel tank outlet and 
the first fuel system component whioh is susceptible to restricted fuel flow 
beoause of contaminates (suoh as a fuel heater or ice trap equipment). 

b. Procedures. 
(1) The filter should be mounted in a horizontal segment of the fuel 

line to facilitate proper action of the sediment bowl* If the filter is looated 
above the fuel tank, it becomes neoessary to aotivltate a fuel boost pump to 
achieve positive drainage of the filter bowl. Without pump pressure, air may 
enter the fuel system during the filter draining operation and, for turbine 
engines, result In transient power surges or engine failure during subsequent 
engine operation. A flight manual note to require pump(s) to be "on" during 
filter draining would be appropriate. 

(2) Seotion 27.997(d) sets forth a requirement for filter oapaoity. The 
capacity requirement may be substantiated by showing that the filter, when 
partially blocked by fuel contaminates (to a degree corresponding to the indicator 
marking or setting required by § 27.1305(a)), does not impair the ability of the 
fuel system to deliver fuel at pressure and flow values established as minimum 
limitations for the engine. The filter mesh must be sized to prevent passage of 
particulate matter which oannot be tolerated by the engine. Part 33 requires that 
the degree and type of filtration be established for the engine. This 
information, available in the FAA-approved Engine Installation Manual, should be 
the basis for selection of the airframe filter mesh. Although a test may be 
devised and oonduoted, data from the filter manufacturer usually are acceptable to 
verify oomplianoe. Note that when the filter oapaoity is reached, oontlnued flow 
of contaminated fuel may result in engine failure. A flight manual note regarding 
precautionary procedures is appropriate. 

(3) Part 33 (through Amendment 33-6) has an identioal requirement for a 
fuel filter for engine fuel systems; however, it is not intended that two filters 
should be required. 
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a* Explanation. This regulation provides for fuel system drains and defines 
the requirements whioh the system must meet. 

b. Procedures. 
(1) The looation and function of the fuel system drains are an integral 

part of any fuel system. There may be several drains required dependent upon the 
fuel system design. Eaoh fuel tank sump and certain types of fuel strainers or 
filters require a means to drain (ref. §§ 27.971 and 27.997). 

(2) Selection of the looation and orientation of the drain discharge in 
the design phase is important to assure that there is no impingement on any part 
of the rotorcraft. To show compliance with the requirement may require tests 
dependent upon whether the applicant has a previously approved design whioh is 
similar or if the system is a new design for which no previous experience is 
available. 

(3) The location of the drain valve should be seleoted so that the 
requirements for accessibility, ease of operation, and protection are met. 

(4) Spring-loaded fuel drain valves conforming to MIL-V-25023B, TS0-C76, 
or equivalent, may be approved as "positive looking" valves for those 
Installations where the person operating the valve can visually confirm that the 
valve is closed, provided the applicant has shown that the valve will not open 
inadvertently under any foreseeable operating condition. 

488.-497. RESERVED. 

876 (thru 896) 
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Chap 2 
Par 498 897 

SECTION 28. OIL SYSTEM 
498. S 27.1011 GENERAL. (RESERVED) 
499. S 27.1013 OIL TANKS. (RESERVED) 
500. S 27.1015 OIL TANK TESTS. (RESERVED) 
501. I 27.1017 (through Amendment 27-20) OIL LINES AND FITTINGS. 

a. Explanation. This regulation outlines the oertifioation requirements 
for oil lines and fittings. 

b. Prooedures. 
(1) The line should be supported to prevent exoessive vibration, and 

flexibility should be provided between points of relative motion. Advisory 
Ciroular 43.13-1A, ohapter 14, section 2, paragraph 709, may be used as guidance 
for the system design. 

(2) Flexible hose must be approved. Generally, hoses listed in 
TSO-C53a or those qualified to equivalent military standards are accepted. 

(3) The engine inlet and outlet oil lines should not have an inside 
diameter less than the corresponding inside diameter of the engine connection, 
and no line splices are permitted between connections; however, larger lines may 
be needed to ensure adequate oil flow to the engine or the transmission. Oils 
whioh exhibit high visoosity, long oil lines, and arrangements with little or no 
elevation of the tank outlet with respect to the engine inlet, are design 
oharaoteristios whioh should be oarefully checked. 
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a. Explanation. This regulation defines the requirements for the engine 
oil system strainer or filter. If a strainer or filter whioh meets the 
requirements of this paragraph is incorporated as part of the type oertifioated 
engine, an additional airframe filter is not required* 

b* Procedures* This paragraph requires an oil strainer or filter through 
whioh all of the oil flows for eaoh turbine engine installation* The strainer or 
filter should be sized to allow oil flow at the flow rates and within the 
pressure limits as speoified in the engine requirements. The effeot of oil at 
the minimum temperature for which oertifioation is sought should be accounted for. 

(1) For eaoh oil strainer or filter required by § 27.1019(a) which has 
a bypass, the bypass should be sized to allow oil flow at the normal rate through 
the oil system with the filtration means completely blooked. 

(2) For eaoh oil strainer or filter installed per this rule, the 
capacity must be suoh that when operating with oil contaminated to a degree 
greater than established during engine certification, the oil flow and pressure 
are within the operating limits established for the engine* The mesh 
requirements are determined by the engine installation doouments for the 
filtration of particle size and density. 

(3) Unless the filter is located at the oil tank outlet, $ 27.1019(a)(3) 
requires an indloator that will show when the contaminant level of the filtration 
system, as speoified in § 27.1019(a)(2), has been reached. The indicator should 
signal a contaminant level which will allow completion of the flight before the 
filter would enter a bypass condition. The indicator may be a pop-out button or 
other maintenance oue that is oheoked on eaoh preflight. 

(4) An evaluation of the oonstruotion and looation of the bypass 
associated with the strainer or filter should be accomplished. The appropriate 
installation of the filter based on this evaluation would preolude the release of 
the oolleoted contaminants in the bypass oil flow. 

(5) If an oil strainer or filter Installed in compliance with this 
regulation does not have a bypass, there must be a means to conneot it to the 
warning system required in § 27.1305(r). This warning should indioate to the 
pilot the contamination before it reaches the capaoity established in 
§ 27.1019(a)(2). 

(6) Seotion 27.1019(b) oovers the blooked oil filter requirements 
associated with reciprocating engine installations. The lubrioation system 
should be such that the normal oil flow will ocour with the filter completely 
blooked. 

898 (thru 910) 
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a. Explanation. This regulation requires provisions be provided for 
safe drainage of the entire oil system with the rotororaft at normal 
ground attitude and defines certain requirements for assuring that no 
inadvertent oil flow occurs from the system provided. 

b. Prooedures. 
(1) The design of the oil system must provide a means for safe 

drainage of the entire oil system. This may require one or more drains 
depending on the design of the system. The routing of fluid lines should 
be suoh that drooping lines and fluid traps whioh are undrainable are 
avoided. 

(2) The draln(s) must provide a means for a positive look in the 
closed position. The method by which the lock is accomplished may be 
manual or automatic. 
504.-515. RESERVED. 
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SECTION 29. COOLING 

516. S 27.1041 GENERAL. (RESERVED) 
517. 8 27.1043 COOLING TESTS. (RESERVED) 
518. $ 27.1045 COOLING TEST PROCEDURES. (RESERVED) 
519.-530. RESERVED. 

912 (thru 958) 
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714. § 27.1519 POWERPLANT INSTRUMENTS. (RESERVED) 

715. § 27.1551 OIL QUANTITY INDICATOR. (RESERVED) 
746. § 27.1553 FUEL QUANTITY INDICATOR. (RESERVED) 
747. § 27.1555 CONTROL MARKINGS. (RESERVED) 
748. S 27.1557 MISCELLANEOUS MARKINGS AND PLACARDS. (RESERVED) 
749. S 27.1559 LIMITATIONS PLACARD. (RESERVED) 

750. § 27.1561 (through Amendment 27-19) SAFETY EQUIPMENT. 
a. Explanation. This standard requires identification or looation markings 

for each item of safety equipment and operating information for crew-operated 
controls. 

b. Procedures. 
(1) Release devices, suoh as levers or latoh handles for liferafts and 

other safety equipment, should be plainly marked. The method of operation should 
be marked also. Stenoils, permanent deoals, placards, or other permanent labels 
or Instructions may be used. 

(2) Lookers, compartments, or pouches used to house safety equipment, 
such as life vests, should be marked to identify the equipment therein and to 
also identify, if not obvious, the method or means of getting to or releasing the 
equipment. 

(3) Safety equipment labels and instructions should be used. 
Seotion 27.1555(d)(2) concerns emergency oontrol markings. White letters and red 
background (or reverse) should be used. 

Chap 2 
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SECTION Ml, MARKINGS AND PLACARDS 
710. S 27.1511 GENERAL. (RESERVED) 
711. § 27.1513 INSTRUMENT MARKINGS; GENERAL. (RESERVED) 
712. § 27.1515 AIRSPEED INDICATOR. (RESERVED) 
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(4) Locating signs for equipment should be legible in daylight from the 
furthest-seated point in the cabin or should be recognizable from a distance 
equal to the width of the cabin. Letter's, 1 inch high, should be aooeptable to 
satisfy the recommendation. Operating instructions should be legible from a 
distance of 30 inches. These are recommendations based on exit standards of 
§ 29.811(b) and (e)(1). 

(5) Easily recognized or identified and easily accessible safety 
equipment located in view of the oocupants may not require locating signs, 
stencils, or deoals. Passenger compartment fire extinguisher in view of the 
passengers is an example. 

751. § 27.1565 (through Amendment 27-19) TAIL ROTOR. 
a. Explanation. 

(1) This standard concerns tail rotor disc visibility in normal 
daylight ground conditions. Amendment 27-2 added "daylight14 to the standard. A 
personnel guard is not required. The tail rotor shall be marked to achieve a 
oonspicuous disc whenever the blades are rotating. 

(2) Completely shrouded or protected blades may not require contrasting 
oolor segments if the shroud provides equivalent protection for personnel on the 
ground. A simple tubular guard does not alleviate this standard. 

b. Prooedures. 
(1) Each tail rotor blade shall be marked with contrasting colors. 
(2) During FAA compliance inspections or during the flight test 

program, the tail rotor will be evaluated, qualitatively, in daylight for a 
conspicuous disc. 

(3) As an aid to select proper colors for conspicuousness, see 
AC 20-47, Exterior Colored Band around Exits on Transport Airplanes. This AC 
concerns, in part, methods for measuring reflectance (3*1 factor) and contrast 
oolors for transport aircraft. Section 29.811(b)(2) requires contrast colors for 
transport rotorcraft. This AC also contains suggestions for chromatic contrast. 
A 3:1 reflectance factor between rotor blade segment colors is aooeptable. It is 
reoommended that a few combinations of colors be approved to provide a selection 
of color combinations. The type design drawings will include the necessary 
information and data for design control. 
752.-761. RESERVED. 
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762. § 27.1581 (through Amendment 27-19) GENERAL. 
a. Explanation. 

(1) The primary purpose of the Rotororaft Flight Manual (RFM) is to 
provide an authoritative souroe of information considered to be neoessary for or 
likely to promote safe operation of the rotororaft. 

(2) Since the flightcrew is most directly concerned with operation of 
the rotororaft, the language and presentation of the flight manual shall be 
direoted principally to the needs and oonvenienoe of the flightorew but should 
not ignore the needs of other contributors to safe operation. As used with 
respect to the RFM, safe operation is construed to include, but not be limited 
to, operation of the rotorcraft in the manner that is mandatory for, or 
recommended for, complianoe with applicable airworthiness requirements and with 
the particular provisions of the operating regulations relating to the 
rotorcraft's approved performance capabilities. 

(3) To serve its intended purpose, therefore, the RFM must inolude the 
certificate limitations established for the design as a consequence to the type 
oertifioation evaluation, the performance information neoessary to establish the 
operating limitations imposed through application to the operating regulations 
(FAR Parts 91, 127, and 135), and the prooedures and other information neoessary 
to enable the flightorew to safely operate the rotororaft within the envelope of 
limitations thus delineated. The outline presented in this circular is direoted 
toward those objectives, 

(4) Information and data that are mandatory for an acceptable RFM are 
prescribed in §§ 27.1581 through 27*1589, and nothing contained in these sections 
should be oonstrued as amending those requirements. Certain additional elements 
of flight manuals, however, have been shown by experience to be praotioal 
necessities if the document is to serve effectively its Intended purpose. 

b. Prooedures. 
(1) The following oriteria do not affeot the status of RFMs whioh are 

presently approved. When suoh manuals are amended in the future, however, it is 
recommended that the concepts of this seotion be incorporated wherever uniformity 
or clarity will result. 

(2) Only the material required by FAR Part 27* or that oonsidered 
neoessary to implement the operating regulation, should be Inoluded in the 
portion of the manual that is approved by the FAA. However, the manufacturer or 
operator may Inolude other "unapproved" data in a separate and distinctively 
identified portion within the same document. 

Chap 2 
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The RFM is oonsidered neoessary for safe operation of the rotororaft and care 
should therefore be taken to produce a manual that is consistent with the need 
for completeness and clarity of the required information. Also, since the RFM is 
neoessary for operation of the rotororaft in aooordanoe with the certificate 
limitations, it is oonsidered to be public information. 

(3) The page size for the RFM will be left to the discretion of the 
manufacturer. In this regard, operational compliance with § 91.31 should be 
considered. A oover should be provided and should indicate the nature of the 
contents by means of the title, "Rotororaft Flight Manual." Each page of the 
approved portion should bear the notation "FAA approved," an indication of the 
approval sequenoe of that particular page (e.g., a date of approval, a revision 
number suitably supported by an amendment log which contains the appropriate 
date, etc) the helioopter model number as it appears on the type data sheet, and 
any appropriate document identification number. Pages of the unapproved portion 
of the flight manual would use the issue date in lieu of the FAA-approved date. 
The material should be bound in semipermanent fashion so that the pages will be 
proteoted and retained in proper sequenoe. In selecting the form of binding, 
consideration should be given to the neoessity for amendment and the ease with 
whioh amendments oan be accomplished. 

(4) Amendments may take the form of revisions or supplements. 
(i) A revision is a change to the RFM or its supplement made by the 

holder of the type certificate (TC) or supplemental type certificate (STC) 
involved. 

(ii) A supplement is an addition to the RFM. If the helicopter 
manufacturer (holder of the TC) adds optional equipment or speciflo operations 
(such as Category "A" vertical operation or IFR operations), then the helioopter 
manufacturer is responsible for preparing any neoessary RFM supplement. If 
someone other than the helioopter manufacturer applies for an STC to Install 
equipment or modify the helioopter suoh that an RFM supplement is necessary, then 
the person who applies for the STC is responsible for the preparation of the RFM 
supplement. 

(5) "Revision" may be incorporated by inserting new pages which embody 
the amended text and, where applicable, by removing superseded pages. A vertical 
amendment bar or data processing symbol should be inserted in the outer margin, 
where practicable, to indicate those parts of the text that have been changed. 
Each amended page should be Identified in the same manner as pages of the basio 
manual and, in addition, should oarry the assigned revision number and the 
FAA-approved revision date. 

(6) Supplements are incorporated in the manual by inserting the 
applicable pages which contain the information associated with the particular 
change. Each supplemental page should also identify the helicopter type and 
model flight manual for whioh the supplement was issued, the name of the issuer, 
and the FAA approval date. The following statement is an example of a note which 
would be included on the title page of a flight manual supplement: "For 
helicopters approved to operate in aooordanoe with the provisions of this 
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helicopter flight manual supplement, the information contained herein supplements 
the information of the basic flight manual. For limitations, procedures, and 
performance data not contained in this supplement, consult the basic flight 
manual." 

(7) Supplements Bhould contain as much of the flight manual contents 
outlined below as considered appropriate for the particular change in type 
design, including title page and index of contents. It is suggested that these 
be prepared with a view to insertion in the FAA-approved portion of the flight 
manual as a complete and self-contained unit. 

(8) The RFM should contain as much of the information required in 
Part 27 as is applicable to the individual type and model. For the purpose of 
standardization, it is recommended that the sequence of sections and of items 
within sections follow the format presented at the end of this paragraph if 
practicable. 

(9) The following information would normally be included in the 
introduction section of the flight manual. 

(i) Title Page. This page should include the manufacturer's name 
and address and the helicopter model number as it appears on the type certificate 
data sheet. If desired, include a trade name or trade model number in quotes, 
provisions for rotorcraft serial number and registration number, approval date of 
the basic document, and title and signature of the FAA approving official. 

(ii) Table of Contents. An index should be located at the front of 
each seotion or at the front part of the manual. 

(iii) Amendment Log* This log should be in the form of a table with 
provisions to reoord each amendment, an identifying number, title or description, 
the page numbers involved, the issue date, the identification of the FAA 
approving official, and the FAA approval date. 

(iv) Separate amendment logs should be provided for each type of 
amendment issued; i.e., Log of Revisions, Log of Supplements, etc. Amendments 
issued by other than the holder of the basic type certificate should include a 
separate amendment log which, in addition to the issue date, should also identify 
the Issuer and the STC number or other approval basis for the associated 
modification. 

(v) List of Current Pages. This table should list, for each 
approved page of the manual, the issue date and any other appropriate 
identification necessary to establish that the manual is complete and current. 

(10) The following flight manual format would be acceptable. The 
format recommends a sequence of sections and suggests items which would be 
included in those sections. 

Chap 2 
Par 762 1323 



AC 27-1 8/29/85 

INTRODUCTION 

FLIGHT MANUAL FORMAT 

PART I, FAA APPROVED 

Section 1 
Seotion 2 
Section 3 
Section 4 
Seotion 5 

Limitations 
Normal Procedures 
Emergency Malfunction Procedures 
Performance Data 
Optional Equipment Supplements 

Section 6 
Seotion 7 
Seotion 8 
Section 9 

PART II, MANUFACTURER'S DATA 
Weight and Balance 
Systems Description 
Handling, Servicing, and Maintenance 
Supplemental Performance Information 

INTRODUCTION: This seotion would inolude any signature pages, list of approved 
pages, the log of revisions, and any additional introductory information desired. 
For eaoh seotion, it is suggested that the following major titles be utilized and 
that the recommended information listed under eaoh title be Incorporated. Eaoh 
seotion should Inolude a table of contents and a list of figures applicable to 
that particular seotion. 
Seotion 1 - Limitations: 

a. Kinds of Operation. 
Under this heading, the certification basis, orew requirements, VFR 

and/or IFR flight authorizations, and any operational restrictions would be 
presented. 
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b. Flight Limitations. 

Chap 2 
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This seotion would Inolude limitations with respect to airspeed, 
altitude, ambient temperatures, wind, slope, prohibited maneuvers, and any other 
flight limitations assooiated with a particular helioopter. 

0 . Weight Limitations. 
This seotion would contain all gross weight, oenter of gravity (both 

longitudinal and lateral) limitations, and any other weight limitations unique to 
the helioopter (i.e., orew, passenger and/or cargo loadings). 

d. Powerplant Limitations. 
This seotion would inolude the temperature and pressure limits 

associated with powerplant operation (i.e., torque, r.p.m., TOT, etc.). This 
seotion would also inolude approved fuels and oils and their temperature and 
pressure limits. Any accessories attaohed to the powerplant (i.e., starters, 
generators, etc.), to whioh limitations in starting or operation are applicable, 
would be inoluded herein. 

e. Rotor Limitations. 
This would inolude the power-on and power-off r.p.m. limits, the effeot 

of altitude on these parameters, and any other limitations assooiated with the 
rotor system(s). 

f. Drive System Limitations. 
This section would inolude all limitations associated with the drive 

system (i.e., main transmission, any adapter gearboxes, tail rotor gearbox, and 
any other drive system component applicable to a particular helicopter). 

g. System Limitations. 
This seotion would inolude any partioular system limitations unique to 

the helicopter (i.e., battery limitations, hydraulic system limitations) and any 
limitations assooiated with the various types of stability augmentation and/or 
automatic flight control systems. 

h. Instrument Markings. 
All instrument markings would appear in this seotion. The significance 

of eaoh limitation and of the color coding would be explained in this paragraph. 
1. Placards. 

The exact wording and general looation of all placards would appear in 
this seotion. 
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Seotion 2 - Normal Procedures: 
a. Preflight Checks. 

This paragraph would include any exterior, interior, and any system 
ohecka prior to starting the engine(s). 

b. Engine Start. 
This paragraph would inolude any procedures assooiated with the engine 

start. 
o. System Checks. 

This paragraph would inolude any system oheok procedures suoh as 
hydraulic stability augmentation, eleotrioal, flight oontrol, etc., whioh should 
be accomplished prior to takeoff. 

d. Takeoff. 
This paragraph would inolude any procedures assooiated with the takeoff 

and any procedures unique or applicable to the takeoff profile. 
e. Cruise and/or Level Flight. 

This paragraph would inolude any procedures applicable to oruise and/or 
level flight operation. 

f. Approaoh and Landing. 
This paragraph would inolude any procedures required or recommended for 

the approaoh and landing duration of the helioopter operation. 
g. Engine/Rotor Shutdown. 

This paragraph would Inolude any procedures applicable to the engine 
and/or rotor shutdown and any procedures applicable upon completion of the 
helioopter operation. 

h. Miscellaneous Procedures. 
This section would include procedures for miscellaneous systems or 

conditions, suoh as bleed air heater, anti-ice systems, cold weather operations, 
e t c 
Seotion 3 - Emergency and Malfunction Procedures: 

a. Introduction. 
This paragraph would inolude any introductory type information (i.e., 

definitions of terms used and any other information the manufacturer deemed 
appropriate). 
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b. Powerplant Failures. 
This paragraph would include any information relative to engine, fuel 

oontrol, or any other powerplant related emergency or malfunction. . 
c. Drive System Failures. 

This paragraph would include recommendations and prooedures relative to any drive system failure and/or malfunction. 
d. System Failures. 

This paragraph would inolude prooedures and recommendations relative to 
any system failure and/or malfunction (i.e., eleotrloal, hydraulic, and augmented 
flight control systems). 

e. Fire. 
This paragraph would inolude prooedures to be followed in the event that 

engine, cabin, baggage oompartment fire or smoke is deteoted. 
f. Emergenoy Egress. 

This paragraph would inolude emergenoy evacuation prooedures for both 
the flightorew and the passengers. 
Seotion 4 - Performance Data: 

a. Power Assurance. 
This section would inolude all information relative to the power 

assurance checks. 
b. Hover Information. 

This paragraph would include all information relative to hover 
performance (i.e., hover ceiling IGE and OGE for single and/or multiengine 
operation). Any relative wind effects may also be Included. 

c. Height Velocity, Climbs.and Desoents. 
This paragraph would contain information relative to the HV curves, 

normal olimbs, autorotation speeds, and any other data applicable to the 
particular helicopter. 

d. Airspeed Calibration. 
This paragraph would include the airspeed calibrations for the 

particular helioopter. 
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Section 5 - Optional Equipment Supplements: 
This section would inolude all optional equipment supplements. These 

supplements may modify any of the limitations, procedures (both normal and 
emergency), and performance characteristics of the basic helicopter. 

PART II, Manufacturer's Data (Not FAA Approved) 
Section 6 - Weight and Balance: 

All supplemental weight and balanoe information such as crew tables, 
passenger tables, fuel and oil tables, cargo tables, and any other loading tables 
applicable to the particular helicopter would appear in this section. 
Section 7 - Systems Description: 

This section would Inolude all information relative to the various 
helicopter systems that the manufacturer believes would apply to the particular 
helicopter. 
Section 8 - Handling, Servicing, and Maintenance: 

This section would inolude all information relative to the handling, 
servicing, and maintenance that the manufacturer would care to present. This 
section would also Include dimensions (i.e., baggage areas, doors, and any 
Internal, external information appropriate to the helioopter). 

Section 9 - Supplemental Performance Information: 
This seotion would inolude any supplemental performance information the 

manufacturer would wish to provide. This seotion would also contain the 
cruise-range information associated with IFR operation. 
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763. § 27.1583 (through Amendment 27-19) OPERATING LIMITATIONS. 

AC 27-1 

a. Explanation. The purpose of this seotion is to present the limitations 
applioable to the rotororaft type and model as established in the oourse of the 
type oertifioation process. The limitations should be presented with explanation 
when approved. To the maximum practicable extent) the limitations should be 
presented in "operations" language and format. Since operation of the rotororaft 
in accordance with suoh limitations is required by the operating regulations, the 
following should be inserted as a note at the beginning of this seotion: 
"Operation in compliance with the limitations presented in this seotion is 
required by the Federal Aviation Regulations." Section 27.1583 merely states 
that certain information must be given. The specific information is found during 
the showing of compliance with other paragraphs in the regulation. 

b. Prooedures. 
(1) Section 27.1545 gives the markings required for the airspeed 

indicator. 
(2) Rotor limits are established during compliance with § 27.33. The 

method of marking is specified in § 27.1549. 
(3) Powerplant limits are discussed under § 27.1549. 
(4) Weight limitations are speoified in § 27.25. In the operating 

limitations section, there should be a statement of the maximum and minimum 
oertifioated takeoff and landing weights. For those weight limitations that vary 
with altitude, temperature, or other variables, the variation in weights may be 
given in the form of graphs in the performance section of the manual and inoluded 
as a limitation by speoific reference in the limitation seotion to the 
appropriate graph or page. 

(5) Center of gravity limits are determined In accordance wth § 27*27 
and may be presented In the same manner as prescribed for the weight limitations 
(i.e., a statement under "oenter of gravity limits" in the limitations seotion 
whioh references graphs or page numbers in the performance section). If landing 
gear position oan measurably affect allowable o.g., this information should be 
presented together with the moment ohange due to gear retraction. 

(6) The minimum fllghtorew is determined under § 27.1523 and is 
dependent upon the kinds of operation authorized. The established number and 
identity, by orew position of the minimum fllghtorew, must be listed. 

(7) Kinds of operations are established under § 27.1525. This section 
should oontaln the following preamble: "This rotororaft is oertified in the 
normal oategory (A and/or B) and is eligible for the following kinds of operation 
when the appropriate Instruments and equipment required by the airworthiness 
and/or operating rules are installed and approved and are in operable 
oondition." Those of the following, and any others that are applioable, should 
be listed. 
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(1) Day and night VFR. 
(ii) Approved to operate in known icing conditions. 
(Hi) IFR. 
(iv) Extended overwater operations (ditching), 
(v) External load operation. 

(8) Limiting heights and speeds are determined under § 27.79 and are 
presented in the form of a height versus velooity diagram in the performance 
Information section. 

(9) Often other limitations are included in the limitations seotion 
that are not specifically mentioned in the rules but whioh are neoessary for safe 
operation. Examples are: 

(i) Altitude limits. 
(11) Ambient temperature limits. 
(iii) Conditions for use of rotor brake. 
(iv) Prohibitions against prolonged hover in cross or tail winds to 

prevent accumulation of noxious fumes in'cockpit or oabin. 
(v) Prohibitions against acrobatic maneuvers. 

(vi) Required plaoards including text and location. 
(vii) Speoial airworthiness equipment installations suoh as engine 

out or low rotor r.p.m. warning systems. 
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a. Explanation. The procedures seotions of the manual should oontain 
essential information peculiar to the particular type or model, the knowledge of 
which may be expeoted to enhance safety in the kinds of operations for whioh the 
type or model is approved. Information or procedures not directly related to 
airworthiness, or not under control of the orew, should not be included, nor 
should any procedure whioh is accepted as basic airmanship. 

(1) Procedures information should be presented with respect to normal 
and emergenoy procedures. Alternatively, Information outside the category of 
normal procedures may be subdivided into oategories desoribed as "abnormal" 
procedures and "emergency" procedures, as described herein. 

(2) Notes, oautions, and warnings may be used to emphasize speoific 
instructions or information in general acoord with the following. 

(i) "Note" should be used with respect to matters not directly 
related to safety but whioh are particularly important (e.g., Note: For normal 
twin-engine operation, maximum permissible torque needle split is 4 peroent 
total). 

(ii) "Caution" should be used with respect to safety matters of a 
seoondary order not immediately imminent (e.g., Caution: On engine restart 
reduce ITT to 750 °C on the operating engine). 

(iii) "Warning" should be used with respeot to safety matters of a 
primary order or immediately imminent (e.g., Warning: Do not allow rotor r.p.m. 
to drop below minimum limits). 

(3) The operating procedures of this section have been developed with 
speoific regard for the design features and operating characteristics of the 
rotorcraft and have been approved by FAA for guidance in identifying aooeptable 
procedures for safe operation. Observance of these procedures is not mandatory, 
and FAA approval of suoh procedures is not Intended to prohibit or discourage 
development and use of improved or equivalent alternate procedures based on 
operational experience with the rotorcraft. When alternate procedures are used, 
full responsibility for oomplianoe with applicable airworthiness safety standards 
rests with the operator. 

b. Procedures. Procedural information should be presented in substantial 
acoord with the categories described below: 

(1) Normal Procedures. Normal procedures are conoerned with 
peculiarities of the rotorcraft design and operating features encountered in 
connection with routine operations, including malfunction cases not considered in 
the other procedures seotion (i.e., not considered to degrade safety). Material 
conforming to the above should be presented for each phase of flight, following 
in sequence from preflight through engine shutdown, and should inolude, but not 
be limited to, systems operation (inoluding fuel system information presoribed in 
§ 27.1585(b)), missed approaches, balked landings, etc. 
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(2) Emergenoy Malfunction Procedures. 

(i) Abnormal procedures are concerned with foreseeable situations, 
usually entailing a failure condition, in which the use of special systems, 
and/or the alternate use of regular systems, may be expected to maintain an 
acceptable level of airworthiness. Typical examples of events considered to 
entail abnormal procedures are engine failure and associated conditions for safe 
flight, stopping and restarting engines in flight, extending landing gear or 
flaps by alternate means, approach with Inoperative engine(s), etc. 

(ii) Emergency procedures are concerned with foreseeable but unusual 
situations in which immediate and precise action by the crew, as detailed in the 
recommended procedures, may be expected to reduce substantially the risk of 
disaster. Typical examples of incidents considered to be emergencies are fire, 
ditching, loss of tail rotor thrust, etc. 

(iii) Amendment 27-11 added ditching standards to Part 27. When 
ditching approval is requested, appropriate procedures and information will be 
included in the manual. Scale model teste are generally used to prove 
autorotatlon "ditching" characteristics and to prove stability in the water 
(oapsize threshold) of the helicopter type design. Many helicopter d e B l g n s 
require emergency float bags that deploy either before water contact or shortly 
after water contact to provide the flotation and stability necessary to comply 
with the requirements. 

(A) Autorotatlon altitudes and airspeeds and water contact 
information, if appropriate, derived from or used during the ditching model 
tests, should be confirmed during FAA flight tests and should be included in the 
manual. Information concerning sea states or wave height to length ratios, 
investigated and found satisfactory, may be included in the manual if nonsevere 
sea states are likely to be exceeded. 

(B) Instructions for deploying liferafts may be needed for 
certain designs. For example, if liferafts are stowed outside the cabin, special 
instructions may be necessary. 

(iv) Evacuation Procedures for Helicopter Litter Configurations. 
Appropriate procedures and minimum crew requirements should be considered and 
Included in the manual or manual supplement, if necessary, to assure timely 
evaouation. 

(3) The use of illustrations to show controls, instruments, explain 
systems, etc., is encouraged. 

(4) If the unusable fuel supply in any tank exceeds 5 percent or 
1 gallon, whichever is greater, a statement should appear in the normal 
procedures section to warn the pilot that the quantity of fuel remaining in the 
tank when the guage reads zero is not usable in flight. 
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765. § 27.1587 (through Amendment 27-19) PERFORMANCE INFORMATION. 

a. Explanation. 
(1) This section contains the performance information necessary for 

operation in compliance with applicable performance requirements of PAR Part 27 
and applicable special conditions together with additional information and data 
essential for implementing pertinent operational requirements. 

(2) Performance information and data may be presented for the range of 
weight, altitude, temperature, and other operational variables stated as 
operational performance limitations. It is recommended that performance 
information and data be presented substantially in accordance with the following 
paragraphs. Where applicable, reference to the appropriate requirement of the 
certification or operating regulation should be included. 

(i) General. Include all descriptive information necessary to 
identify the configuration and conditions for which the performance data are 
applicable. Such information may include the complete model designations of 
rotorcraft and engines, definition of installed rotorcraft features, and 
equipment that affects performance together with the operative status thereof. 
This section should also include definitions or terms used in the performance 
section (i.e., IAS, CAS, ISA, configuration, etc.) plus calibration data for 
airspeed, altimeter, ambient air temperature, and other Information of a general 
nature. 

(ii) Performance Procedures. The procedures, techniques, and other 
conditions associated with obtainment of the flight manual performance should be 
included. The procedures may be presented as a performance subsection or in 
connection with a particular performance graph. In the latter case, a 
comprehensive listing of the conditions associated with the particular 
performance may serve the objective of "procedures" if sufficiently complete. 
Performance figures are based on the minimum installed specification engine. 

(iii) Wind Accountability. Wind accountability may be utilized for 
conventional takeoff field lengths. This accountability shall not be more than 
50 percent of the minimal wind component along the takeoff path opposite to the 
direction of takeoff. In some rotorcraft, it may be necessary to discount the 
beneficial aid to takeoff performance for winds from 2ero to 10 knots. This 
should be done if it is evident that the winds from zero to 10 knots have 
resulted in a significant degradation to the takeoff performance due to the 
washout of the ground effect cushion. 

(iv) The following list is illustrative of the information that may 
be provided for a normal category helicopter. 

(A) Density altitude chart for converting from pressure to 
density altitude. 
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(B) Airspeed calibration (calibrated vs. true indicated 

airspeed) for level flight. 
(C) Hover performance charts both in and out-of-ground effeot 

with instructions for their use. The out-of-ground effect hover performance 
chart is not required but may be useful. 

(D) For turbine-powered helicopters in all categories, a power 
assurance check chart. 

(E) A statement of the maximum crosswind and downwind 
components that have been demonstrated as safe for operation near the ground. 

(v) Miscellaneous Performance Data. Any performance information or 
data not covered in items 765a(2)(iv)(A) through (E) above, but considered 
necessary or desirable to enhance safety or to enable application of the 
operating regulations, should be included. 

(vi) Flightorew Notes. It is recommended that provisions be made in 
the "unapproved" portion of the Rotorcraft Plight Manual for inclusion of 
information and data of a type that is useful or desirable for operation of the 
rotororaft but is not approved by FAA. (Material in this section should be 
consistent with material in the approved portion of the manual.) 
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a. Explanation. Control of the rotororaft weight and balance is an 
operational funotion and is the responsibility of the operator. However, 
instructions necessary to enable loading of the rotororaft within the established 
limits of weight and oenter of gravity and to maintain the loading within suoh 
limits are required by the operating regulations, and inclusion of suoh loading 
instructions in the Rotororaft Flight Manual is required by this rule. Approved 
loading instructions, therefore, must be presented in the Rotorcraft Flight 
Manual and, at the option of the applicant, may be included in the approved 
portion or in the unapproved portion. 

b« Prooedures. 
(1) For the purpose of the flight manual, distinction is made here 

between the loading instructions required by the certification requirements of 
Part 27 and the weight and balance data required by the operating requirements. 
The former presoribed information is applicable to the rotororaft type and is 
subjeot to FAA approval as flight manual material. 

(2) For oomplianoe with the noted requirements, it is necessary for the 
applicant to develop weight and balance data and loading instructions as 
neoessary to satisfy the needs of both certification and operation. In order to 
consolidate in one dooument information on rotororaft loading, it is recommended 
that the weight and balanoe data be developed to inolude appropriate loading 
instructions, and that both be included in the Rotorcraft Flight Manual as an 
"unapproved" seotion entitled "Weight and Balance." Such a seotion should 
inolude the following statement as a note: "In aooordanoe with FAA prooedures, 
the detail weight and balanoe data of this seotion are not subjeot to FAA 
approval. The loading instructions of this section, however, have been approved 
by FAA as satisfying all requirements for instructions on loading of the 
rotororaft within approved limits of weight and oenter of gravity and on 
maintaining the loading within suoh limits." 

(3) For initial approval of the manual, an aotual or specimen weight 
and balanoe seotion should be submitted for evaluation and approval of the 
loading lnstruotions. Weight and balanoe data for eaoh particular rotororaft 
need not be submitted for approval as flight manual material unless a substantive 
change is made to the approved loading instructions. 

(4) The weight and balance material outlined below is believed to be 
adequate for rotororaft with conventional loading and fuel-management 
techniques* For rotororaft whioh necessitate redistribution of fuel (other than 
normal consumption) to maintain loading within presoribed limits, the material 
should be amplified as necessary* 

(i) Weight Limits. A list and explanation, where neoessary, of all 
fixed-weight limitations should be Included. 

(ii) Center of Gravity Limits. The approved oenter of gravity 
ranges should be presented with due accounting for landing gear position. 
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(ill) Dimensions and Datum Line Looations* The dimensions and 

relative looation of rotororaft features assooiated with weighing and loading of 
the rotororaft and with weight and balanoe computations should be desoribed 
and/or illustrated. 

(Iv) Equipment List. The rotororaft should be defined or described 
sufficiently to identify the presence or absence of optional systems, features, 
or installations that are not readily apparent. In addition, all other items of 
fixed and removable equipment included in the empty weight should be listed. 

(v) Fuel and Other Liquids. Fuel and other liquids, including 
passenger-service liquids that are included in the empty weight, should be 
identified and listed together with information neoessary to enable ready 
duplication of the particular condition. 

(vi) Weight Computations. Computations of the empty weight and 
empty-weight o.g. looation should be included. 

(vii) Empty Weight and Empty-Weight Center of Gravity Looation. 
Statement of these values should be inoluded. 

(viii) Loading Sohedule. Loading schedule should be included, if 
appropriate. 

(ix) Loading Instructions. Complete Instructions relative to the 
loading procedure, or to use the loading sohedule, should be included. 
767.-774. RESERVED. 
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CHAPTER 3 - PART 2 7 
MISCELLANEOUS AIRWORTHINESS STANDARDS 

7 7 5 . ENGINEERING FLIGHT TEST GUIDE FOR NORMAL CATEGORY HELICOPTERS - INSTRUMENT 
FLIGHT RULES. 

a. Explanation. Requirements for Instrument flight rules (IFR) have been 
incorporated into Part 2 7 , Appendix B, Amendment 1 9 . Various information from 
previous interim standards, procedures, test techniques, and acceptable means of 
oomplianoe for helicopter IFR flight are included In the following sections. 

b. Procedures. 
( 1 ) General. 

( 1 ) The certified instrument flight envelope may be more 
restrictive than the visual flight rules (VFR) envelope in terms of weight, 
oenter of gravity, speed, altitude, or rate of climb and descent. The approved 
envelope must be operationally practical and not impose constraints with whioh 
the crew has difficulty complying. The IFR altitude envelope should extend to at 
least 1 0 , 0 0 0 feet to be operationally praotioal in the National Airways System. 

(ii) Controllability requirements must be met from 0 . 9 V ^ n a to 
1 . 1 V N E J . Stability requirements must be met where speoified. Stability 
devioes must be designed to allow safe flight following failures. The evaluating 
pilot must assure that all equipment and devioes installed for IFR, including 
reasonable failures of that equipment, do not compromise the VFR approval for 
that rotorcraft. Examples inolude stability system failures that oan cause loss 
of swashplate or tail rotor control travel when they fail In a hardover 
oondition. If the devioe remains in the hardover position after the stability 
system is turned off, oontrol capability oan be compromised. Cyclic 
controllability tests at high speed and at the limiting rearward flight 
oondition, or tail rotor tests in sideward flight at high altitude, may reveal a 
lower control capability and a more restrictive envelope. Revision to the 
envelope approved for VFR conditions may be required when stability equipment is 
installed. In addition, controllability testing should be accomplished with the 
oontrol rigging set at the most adverse production tolerance for the test 
condition; e.g., minimum forward swashplate for high speed testing. 

( 2 ) Trim. Compliance with the IFR trim requirement may be met by use 
of a magnetio brake with a recentering button, an eleotrically driven trim system 
activated by a "beeper" type control, or other means, so long as the system does 
not introduce any objectionable discontinuities in the foroe gradient or 
otherwise result in objeotionable flight characteristics. Trim release devioes 
should be free of objectional stlok jump. Electrically driven trim systems 
should have a smooth ohange In force with a rate compatible with the normal 
helioopter maneuvers. Only the oyclio trim control must exhibit positive 
self-centering characteristics. Collective and pedal controls are not required 
to incorporate positive self-oentering characteristics. Movement of the trim 
controls should produce a similar effeot on the rotororaft in a plane parallel to 
that of the oontrol motion. The oontrol system free play and breakout force must 
be evaluated to assure a close and direct correlation between control input 
(foroe and deflection) and rotorcraft response (pitch, roll, yaw, and heave 
(vertical motion)), and to permit small, precise ohanges in flight path. 
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(3) Statio Longitudinal Stability. 

<i) Positive statio longitudinal stability is a key IFfl requirement 
whioh assures a self-oorreoting airspeed response and allows a pilot to recognize 
any substantial change in speed. Very shallow force gradients can be approved for 
systems with low deadband and low friction. Systems with significant friction and 
deadband require muoh steeper force gradients to be acceptable. The longitudinal 
foroe gradient oan be determined by either one of two methods. The most commonly 
used method measures the foroes on the ground (with hydraulio and electric ground 
power units if required). The force applied to the cyclic stiok and the oycllc 
stick displacement are measured and a plot of stick foroe verses displacement in 
eaoh direotion is obtained. The longitudinal static stability tests are conducted 
in the air as desoribed In paragraph 86. The trim system should be on during the 
test and trimmed at the trim speed. After each end point, the cylic should be 
allowed to slowly return to the trim position. When all the foroe is released 
from the oyolic stiok and the airspeed has stabilized, note the airspeed. The 
airspeed must return to within 10 peroent or 10 knots, whichever is less, of the 
trim speed. An alternate method of determining the longitudinal stiok force 
stability Is to measure the foroe on the oyolic stick in flight using a hand held 
foroe gage or other foroe measuring instrumentation. The in-flight technique is 
the same as the first method. Testing should be accomplished at a minimum of two 
altitudes. One altitude should be low enough to assure limiting power is 
attained. Another should be at or near the maximum approved altitude. Reasonable 
interpolation is allowed. If no marginal areas are apparent, interpolation over a 
10,000-foot altitude range is considered reasonable. 

(ii) Tests for static longitudinal stability during approaoh should 
inolude the steepest approach gradient for which approval is requested. Static 
stability tests may be simulated by initially establishing a trimmed rate of 
descent for maximum approaoh gradient assuming zero wind conditions. Actual 
approaoh tests at the maximum approved gradient should be oonduoted to evaluate 
traoklng and maneuverability, including the capability to oorrect downward to a 
glide path when approaohing in a slight (10 knot) tailwind condition. 

(iii) Helicopters that are approved for a minimum crew of two pilots 
for IFR operation are relieved from demonstrating stick force stability in climb, 
slow cruise, and desoent. It is expeoted that these helioopters do comply with 
the VFR oertifioation requirements of § 27.175. 
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04) Statio Lateral Directional Stability. 
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(i) Teats for directional stability usually require instrumentation 
for lateral oyolio position, pedal position, and sideslip angle. Testing for 
complianoe with the specific direotional requirement is relatively simple; 
however, the pilot should look for significant longitudinal trim changes, and 
short-period dynamic modes whioh occur only during sideslip conditions. Side 
force characteristics are indicated by the variation of bank angle with sideslip 
during steady heading sideslips. The number of ball widths of deflection is also 
indicative of the side force oue available to the pilot. A correlation between 
sideslip angle and ball widths of skid oan be obtained at given speeds for use 
during later testing after sideslip instrumentation is removed. A simple yaw 
string oan be calibrated in a similar manner. The TIA should define the maximum 
slideslip angles whioh should not be exceeded during the flight test program. 
These angles must not be greater than the structural sideslip envelope 
substantiated and are not required to be that sideslip angle obtained with full 
direotional pedal deflection. Sufficient side foroe oues should accompany 
sideslip to alert the orew when approaching sideslip limits. This is needed to 
assure that structural sideslip limits will not be inadvertently exceeded in 
servioe. Although not stated in the requirement, flight conditions for 
demonstration of statio longitudinal stability are also appropriate for 
demonstration of statio lateral-direotional stability. 

(11) Dihedral requirements may be more difficult to assess. For 
those helicopters whioh do not meet the position and force gradient requirements 
for the conventional, oross-oontrolled sideslips, there are alternative tests 
whioh may be used to determine acceptable charaoteristics. If direotional pedals 
are utilized in steady sideslips, the resultant rolling tendency is the sum of 
(1) the aircraft's roll due to sideslip tendency (dihedral), and (2) the 
aircraft's roll due to direotional oontrol input. If the rotorcraft has a tail 
rotor which Is exoessively high or low In relation to the rotorcraft's vertioal 
center of gravity, application of tail rotor thrust will introduce a significant 
rolling moment. The basio intent of dihedral stability testing is to determine 
the rotororaft response to sideslip exclusive of direotional control input. In 
general, if a tail rotor configuration is involved and the tail rotor is above the 
vertical o.g. of the rotorcraft, the effect of pedal input upon dihedral effect is 
destabilizing during conventional, control-induced sideslips. 

(ill) There are two alternate methods which, for small angles of 
sideslip, oan give an indication of the basio dihedral stability of the 
rotororaft. Both methods involve freezing the direotional oontrols while 
artificially oreating sideslip by other means. 

(iv) The first method is only applioable for rotororaft with single 
main rotor systems. To utilize this method, the rotororaft Is stabilized in a 
given flight condition and small collective (torque) ohanges are applied in each 
direotion (e.g., +5 peroent and +10 peroent) while holding pedals fixed. Sideslip 
angle, lateral oontrol position,"and lateral oontrol foroe may be measured and 
plotted for small torque ohanges from trim. This technique will not work for 
airoraft whioh have oolleotive to pedal or oolleotive to lateral oontrol oouplings. 
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(v) In the second method, the rotorcraft is stabilized in a trimmed 
flight condition with a small amount of bank (5°-10°). The rotorcraft is then 
rolled to an approximately equal angle of bank in the opposite direction holding 
the pedals fixed. The change in direction of bank results in a small change in 
sideslip angle and again sideslip angle may be plotted versus lateral oontrol 
position and/or force. This test should be conducted in both direotions and the 
results averaged. This method can give reasonably accurate results for small 
perturbations. Other faotors contribute to the results of either of these two 
methods. It is always important to assess the roll due to sideslip tendency with 
pedal induoed sideslips to assure lateral control forces are reasonable and in a 
proper direction for directional out-of-trim conditions, and to assure the pilot 
has adequate sideslip cues. 

(vi) Wording of the dihedral requirement is Intended to allow 
slightly negative dihedral stability at oritioal loading conditions. This will 
ordinarily result in positive dihedral stability throughout a great majority of 
the approved loading envelope. The test for maximum allowable negative dihedral 
effect would involve stabilization at a required flight oondition, induoing a 
sideslip up to +10° from trim, then assessing lateral oyolio friction/deadband to 
determine if roll is restrained while remaining in the oontrol system 
friotlon/deadband so that the control may be released without resulting in the 
airoraft rolling In the adverse dlreotlon. When testing for this oondition, 
lateral oyolio friotion should be adjusted to the minimum value. 

(vii) The intent of the dihedral rule is to allow small amounts of 
oontrol system friction and deadband to mask small values of negative dihedral. 
Where slope of the negative dihedral versus sideslip exceeds these small values, 
the negative dihedral shall not be approved. The operational pilot must not be 
presented with opposite cyclic sensing for similar sideslip conditions as loadings 
and flight conditions ohange. In general, large values of control system friotion 
and deadband are undesirable. The addition of friotion or deadband into the 
control system for the purpose of satisfying the dihedral requirement is not 
aooeptable. 

(viii) In approving small, negative dihedral values, the pilot should 
ensure that other positive flight cues, suoh as suitable side force, accompany 
sideslip. This will aid the pilot in determining direction of sideslip so that no 
reverse sensing or confusion accompanies sideslip conditions. 

(5) Dynamio Stability. 
(i) Dynamio characteristics are defined in quantitative terms; 

however, some areas of interpretation and technique need special consideration: 
(A) Unlike fixed-wing aircraft, where the size of the input 

has no effect on damping ratio, rotorcraft oan be sensitive to the type and size 
of input used to excite eaoh dynamic mode* For instance, it has been found that 
for the phugoid-type dynamio oscillation, damping ratio is inversely proportional 
to the size of the input. It therefore becomes important that dynamio exoitations 
be sized to approximate the response of the rotororaft in a moderate, turbulent 
gust. Also, the dynamic input should be made with the oontrol(s) which most 
accurately simulates the typical aircraft gust response. Obviously, for this 
evaluation some flying of the rotorcraft in turbulenoe is necessary to obtain 
knowledge of the rotorcraft's gust response. Pulses and doublets may be used to 
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generate disturbances similar to a gust. To assist returning the oontrol(s) to 
the trim position, a hand held jig may be used. Use of attitude and rate 
instrumentation is desirable. The pilot may find that collective excitation, or 
collective in oonjunotion with cyclic, is most appropriate for gust simulation. 

(B) The second area of concern in evaluating dynamic response 
is whether to let only one axis respond to an excitation or to let the rotorcraft 
respond in two or more axes. When it can be done safely, the rotorcraft should be 
allowed to follow its dynamic response in all axes. In other words, if pitch 
oscillations feed into roll, the pilot should attempt to observe and record the 
total airoraft dynamic response in both pitch and roll. 

(C) The third area concerns strict compliance with the exact 
wording of the dynamic requirement. In this regard, a neutrally damped 
oscillation with a period of 19 seconds would not be acceptable; however, a very 
divergent oscillation that doubles in amplitude in 21 seconds would be 
acceptable. The 19-second oscillation is much less severe than the 21-second 
osoillation and yet is unacceptable by the "letter of the law." Figure 775-1 is a 
graphic display of the dynamic requirement. The 19- and 21-second oscillations 
are shown as points (1) and (2). Point No. 1 is positioned muoh more toward the 
aooeptable portion of the graph and yet by the "letter of the law" is 
unacceptable. The intent of the dynamic requirement is roughly approximated by 
the dashed/curved line. Areas to the right of that line may be considered for 
findings of equivalent safety. 

(D) A fourth area requiring speoial care in testing is the 
aperiodio requirement. The most common aperiodic motion is the spiral 
characteristic whioh results when aircraft attitude is displaced in roll. The 
preferred method for testing this requirement is to stabilize precisely on a 
trimmed condition in straight flight, then displace the helicopter to 10° of bank, 
stabilize momentarily, set the controls as they were positioned for straight 
flight, and release them. Time and bank angles are then recorded. Recovery is 
initiated when bank angle or roll rate becomes excessive. Of particular interest 
is the time for bank angle to pass 20°, and this time should not be so short as to 
cause the aircraft to have objectionable flight characteristics in the IFR 
environment. The time period to double amplitude (20°) should be at least 
9 seconds. It Is vitally important that controls (particularly lateral cyclic) 
are positioned exactly as for the straight flight oondition. If a high resolution 
foroe trim system is not incorporated, an alternative method may be used. In this 
seoond method, the helicopter is trimmed for straight flight as described above 
and controls are released. Roll attitude may simply be allowed to vary naturally 
with time, or small pulse input may be made with pedals. It is important that 
controls are positioned precisely as they were for the trimmed, straight flight 
condition and a plot of bank angle versus time is obtained. This plot is then 
compared against a divergent roll condition which doubles in amplitude every 
9 seconds. Of particular interest is again the rate passing 20° of bank. If 
airspeed changes as the aircraft rolls or if roll/pitch coupling ocours, these 
ohanges should be allowed to interact naturally until reoovery is necessary. Due 
to the sensitive nature of this test, smooth air is essential. Repeatability may 

Chap 3 
Par 775 1351 



AC 27-1 8/29/85 
be a problem. At least two test points In each direction should be obtained at 
each trim condition. Results may be averaged if they show reasonable 
repeatability. The same procedures may be utilized for an aperiodic pitch 
response; however, a displacement of 5° from trim should be used, and of 
particular importance is the pitch rate passing 10°. Again L at least two test 
points in each direotion should be obtained for each trim condition. Although not 
stated in the requirement, the flight oonditions for demonstration of static 
longitudinal stability are also appropriate for demonstration of dynamic 
stability. Helioopters certificated for a minimum crew of two pilots are required 
to demonstrate longitudinal static force stability in the cruise and the approach 
configuration. Compliance with the dynamic stability requirements should be 
demonstrated for these configurations, and the helicopter should be free from 
rapid and excessive rates of divergence in the other flight configuration. The 
degree of testing referred to here represents that which might be required of a 
marginally stable helioopter. For those configurations which provide good 
aerodynamio stability or use varying degrees of SAS, the scope of the 
demonstration program would be decreased significantly. 

(ii) Control system dynamics should also be evaluated. This may be 
accomplished by lightly bumping each control in flight and observing its free 
response. Any resulting control motion must dampen quickly and should not be 
driven by aircraft/control system interaction. This will ensure safe flight in 
the event a control is inadvertently bumped or released from an out-of-trim 
oondition. 

(6) Stability Augmentation System (SAS). 
(i) If a SAS installation stabilizes the helicopter by allowing the 

pilot to "fly through" and peroeive a stable, well-behaved vehicle, it qualifies 
as a SAS and, if reliable, receives credit under Sections III through VII of 
Appendix B for use in complying with all handling qualities requirements. If a 
conventional autopilot does not provide "fly through" capability or allow the 
pilot to peroeive a stable, well-behaved vehlole through his manipulation of 
primary flight oontrols and feedback from those controls, then it tends to remove 
him from aotive involvement in flying and is eligible primarily as a workload 
reliever. 

(11) If handling qualities credit Is given for a SAS then it must be 
shown to be reliable. If a reliable SAS is incorporated, it should be operational 
during handling qualities testing for trim and stability. Reasonable .single 
failures of the SAS must be evaluated and the resultant handling qualities must be 
evaluated to assure that in this degraded configuration (1) handling qualities 
have not been degraded below "VFR" levels defined in FAR Part 27, Subpart B; 
(2) the helicopter is free from any tendency to diverge rapidly from stabilized 
flight conditions; and (3) the helicopter can be flown IFR throughout its 
endurance capability without undue difficulty by the minimum flightcrew. 
Compliance with a majority of the IFR handling qualities requirements is desired, 
and the degraded characteristics should be documented and explained. Revised 
flight envelope boundaries for the failed oondition may be oonsidered if they are 
controllable by the pilot; e.g., altitude and airspeed. When loss of a SAS 
results in a need for minor adjustment of a flight oondition, then a system oan be 
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aooepted that allows failures during the life of eaoh helioopter. If loss of the 
system will prevent continuation of safe flight and landing, the reliability of 
the system must be high enough to assure that failure of the system will not be 
expeoted to ooour during the life of the helicopter fleet. When evaluating the 
reliability of a system, the installation of the system must be considered as part 
of the design. The total system including inputs, outputs, environment, isolation 
features, and exposure times is a pertinent consideration. 

(iii) Stability augmentation system reliability is evaluated by 
systems and equipment personnel. If credit is to be given for system reliability, 
freedom from malfunction, hardover and oscillatory conditions (limited to critical 
frequencies determined during autopilot failure analysis), a thorough system 
evaluation is needed. Flight test personnel should coordinate olosely with the 
systems and equipment personnel whenever credit is given for advanoed design and 
system reliability because the hardover/malfunction oondition may not require 
in-flight testing. The decision is made on the basis of system design, failure 
analysis, and overall probability of malfunction. If flight testing is required, 
appropriate delay times as shown below are required. 

Flight Condition Time Delay 
Hover, takeoff, and landing Normal pilot recognition and reaction 

time 
Maneuvering and approach Normal pilot recognition plus 1 second 

Note: Recovery from simulated 
malfunctions of any SAS axis ocourring 
while the pilot is applying control 
inputs to cause rotation about that 
axis may be initiated with normal pilot 
reaction; the 1-second delay in 
maneuvering flight pertains to 
established turns (level, climbing, and 
descending) only. 

Climb, oruise, and descent Normal pilot recognition plus 3 seconds 
For helicopters requiring a minimum orew of two pilots and with stability systems 
that do not have coupling oapability suoh as vertical speed hold, altitude hold, 
or navigation tracking, a time delay of 1 seoond may be used in climb, cruise, and 
descent. Reference to visual oues is assumed only in hover, takeoff, and 
landing. For other flight conditions, the pilot is assumed to recognize the 
malfunction condition without reference to outside visual cues. If the stability 
system has not previously been oertified as a part of the airoraft for VFR flight, 
malfunctions should also be oonduoted throughout the VFR envelope utilizing the 
appropriate delay times in AC 29-1. Piokup to a hover, landing, sideward, 
rearward, and forward hovering flight must be considered. 
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(Iv) A good method to accurately determine pilot recognition and 

reaction time Is to establish typloal climb, cruise, descent, and approach 
conditions and instruot a subject pilot to react as soon as he reoognizes 
individual hardover conditions in pitoh, roll, yaw, and heave (if installed). 
Several pilot subjects may be used. Sensitive reoording instrumentation is needed 
to show the hardover input to the actuator and the pilot's initial control 
movement. This procedure is usually oonduoted prior to the critical hardover 
tests so that the total necessary time delay (recognition plus 3 seconds, etc) 
oan be established. This procedure actually determines recognition plus reaction 
time, although reaction time has been shown in hardover testing to be a relatively 
constant 0.5 seconds. Different recognition times for various axes are not 
unusual. During one recent program, recognition time for direotional hardovers 
was 0.3 seoond, but for roll hardovers was 0.9 seoond. There is typically 
0.1 second or less scatter among properly briefed pilots. Recognition time is 
then added to delay time to determine total neoessary delay for hardover testing. 
As an example, for the above roll condition, a single pilot configuration would 
require a total 3*9-second duration from signal input to initial oontrol aotuation 
for recovery. Allowable attitude excursions must also be considered. Although 
allowable attitude excursions during hardover testing probably depend more upon 
acceleration and rate of acceleration than on attitude, a general rule of 30° 
pitoh and 60° bank may be used. For some designs, maximum safe attitudes may be 
lower. Certain responses with rapid initial motion, but self-correcting 
characteristics thereafter, have been allowed to diverge as much as 55° in pitoh 
and 80° in roll as long as no rotor system or oontrol diffioulties result during 
malfunction or reoovery. The key is: Can a safe, reasonable reoovery be made 
without exoeeding aircraft limits? During high speed malfunction testing, the 
maximum speed allowable during malfunction or during reoovery is 1.11 Vjjg 
( V D F ) * The maximum allowable speed for SAS operation must be adjusted to 
prevent exoeeding Vgf during malfunction testing at any altitude. 

(v) Applicable prooedures and techniques for oonduct of hardover 
tests are contained in AC's 25-1329 and 29-1. If a quiok disconnect device is 
incorporated, it must be reaohable with a finger on the hand operating the 
appropriate reoovery oontrol and must be operable without removing the hand from 
that control. A quick disconnect system can be used on duplex system if overall 
reliability of the system is aooeptable. All cookpit emergenoy oontrols inoluding 
emergency quick disconnects should be "red." The quiok disconnect may be aotuated 
at initiation of recovery. Other disconnects should only be aotuated after full 
airoraft oontrol has been achieved following reoovery. Airoraft limits may not be 
exceeded during malfunction or reoovery. If a monitor devioe automatically 
disconnects the SAS, it must be dearly annunciated to the orew. 

(vi) Series actuator hardover conditions in some rotororaft oan 
seriously degrade oontrol margin. Critical loadings, power settings, r.p.m., and 
altitudes in oonjunotion with a SAS aotuator hardover in an adverse direotion oan 
result in reduotion of oontrol travel requiring flight envelope constraints. 
Flight testing is usually neoessary to determine the appropriate flight envelope 
reduotions. 
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(vii) Subsequent failures and unrelated probable combinations of 

failures oust be considered, inoluding subsequent SAS failures. Systems and 
equipment seotion analysis should provide necessary SAS malfunction combinations 
for flight testing as a result of their system analysis. Minimum requirements for 
dispatoh and procedures following failure should be included in the malfunction 
analysis. Results of the probability analysis and the resultant malfunction 
configurations are primarily the responsibility of the systems and equipment 
seotion. 

(viii) No reasonably probable failure should result in a worse 
oondition than that tested for hardovers. For example, if a magnetic brake force 
trim system is employed, failure of eleotrioal power to the magnetic brake oirouit 
may cause the cyolio oontrol to fall whioh may result in a more dangerous flight 
condition than individual SAS hardovers. The overall control system must be 
evaluated for all probable failures to preclude hazardous failure conditions. 
Other areas for investigation inolude beep trim and auto trim failures. The delay 
times of paragraph 775b(6)(ili) are appropriate for all suoh failures. System 
malfunctions may also inolude component failures whioh result in oscillatory 
outputs of the aotuator(s). These should be sustainable at least as long as the 
speoified hardover delays, should be manageable thereafter with hands on the 
controls, and should allow disconnect of the malfunctioning system. 

(ix) Engine failure requirements are not entirely consistent with the 
SAS failure time delays shown in 775b(6)(iii). Engine failure time delays remain 
as speoified in § 27.143(d), and they are lower than corresponding SAS failure 
delays. Critical engine failure conditions should be reverified during simulated 
instrument flight with primary referenoe to flight instruments. Lower time delays 
for engine failure have been Justified on the basis of immediate cues for the 
oritical high powered oondition and requirements for engine failure warning 
systems. Many rotorcraft designs simply oannot endure a 3-seoond time delay for 
oritical engine failure conditions. Nevertheless, engine failure, autorotatlon 
entries, and autorotatlon desoent (for single-engine rotorcraft and multiengine 
rotororaft without Category A engine isolation) must be evaluated in simulated IFR 
conditions, and these flight characteristics must be aooeptable. 

(7) Controllability. 
(i) Control harmony should be present. There should be no 

objectionable oyolic to collective or roll-yaw-pitch cross coupling. 
(ii) Control foroes following a control system malfunction such as a 

hydraulic system failure should be low enough to allow completion of the Intended 
flight. It may not be possible to land early during an actual IFR flight. 
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(Hi) There should be no tendencies for pilot-induced oscillations; 

There should be no sustained or uncontrollable osoillations resulting from the 
efforts of the pilot to control the rotororaft. 

(iv) The oontrol system must have suffioient resolution to permit 
aoourate and precise instrument maneuvers. Some oontrol systems with high 
breakout forces in conjunction with low control foroe gradients do not lend 
themselves to satisfactory instrument flight capability. 

(8) Cockpit Arrangement. 
(i) The primary flight instrument basic T (or a modified T with VSI 

above the altimeter) should be located as nearly in front of the pilot as 
possible. All annunciation necessary for operation of stability systems should be 
readily in view. Secondary flight (or navigation) instruments suoh as radar 
altimeter and secondary radio course information, DME, etc., should be grouped 
around the periphery of the T. Next in priority are primary power instruments 
such as torque and rotor r.p.m. Powerplant instruments and baokup attitude 
information should be plaoed In the remaining panel areas. Various researoh and 
development efforts and previous oertifioation programs have revealed that it is 
desirable not to locate the standby attitude indloator immediately adjacent to the 
basic flight Instrument T. The standby attitude indloator must be usable and 
flyable from the primary pilot station (and any other pilot station); however, 
looating it too close to the primary instruments is undesirable. If the standby 
attitude information is close to the pilot's normal flight instrument soan, he 
will begin to compare attitude information between the two indicators in his 
normal instrument scan. Every pilot eye motion to oompare these indicators Is a 
wasted motion that could be more efficiently applied in the normal soan. The 
pilot should fly either the primary or the baokup indloator, and it is an aid if 
these indioators are physically separated* When the standby indicator is located 
physically apart from the normal soan and the primary indicator falls, the pilot 
is oonsoious of a distinctly different instrument scan and is less likely to be 
continuously coming baok to the center of the basic T for attitude reference. 
Physical separation oan assist the transition to standby attitude flight* Power 
for operation of an electrical standby attitude indicator and power for the 
lighting of that instrument must be independent of the aircraft's eleotrloal 
generating system. 

(ii) All oookpit controls necessary for normal and emergenoy 
operations should ideally be located so that they may be actuated without upper 
body movement. Moderate head and body movement has been accepted; however, these 
motions must be evaluated for their vertigo inducing effects. No IFR controls 
should be looated aft of a vertioal plane passing left to right (laterally) 
through the pilot's body. 
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(Iii) If a copilot position is approved, the oopllot must have a 

oomplete set of flight oontrols and must be oapable of independently flying and 
navigating the rotororaft from his position. The oopilot must be oapable of 
controlling at least one primary navigation source so that he oan operate the 
rotororaft during normal conditions without relying on the first pilot to perform 
needed cockpit functions. Some instruments oan be shared between pilots depending 
on instrument panel presentation. Some examples from previous programs inolude 
standby attitude, rotor taohometer (if the aircraft has automatio governing and 
the crew is provided visual and aural r.p.m. warning), and seoondary powerplant 
instruments such as N g, oil pressure, and temperature. 

(iv) Proper cockpit annunoiation is essential for safe operation. 
SAS and autopilot modes must be properly annunciated. Appropriate annunoiator 
color coding is contained in § 27.1322. There must be no question in regard to 
the souroe of navigation information presented to the orew. Where navigation 
switohing is available between Individual displays and between pilot positions, 
the first pilot should have overriding control for his displays. 

(9) IMC Evaluation. 
(i) As part of the flight test program, new helicopters undergoing 

IFR certification should be flown in the air traffio oontrol system in actual day 
and night instrument meteorological conditions. Items for consideration during 
the IMC evaluation include: 

(A) Ability of the rotororaft to safely operate in the National 
Airspace System, including crew capabilities to oope with probable malfunctions. 
Examples of failures imposed during this IMC evaluation on previous programs are 
shown below: 

(1) Hydraulio failure} 
(2) Individual COMM, NAV, or interoom failure; 
(3_) Engine failure; 
(4) Loss of any power input; 
(5) SAS failure; 
(6) Trim failure; and 
(7) Individual failure of eaoh vertioal and directional gyro. 
(B) Visibility during low approach oonditlons in precipitation. 
(C) Glare and reflections at night in clouds. 
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(D) Workload demands on the minimum fllghtorew including the 
failures in paragraph 775b(9)(A)(1). 

(E) Handling qualities in turbulence throughout the IFR 
approved envelope including typical IFR flight maneuvers; 

(1) With reasonably anticipated SAS failures; 
(2_) With reasonably probable control system failures 

(hydraulics, force trim, basic ship systems, etc.); 
(£) With the typical workload oonditions associated with 

operating in high density traffic areas; and 
(4) With other reasonable, probable failures. 
(F) Cockpit leaks In precipitation which affect pilot 

efficiency, safety, or rotorcraft airworthiness. 
(ii) Helioopters that are an improved, modified, or later model of 

previously approved type that have no significant changes in the fuselage and 
windshield configuration, the aircraft lighting system, and the rain removal 
systems do not need to be flown in olouds. They may need to be evaluated in 
clouds if, in the judgment of the flight test personnel, there is some doubt as to 
the similarity of the configuration. However, a previously approved helicopter 
undergoing IFR certification tests for a different SAS should not require a series 
of actual IFR flights just to determine pilot workload or whether it can be flown 
In olouds. 

(10) Statio Position Error. The static position error should be 
reevaluated to determine altimeter error during instrument approaoh conditions. 
This is particularly important when high angle approaches (above 3°) are 
approved. Statio position error for 3° approaches oan typically be approximated 
by the level flight error. The direotion of error is important. If the indicated 
value is lower than actual value, the error is in a conservative direction and 
further investigation may not be required. The direction and magnitude of static 
position error should be determined for steep angle approach conditions and 
additional information provided when necessary in the Rotororaft Flight Manual. 
An Investigation of statio system response during the go-around transition should 
be investigated. 

(11) Cross Coupling. IFR handling qualities are enhanced by providing 
low levels of coupling between axes. During the flight evaluation, pilots should 
be alert for strong oross coupling tendencies between yaw and pitch, heave 
(collective) and pitch, heave and roll, or roll and pitch. Any strong ooupling 
effects between these motions may produce unacceptable handling qualities for IFR 
flight. The rotororaft must be able to make a smooth transition from any flight 
oondition. As an example, large rolling or pitching moments with collective 
application would represent questionable handling characteristics for the IFR 
missed approaoh condition. 
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(12) Directional Instruments. A magnetio, gyro-stabilized direction 

indioator is speoified because navigation in instrument flight must be precise. 
In helicopters, the nonstabilized magnetic indicator is subject to many errors, 
particularly in turbulence. Therefore, it is inappropriate as the primary source 
of directional information, but it is adequate as an emergency source. A 
nonslaved direotional gyro is also inappropriate as the primary source of 
directional information because of drift and the requirement to set it to some 
other precise reference. 

(i) As a minimum for single pilot IFR, a nonstabilized magnetic 
indioator (suoh as a "whiskey compass") and a magnetic, gyroscopioally-stabilized 
direction indicator system (slaved) are required. 

(ii) The minimum for dual pilot certification includes the 
instruments required for single pilot and an additional independent gyroscopioally-
stabilized directional indioator system (slaved or nonslaved). 

(13) IFR Eleotrloal System, 
(i) General. 

(A) The entire electrical system, both AC and DC portions, 
must be reviewed with IFR operation in mind. This review is neoessary since most 
of the helicopters presently certificated do not inolude IFR operation as part of 
their certification. Many aspects of normal operation and results of failure 
conditions may be entirely acceptable for VFR operation but unacceptable for IFR 
operation. 

(B) Provisions should be made for a capability to continue to 
the destination in the event of a single failure in the electrical system. 
Paragraph 652 contains the definition of a "single failure." The evaluation of 
the system under failure conditions should consider not only the failure Itself 
but also the recommended oockpit procedure to respond to the failure. 

(C) The fault analyses of the electrioal system and the 
results of the system testing to validate that analysis serves as a good starting 
plaoe for the electrical system review. Failure of each generator, eaoh battery, 
and eaoh component, such as switohes and relays, should be acoounted for first 
since failure of equipment and components are the most probable. 

(D) System failure such as tripped oirouit breakers, blown 
fuses, loss of busses, loss of feeders, loss of ground terminals, and failure of 
electrical disconnect plugs should also be considered. 

(E) Routing of all wiring from eaoh power source throughout 
the distribution system should be reviewed. In all instances feeder wires should 
be routed separately from small gage control wiring. Also, wiring for each power 
system should be separated to the maximum extent practical from the wiring 
associated with other required power systems. 
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(F) A single eleotrloal disconnect plug should not oontain 

wiring for more than one generating system. Many systems incorporate automatic 
feeder fault protection that disables a power source experiencing a short oircuit 
on its feeder, and in some instanoes passive protection has been provided for the 
feeders. 

(G) There may be other failures that should be considered that 
are peculiar to the specific design being evaluated and, if so, an appropriate 
accounting of these failure should also be made. 

(ii) Review of Regulations. The airworthiness regulations concerning 
electrical systems begin with § 27.1301 (Ref: Subpart F - Equipment) and continue 
through § 27.1401. Other rules may also concern the electrical system; however, 
compliance with these sections should have been assured as part of the original 
VFR approval. 

(iii) Specific Emphasis Areas. In some previous installations, 
changes have been neoessary in the areas listed below. Future installations 
should be checked carefully in these areas and other areas that indicate a need 
for attention. 

(A) Systems Affected by Icing. Gross inaccuracies in altitude 
and airspeed indicators resulting from icing could be disastrous in IFR flight. 
For helioopters not equipped with approved alternate static sources, static ports 
should be oarefully evaluated and should either be heated or an analysis verified 
by flight test data submitted to substantiate leaving them unheated. Static line 
routing should be carefully evaluated for low spots. Also, if static ports are on 
the side of the helicopter, the lines should be initially routed upward just 
behind the static ports, then down to a drain. If the lines are initially routed 
upward, the lines will not fill with water when the helicopter is flown through 
rain or is washed. 

(B) Overvoltage Protection. A few helioopters may have this 
protection, but many do not. Since overvoltage protection is speoifioally 
required for IFR operation, the helioopter*s basic electrical system should be 
very oarefully reviewed for this capability. 

(C) Power Adequacy Indication. Most flight instruments that 
use a power supply have a visual means integral with the instrument to indicate 
the adequacy of the power being supplied. For those required flight instruments 
that are not provided with a visual means, the following must be aooounted for: 

(1) The visual means provided must be at least adjacent to the 
Instrument. 

(2) The visual means must be adequately plaoarded. 
(3J The power must be measured at or near the point where it 

enters the instrument. 
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(4) For eleotrioal instruments, the power is oonsldered to be 

adequate when the voltage is within approved limits. The source of power for the 
visual means of indication must be independent of the souroe of power for the 
instrument itself. Independent, in this oase, means a separate oiroult protective 
device and a separate distribution system bus. 

(D) Multiple System Separation. Multiple systems performing 
the same funotion are required in oertain instanoes beoause it is probable that a 
single system will fall. Separation of suoh systems would preolude a single fault 
from causing a multiple system failure. The following should be considered: 

(1) When possible, oable routing should be aooompllshed to 
ensure the maximum separation; for example, one system routed on one side of the 
helioopter and the other system on the opposite side. Some areas, suoh as 
pedestals, junotion boxes, and equipment raoks bring systems close together, and 
in these areas physioal separation may be minimal. 

(2) Systems that are required to be duplicated should not be 
routed through one electrical disconnect plug. 

(3_) System grounds should be evaluated to assure wiring for 
two required systems is not grounded to the same terminal. If a terminal strip 
oontalns grounds for multiple systems, it should be grounded to the helicopter's 
airframe in two plaoes from two separate terminals. 

(E) Circuit Protective Devices. All systems that are 
"required" for IFR operation are considered to be neoessary for safe IFR 
operation, and the circuit protective devices for those systems should generally 
be aooessible to the crew in the cockpit so they oan be readily reset or replaced 
in flight. The looation of the generator field protective devices has been a 
problem in some helicopters. The protective devioes that can result in the loss 
of a required power system should be accessible in the cockpit. This position is 
further supported by the occurrence of nuisance opening of circuit protective 
devioes in rotorcraft. Further discussion on this issue is included in paragraph 
655b(H) of this advisory ciroular. 

(F) Intercommunication System. All audio for the entire 
helioopter comes together at this system. An evaluation should be made to ensure 
that no single failure will result in the loss of all audio for the helicopter. 
Check for common grounds, oommon connectors, eto. Power inputs should also be 
disabled. 

Rotororaft Flight Manual Material. 
(i) In addition to other required information, the limitations 

section of the Rotorcraft Flight Manual (RFM) or RFM Supplement must inolude the 
approved IFR flight envelope, minimum IFR orew requirements, the minimum required 
equipment for dispatch into IFR conditions that is not oovered by the operating 
regulations, and the maximum approach gradient which has been approved. 
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(ii) The limitations seotion of the Rotororaft Flight Manual should 
not include restrictions prohibiting external cargo operations. These operations 
are covered by Parts 91 and 133 and all external load operations oonduoted under 
these parts must be approved by the controlling operations inspeotor. It is the 
responsibility of the operator to demonstrate, and the operations inspector to 
confirm, that any external load operation, including en route IFR, can be safely 
conducted. 
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a. Pretest Requirements. 
(1) General. This test guideline has been prepared as an aid in the 

evaluation of helioopter avlonios (aviation eleotronlcs) equipment installations 
The oriteria presented are not to be considered exclusive but are offered as one 
method of evaluating design praotioe and performance. The testing and 
qualification of an eleotronic installation should be considered as consisting c 
three phases: preinstallation, ground, and flight. The amount of testing 
necessary during eaoh phase will vary with the amount of testing performed on 
previous phases. For example, if a system is TSO'd, the preinstallation 
performance is probably substantiated, and therefore the ground and flight test! 
oan be reduoed accordingly. Also, a thorough ground testing program should rest 
In reduction in necessary flight testing. When the operating or airworthiness 
regulations require a system to perform its intended function, the use of TSO'd 
equipment or the submission of data substantiating the equipment performance is 
strongly recommended. 

(2) Regulatory References. Seotions 27.1301 and 27.1309 (through 
Amendment 27-19). 

(3) System Design. Systems or equipment presented for installation 
approval, when not qualified by TSO or other approval means, should be aocompani 
by sufficient data to substantiate their design acceptability. 

(1) Operation of Controls. The operation of oontrols intended for 
use during flight, in all possible position combinations and sequences, should r 
result in a condition that would be detrimental to the continued safe performance 
of the system. 

(11) Eleotrioal Shook. Systems should be designed so that under al 
probable conditions, the risk of dangerous eleotrioal shock is minimized. 

(iii) Fire Hazard. The design of the system should be such that all 
components meet the applicable fire and smoke protection requirements of §§ 27.8 
and 27.863. Cables and equipment to be installed in designated fire zones that 
are used during emergenoy procedures should be at least fire resistant. 

(iv) Plugs and Cables. Connector pins for sensitive signal circuit 
should not be adjaoent to pins used for ao power cirouits. If redundant wiring 
used to comply with systems regulations suoh as § 27.1309, the wires should be 
routed through separate plugs and/or oables with as muoh physioal separation as 
practicable. The system should be designed so that incorrect mating of plugs is 
not possible. Cable grounding and shielding techniques should be used to minimi 
electromagnetic interference. 

Chap 3 
Par 776 

776. CERTIFICATION PROCEDURE FOR HELICOPTER AVIONICS EQUIPMENT. 



8/29/85 AC 27-1 
(4) System Performance. Where the operating or airworthiness 

regulations require a system to perform its intended funotion, and when the 
equipment is not qualified by TSO or other approval means, performance data 
furnished to the FAA oan reduoe the installed performance testing. The 
appropriate TSO minimum performance standard may be used as a guide. 

(1) Environment. An appropriate means for environmental testing is 
set forth in Radio Teohnical Commission for Aeronautics (RTCA) document D0-160A. 
The applicant should submit test reports showing that the laboratory tested 
categories suoh as temperature, vibration, altitude, etc., are compatible with the 
environmental demands to be plaoed on the helioopter. 

(ii) Failure Analysis. Seotion 27.1309(b) requires consideration of 
system malfunctions or failures. 

(5) Installation Design. 
(i) Meohanioal Installation. Installations should be made to 

(1) ensure compliance with the airworthiness regulations, and (2) comply with the 
equipment manufacturer's recommendations. The designer should observe good 
engineering practices in specifying material type, thickness, fastener type, edge 
distance, and attachment to the equipment rack. By analysis or statio tests, the 
mounted equipment should be shown to withstand the inertia forces of 
S$ 27.561(b)(3) and 27.337. Refer to AC 43.13-2A for statio test procedures. 

(ii) Arrangement and Visibility. The mounting position of all 
instruments, switches, position labels, and control heads should make them plainly 
visible to the pilot while In his normal, panel-faoing position and under all 
oookpit lighting conditions likely to ooour. TSO approval does not assure 
instruments will be acceptable in a particular cockpit installation or for all 
lighting oonditions. The instruments, switches, and placarding must be free from 
reflections. Malfunction annunciation devices should be oonspiouous and olearly 
visible to the pilot. (See AC 20-69 and §§ 27.1321, 27.771, 27.1381, 
and 27.1555(a)), 

(iii) Load Analysis. 
(A) Power Sources. It should be determined whether the 

eleotrloal power souroe capacity is adequate for the system installation under all 
foreseeable operating conditions including engine failure on multiengine 
helicopters. System load reductions should be applied or power source capacity 
increased, if neoessary, to assure compatibility between load and source. If 
duplioate systems are required, they should be powered from separate buses. 

(B) Navigation Course Deviation Circuit Loading. It should be 
determined that the deviation cirouit souroe impedance is matched by its load and 
that the souroe oapaoity is not exceeded. When the system is capable of transfer, 
the transfer loads should also be oonsidered (§ 27.1301). 
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(C) Malfunction Indioator Cirouit Loading. It should be 

determined that the malfunction indicator source impedance is matched by its loads 
and that the source oapacity is not exceeded. When the system is capable of 
transfer, the transfer loads should also be considered {§ 27 .1301) . 

(D) Synchro Signal Loading. When parallel loads are added to 
synchro's, the manufacturers* specifications should be reviewed to assure that the 
additional loads do not result in an overloaded synchro. 

(iv) Interface. In many cases, the mating units of a system are 
designed by different manufacturers. For example, a brand-X gyro may be designed 
for operation with a brand-X flight director, but later a modifier decides to 
operate a brand-Y autopilot with the brand-X gyro. This applies just as well to 
NAV receivers, AREA NAV units, course indicators, omni bearing selectors, 
taohometer indicators, transmitters, and many other equipment items. When this is 
the case, the applicant should provide data, in summarized form, desoribing those 
oharacteristlos suoh as impedance, volts, etc., that are necessary to ensure a 
compatible and reliable system. The data should also referenoe the souroe of the 
interface data (§ 27*1301) . 

(v) Flight Tests. An FAA engineering flight test is required during 
type certification or after modification that ohanges the established limitations, 
flight characteristics, or performance of a helicopter or any of its required 
systems or operating procedures. New installations of equipment in the cookpit or 
modifications that affect existing equipment in the cookpit should be evaluated by 
appropriate flight test personnel if it is necessary to evaluate operational 
aspects of the ohange. Where possible, oockpit arrangement, placards, markings, 
instrument visibility, and light reflections can be evaluated on the ground if the 
applicant opts to darken the windows. Electromagnetic compatibility functional 
checks, windshield glare, and pilot workload evaluations may be conducted in 
flight at the FAA flight test pilot's option. 

b. Test Prooedures. Where the airworthiness or operating regulations 
require a system to perform its intended funotion, and/or not create a hazard to 
other required systems, sufficient testing should be accomplished to assure 
satisfactory performance. When ground testing is not sufficient to properly 
evaluate a system's performance, flight testing should be accomplished. 
Acceptable flight test criteria for specific navigation and communication 
equipment are oontained herein. If the rotororaft is to be approved for IFR 
operations, the additional criteria of paragraph 775 of this advisory circular 
should be satisfied. 

(1) VHF Systems. 
(1) General. Intelligible communications should be provided between 

the rotororaft and ground facilities throughout the airspace within 80 nautioal 
miles (NM) of an FAA ground facility from radio line of sight altitude to the 
maximum altitude for whioh the rotororaft is certificated. Communication should 
be provided with the rotororaft at or above line of sight altitude in right and 
left bank up to 10° and on all headings. Radio line of sight oan be computed from 
the formula dj, - .87 (/2Hi + /Iĥ ) where dL is the distance in nautioal 
miles, % is the ground antenna height in feet, and H*2 is the airborne antenna 
height in feet. 
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(11) Bleotromagnetio Compatibility (EMC). With all eleotrioal/ 

electronic systems operating in flight, verify by observation that no adverse 
effects are present. 

(ill) Antenna Measurement. If satisfactory antenna measurement data 
are provided, the following flight test may be reduoed to oheoks in right and left 
turns in the vicinity of the predioted bearings of worst performance. If antenna 
locations are symmetrical, tests may be oonduoted using only one direction of turn. 

(A) Long Range Reception. Starting at a distance of 80 NM from 
the ground facility antenna, perform a right and/or left 360° turn at a bank angle 
of at least 10°. Communicate with the ground facility every 10° of turn to test 
the intelligibility of the signals received at the ground station and in the 
rotorcraft. For 80 NM, the minimum line of sight altitude is approximately 
4,000 feet. 

(B) Approaoh Configuration. With the landing gear down and 
with the rotororaft in the approaoh configuration (at a distanoe of 10 NM from the 
ground station and in an idle power descent toward the station), demonstrate 
intelligible communications between the rotorcraft and the ground faoillty. 

(2) HF Systems. 
(1) Aooeptable communications should be demonstrated by contacting a 

ground facility at a distanoe of at least 80 NM. Single sideband equipment should 
also perform aooeptably in the amplitude modulation mode of operation. 

(ii) It should be demonstrated that precipitation statio is not 
exoesslve when the airoraft is flying at cruise speed (in areas of high electrical 
activity, including clouds and rain if possible). Use the minimum amount of 
Installed disohargers for which approval is sought. 

(3) VOR Systems. 
(i) These flight tests may be reduoed if adequate antenna radiation 

pattern studies have been made and these studies show the patterns to be without 
significant holes (with the rotororaft configurations used in flight, i.e., 
landing gear retraoted en route and extended for approach). Particular note 
should be made in recognition that oertain rotor r.p.m. settings may cause 
modulation of the oourse deviation indication (rotor modulation). VOR performance 
should be ohecked for rotor modulation in both approaoh and en route operation 
while varying rotor r.p.m. throughout Its normal range. 

(11) The airborne VOR system should operate normally with warning 
flags out of view at all headings of the rotororaft (in level flight) throughout 
the airspaoe within 80 NM of the VOR faoillty while flying above the radio line of 
sight altitude to within 90 to 100 peroent of the maximum altitude for whioh the 
rotororaft is certified. 
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(111) The accuracy determination should be made such that the 

indioated reciprocals agree within 2°. Tests should be conducted over at least 
two known points on the ground such that data are obtained in each quadrant. Data 
should correlate with the ground calibration and in no oase should the absolute 
error exoeed +6°. Fluctuation of the oourse deviation indication should not be 
excessive. 

(A) En route Reoeptlon. Fly from a VOR faoility along a radial 
to a range of 80 NM, The VOR warning flag should not come into view nor should 
there be deterioration of the station identification signal. The oourse width 
should be 20° (+5° toleranoe, 10° either side at the seleoted radial). If 
practical, perform en route segment on a doppler VOR station to verify the 
compatibility of the airborne unit. Large errors have been found when 
incompatibility exists. 

(B) Long Range Reception. Perform a 360° right and a 360° left 
turn at a bank angle of at least 10° at an altitude just above radio line of sight 
(see b(l)(a) for line of sight altitude) and at a distance of 80 NM from the VOR 
faoility. Signal dropout should not oocur as evldenoed by the malfunction 
indloator appearance. Dropouts that are relieved by a reduction of bank angle at 
the same relative heading to the station are satisfactory. The VOR identification 
should be satisfactory during the left and right turns. 

(C) En route Station Passage. Verify that the To-From 
indicator correctly ohanges as the rotororaft passes through the cone of confusion 
above a VOR facility. 

(4) Localizer Systems. 
(i) Flight test requirements may be modified to allow for adequate 

antenna radiation pattern measurements as discussed under VOR, 
paragraph 776b(3)(i), flight test. 

(ii) The signal input to the receiver presented by the antenna system 
should be of sufficient strength to keep the malfunction indicator out of view 
when the rotorcraft is in the approach configuration and at least 10 NM from the 
station. This signal should be received for 360° of rotorcraft heading at all 
bank angles up to 10° left or right at all normal pitch altitudes, and at an 
altitude of approximately 2,000 feet* 

(iii) The deviation indicator should properly direot the aircraft baok 
to oourse when the rotorcraft 1B right or left of course. 

(iv) The station identification signal should be of adequate strength 
and sufficiently free from interference to positive station identification, and 
voioe signals should be intelligible with all electric equipment operating and 
pulse equipment transmitting. 

(v) Localizer performance should be checked for rotor modulation in 
approach while varying rotor r.p.m. throughout its normal range. 
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(A) Localizer Intercept* In the approaoh configuration and a 
distanoe of at least 10 NM from the localizer facility, fly toward the localizer 
front course, inbound, at an angle of at least 50°. Perform this maneuver from 
both left and right of the looalizer beam. No flags should appear during the time 
the deviation indicator moves from full defleotion to on oourse. If the total 
antenna pattern has not been shown by ground oheoks or by VOR flight evaluation to 
be adequate, additional intercepts should be made. 

(B) Looalizer Tracking. While flying the looalizer inbound and 
not more than 5 miles before reaohing the outer marker, ohange the heading of the 
rotororaft to obtain full needle defleotion. Then fly the rotororaft to establish 
looalizer on oourse operation. The looalizer deviation indicators should direot 
the rotororaft to the looalizer on oourse. Perform this maneuver with both a left 
and a right needle deflection. Continue tracking the looalizer until over the 
transmitter. At least three acceptable front and back oourse flights should be 
conducted to 200 feet or less above threshold. 

(5) Glide Slope Systems. 
(1) Flight Test. The signal input to the reoeiver should be of 

sufficient strength to keep the warning flags out of view at all distanoes to 
10 NM from the facility. This performance should be demonstrated at all aircraft 
headings from 30° left to 30° right of the looalizer course. The deviation 
indioator should properly direot the airoraft back to path when the aircraft is 
above or below path. Interference with the navigation operation should not ocour 
with all rotorcraft equipment operating and all pulse equipment transmitting. 
There should be no interference with other equipment as a result of glide slope 
operation. 

(ii) Glide Slope Intercept. While flying the looalizer course 
inbound in level flight, intercept the glide slope below path at least 10 NM from 
the station. Observe the glide slope deviation indioator for proper crossover as 
the aircraft flies through the glide path. There should be no flags from the time 
the needle leaves the full-scale fly-up position until it reaches the full-soale 
fly-down position. 

(iii) Glide Slope Tracking. While tracking the glide slope, maneuver 
the aircraft through normal pitch and roll attitudes. The glide slope deviation 
indicator should show proper operation with no flags. At least three aooeptable 
approaches to 200 feet or less above threshold should be conducted. 

(iv) Interference. With all rotorcraft electrical equipment 
operating and all pulse equipment transmitting, determine that there is no 
interference with the glide slope operation (some interference from the VHF may be 
aooeptable), and that the glide slope system does not interfere with other 
equipment. 

(v) Glide slope performance should be cheoked for rotor modulation 
during the approaoh while varying rotor r.p.m. throughout its normal range. 
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(6) Marker Beacon System* 

(1) The marker beacon annunciator light should be 
illuminated for a period of time representing 2,000 to 3,000 feet distance 
when flying at an altitude of 1,000 feet as it passes over a marker beacon 
(see following table). 

Altitude = 1,000 feet (AGL) 
Ground Speed Light Time (Seconds) 

Knots 2,000 feet 3,000 feet 
90 13 20 
110 11 16 
130 9 14 
150 8 12 

(ii) The audio signal should be of adequate strength and sufficiently 
free from interference to provide positive identifioation. 

(iii) Teohnioal: Approach the markers at a ground speed of 130 knots 
and at an altitude of 1,000 feet above ground level* While passing over the outer 
and middle markers with the localizer deviation indicator centered, the 
annunoiators should be illuminated for a period of 9 to 14 seoonds. Check for 
acceptable intensity of the indioator lights in bright sunlight and at night. For 
slower rotorcraft, the interval should be proportionately longer. 
NOTE: It is recognized that the normal altitude at the middle marker Is on the 
order of 150 to 200 feet. Due to variations in both glide slope angle and 
position of the middle marker in relation to the runway, the on glide path marker 
width will vary considerably which in turn will give a widely varying light time. 
Therefore, the more dearly defined criteria at 1,000-feet altitude should be used 
for quantitative testing of the middle marker function. 

(7) Automatio Dlreotlon Finding Equipment (ADF). 
(i) Range and Accuracy. The ADF system installed In the rotorcraft 

should provide operation with errors not exceeding 5° and the aural signal should 
be olearly readable up to the distanoe listed for any one of the following types 
of radio beacons: 

(A) 50 NM from an H facility (transmitter power 50-2,000 watts). 
(B) 25 NM from an MH facility (transmitter power less than 

50 watts). 
(C) 15 NM from a oompass locator (transmitter power less than 

25 watts). 
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(11) Needle Reversal. The ADF indioator needle should make only one 

180° reversal when the rotororaft flies over a radio beaoon. This test should be 
made both with and without the landing gear extended. 

(ill) Indioator Response. When switching stations with relative 
bearings differing by approximately 175°, the indioator should indioate the new 
bearing within +5° within 10 seoonds. 

(iv) Antenna Mutual Interaction. For dual installations, there 
should not be exoessive coupling between the antennas. 

(v) Teohnique. 
(A) Range and Aoouraoy. Tune in a number of radio beacons 

spaced throughout the 200 to 415 kH range and located at distances near the 
maximum range for the beaoon (see 776b(7)(i), Range and Aoouraoy). The 
identification signals should be clear and the ADF should indioate the approximate 
direotion to the stations. Beginning at a distance of at least 15 NM from a 
oompass locator in the approach configuration, fly inbound on the localizer front 
oourse and make a normal ILS approach. Evaluate the aural identification signal 
for strength and clarity and the ADF for proper performance with the reoeiver in 
the ADF mode. All electrical equipment on the airoraft should be operating and 
all pulse equipment should be transmitting. Fly over a ground oheok point with 
relative bearings to the facility of 0°, 45°, 90°, 135*, 180°, 225°, 270°, and 
315°. The lndioated bearings to the station should correlate within 5°. 

(B) Needle Reversal. Fly the airoraft over an H, L0M, or LMM 
faoility at an altitude of 1,000 to 2,000 feet above ground level. The indioator 
needle should make only one reversal. 

(C) Indicator Response. With the ADF indicating station dead 
ahead, switoh to a station having a relative bearing of approximately 175*. The 
indioator should indioate within +5° of the bearing in not more than 10 seconds. 

(D) Antenna Mutual Interaction. If the ADF installation being 
tested is dual, oheok for coupling between the antennas by using the following 
procedure. 

(1) With #1 ADF reoeiver tuned to a station near the low end of 
the ADF band, tune the #2 reoeiver slowly throughout the frequenoy range of all 
bands and determine whether the #1 ADF indioator is adversely affeoted. 

(2) Repeat 776b(7)(v)(A) with #1 ADF reoeiver tuned to a 
station near the high end of the ADF band. 

(8) Distance Measuring Equipment (DME). 
(i) The DME system should: 
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(A) Continue to traok without dropouts when the rotororaft is 

maneuvered throughout the air spaoe within 80 NM of the VORTAC station and at 
altitudes from the radio line of sight to the maximum altitude for whioh the 
rotororaft is certificated. This traoklng standard should be met with the 
rotorcraft in the cruise configuration, at bank angles up to 10°, climbing and 
descending at normal maximum climb and desoent attitude, and orbiting a DME 
facility. 

(B) Provide clearly readable identification of the DME 
faoility. 

(C) DME operation should not Interfere with other systems 
aboard the rotorcraft (some interference with the transponder may be aooeptable), 
and DME operation should not be adversely affected by other equipment. 

(D) DME Hold. The DME should continue to operate and traok 
when DME Hold is activated and the ohannel switoh is varied. 

(E) DME Override. When an override switoh is provided, proper 
operation should be demonstrated. 

(ii) Teohnique. 
(A) Long Range Reception. Perform two 360° turns, one to the 

right and one to the left, at a bank angle of 8° to 10° at least 80 NM from the 
DME facility. A single turn will be suffioient if the antenna Installation is 
symmetrical. There should be no more than one unlook, not to exoeed one search 
cycle (maximum 35 seconds), in any 5 miles of radial flight. 

(B) Approaoh. Make a normal approaoh to land at a field with a 
DME located on the airport. The DME should traok without an unlook (station 
passage excepted). 

(C) DME Hold. With the DME tracking, activate the DME hold 
function. Change the ohannel selector to a looalizer frequency. The DME should 
continue to track on the original station. 

(9) Transponder Equipment. 
(1) Performance Criteria. The ATC transponder system should furnish 

a strong and stable return signal to the interrogating radar faoility when the 
rotorcraft is flown in straight and level flight throughout the air spaoe within 
80 NM of the radar station from radio line of sight to within 90 to 100 percent of 
the maximum altitude for whioh the rotororaft is certificated. The airborne 
system should be oontrollable so that objeotionable ring-around, spoking, and 
olutter will not persist. The transponder system should not interfere with other 
systems aboard the rotororaft and other equipment should not interfere with the 
operation of the transponder system (some interference from DME operation may be 
acceptable). When the rotororaft is flown In the following maneuvers within the 
airspace described above, the dropout time should not exoeed 20 seconds. 

(A) In turns at bank angles up to 10°. 
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1376 (thru 1382) 
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777. STANDARDIZED TEST PROCEDURE FOR HELICOPTER DC ELECTRICAL SYSTEMS. 
(RESERVED) 

778. STANDARDIZED TEST PROCEDURE FOR HELICOPTER GENERATOR COOLING. 
a. Test Requirements. 

(1) General. The applioant should oontaot the generator (alternator) 
manufacturer and obtain the maximum limits for the unit to be tested. This will 
normally be In terms of temperatures at various looations within the unit 
(stator, bearings, diodes, heat sinks, brushes, etc) or in terms of pressure 
drop aoross the generator. The manufacturer should either supply an instrumented 
unit or give complete details for instrumenting the test unit. 

(2) Instrumentation. 
(i) Load Bank. A load bank will usually be neoessary to load the 

test unit to the amperage limit for whioh approval is requested. 
(ii) Ammeter. An ammeter should be provided with sufficient 

resolution to assure the amperage load is being maintained at the desired level. 
(iii) Temperature/Pressure Readouts. Readouts whioh are compatible 

with the temperature or pressure sensors installed in the test unit should be 
provided. 

(iv) Calibration Reoords. Calibration records should be available 
for all instrumentation. 

(v) Recordings. Permanent recordings should be provided for time, 
temperatures, ourrent, and/or pressure. The recording device should have 
provisions for placing event marks on the recording medium. 

(3) Regulatory References. Sections 27 .1301, 27.1309, 27.1351, 
27.1521(f), 27.1041, 27.1043, 27.1045 (through Amendment 27-19). 

(4) Miscellaneous. The results obtained from the tests should be 
corrected for hot-day conditions using a standard lapse rate (3.6 °F/1,000 
feet). 

b. Test Procedures. 
(1) Single-Engine Prooedure. 

(1) The cooling test is to be oonduoted during ground operation and 
climb-out, cruise, and approach flight regimes. 

(ii) All ground operational and in-ground-effeot hover tests should 
be conducted in ambient winds of 5 knots or less. 
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(13) Doppler Navigation. Doppler Navigation System installed 

performance should be evaluated in aooordanoe with AC 121-13. (See Part 121, 
Appendix 0). 

(14) Radio Altimeters. Radio Altimeter System installed performance 
should be evaluated in accordance with RTCA Document DO-123, Appendix A, Part II. 

(15) Emergency Looator Transmitters (ELT). ELT performance should be 
evaluated in accordance with TS0-C91. (See AC 20-81 concerning accidental 
aotivation). ELT installations should be examined for potential operational 
problems. There have been numerous instances of interaction between ELT and other 
VHP installations. ELT antenna installations in close proximity to other VHP 
antennas should be suspeot. Antenna patterns of previously installed VHF antennas 
could be measured after an ELT installation. Some problems caused by ELT 
installations are as follows: 

(i) Loss of radiated power from VHF communications. 
(11) Reradiation of VHF transmitter energy suoh that navigation 

crosspointers are affooted. 
(Hi) Reception of FM broadcast, at high level, in VHF 

communications. 
(iv) Inadvertent aotivation of the ELT by VHF transmitted energy. 

(See AD 72-22-3). 

(16) Audio Interphone Systems. Acceptable communications should be 
demonstrated for all audio equipment inoluding microphones, speakers, headsets, 
and interphone amplifiers. All modes of operation should be tested, including 
operation during emergenoy conditions (i.e., emergenoy descent, and oxygen masks) 
with all rotorcraft engines running, all rotorcraft pulse equipment transmitting, 
and all electrical equipment operating. 

(17) Portable Battery Powered Megaphones. Megaphone performance should 
be evaluated in accordance with AC 121-6. 

(18) Omega and Omega/VLF Navigation Systems. Omega and Omega/VLF 
Navigation systems should be evaluated In aooordanoe with the following advisory 
oiroular that applies to the type of approval requested: 

(1) AC 120-37, Approval of Omega Systems as a Sole Means of 
Overwater Long Range Navigation. 

(ii) AC 120-31A, Approval of Airborne Omega Navigation Systems as a 
Means of Updating Self-oontained Navigation Systems. 

(iii) AC 20-101B, Approval of Omega and Omega/VLF Navigation. 
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(B) Climbing and descending at normal maximum climb and 

descent attitude. 
(C) Orbiting a radar facility, 

(il) Technique. 
(A) Climb and Distance Coverage: Beginning at a distance of 

at least 10 NM from and at an altitude of 2,000 to 3,000 feet above that of the 
radar facility and using a transponder code assigned by the ARTCC, fly on a 
heading that will pass the rotorcraft over the facility. At a distance of 5 to 
10 NM beyond the facility, operate the rotorcraft to maintain an altitude above 
radio line of sight while maintaining the aircraft at a heading within 5° from the 
radar facility to 80 NM from the radar facility. 

(B) Communioate with the ground radar personnel for evldenoe 
of transponder dropout. During the flight, oheok the "Ident" mode of the ATC 
transponder to assure that it is performing its intended function. Determine that 
the transponder system does not interfere with other systems (except possibly the 
DME) aboard the rotororaft and that other equipment (except possibly the DME) does 
not interfere with the operation of the transponder system. There should be no 
dropouts, that is, when there is no return for two or more sweeps. If 
ring-around, spoking, or clutter appear on the ground radar scope, the aircraft 
should switoh to "low" sensitivity to reduce the interference. Uncontrollable 
ringing that hinders use of the ground radar should be considered unsatisfactory. 
The operation of the DME should be verified over the station at 25 NM and at 80 NM. 

(C) Long Range Reception. Perform two 360° turns, one to the 
right and one to the left, at bank angles of 8° to 10° with the flight pattern 
80 NM from the radar facility. During these turns, the radar display should be 
monitored and there should be no signal dropouts (two or more sweeps). 

(10) Weather Radar Equipment. 
(i) Bearing Accuranoy. The indicated bearing of objeots shown on 

the display should be within 5° of their actual magnetic bearing within the 
sectors 40° right and left of the airoraft longitudinal axis. Beyond 40° right 
and left, bearing accuracy should be +10°. 

(ii) Distance of Operation. The radar should be capable of 
displaying prominent targets throughout the distance and angular range of the 
display. 

(ill) Antenna Stabilization. When antenna stabilization is provided, 
it should eliminate blurring of the display for the ranges of pitch and roll for 
which it is designed. 

(iv) Beam Tilting. The radar antenna should be installed so that 
its beam is adjustable to any position between 10° above and 10° below the plane 
of rotation of the antenna. 

Chap 3 
Par 776 1373 



/ AC 27-1 8/29/85 
(v) Teohnlque * 
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(A) Bearlne Aoouracy. Fly under conditions whioh allow visual 
identification of a target, suoh as an island, a river, or a lake, at a range 
within 10 percent of the maximum range of the radar. When flying toward the 
target, select a course that will pass over a reference point from whioh the 
bearing to the target is known. When flying a course from the referenoe point to 
the target, determine the error in displayed bearing to the target on all range 
settings. Change heading in increments of 10° and determine the error in the 
displayed bearing to the target. 

(B> Contour Display <Iso Eoho). If heavy cloud formations or 
rainstorms are reported within a reasonable distance from the test base, select 
the contour display mode. The radar should differentiate between heavy and light 
precipitation. In the absence of the above weather conditions, determine the 
effectiveness of the contour display funotion by switching from normal to contour 
display while observing large objects of varying brightness on the Indicator. The 
brightest objects should beoome the darkest when switching from normal to contour 
mode. 

(C) Stability. While observing a target return on the radar 
indioator, turn off the stabilizing funotion and put the airoraft through pitch 
and roll movements. Observe the blurring of the display. Turn the stabilizing 
meohanism on and repeat the roll and pitch movements. Evaluate the effectiveness 
of the stabilizing function in maintaining a sharp display. 

(D) Ground Mapping. Fly over areas containing large, easily 
identifiable landmarks such as rivers, towns, islands, coastlines, etc. Compare 
the form of these objects on the indicator with their actual shape as visually 
observed from the cockpit. 

(E) Mutual Interference. Determine that no objeotionable 
interference is present on the radar indioator from any electrical or 
radio/navigational equipment when operating, and that the radar installation does 
not interfere with the operation of any of the rotorcraft's radio/navigational 
systems. 

(11) Area Navigation. Advisory Circular 90-45A is the basio criteria 
-for evaluating an area navigation system, inoluding acceptable means of oomplianoe 
to the FAR. 

(12) Inertial Navigation. Advisory Circular 25-4 is the basio criteria 
for the engineering evaluation of an inertial navigation system (INS) and offers 
acceptable means of compliance with the applicable FAR which contain mandatory 
requirements in an objective form. The engineering evaluation of an INS should 
also Include awareness of AC 121-13 whioh presents criteria to be met before an 
applioant can get operational approval. For flights up to 10 hours, the radial 
error should not exceed 2 NM per hour of operation on a 95 percent statistical 
basis. For flights longer than 10 hours, the error should not exoeed +20 NM 
cross-track or +25 NM along track error. A 2 NM radial error Is represented by a 
circle, having a radius of 2 NM, oentered on the selected destination point. 
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(iii) The battery may be connected to the bus during the 

generator/alternator cooling test. The generator/alternator temperatures should 
be recorded at intervals sufficiently olose to show the rate of temperature 
inorease and stabilization. The temperature may be considered stabilized when it 
peaks and has not increased in the last 5 minutes. The climb-out speed and power 
setting should correspond to the best rate of olimb speed, using maximum 
continuous power or any other normal conditions of olimb that would cause the 
generator/alternator temperatures to be critical. The cruise test should be 
oonduoted at maximum altitude in the cruise configuration. Generator/alternator 
oooling should be oonduoted at rated output consistent with the r.p.m. at whioh 
it is operating. For instanoe, during the ground tests the engine r.p.m. may be 
lower than that necessary to sustain maximum rated amperage output. In this case 
the maximum amperage output of the generator/alternator corresponding to the 
lower r.p.m. should be assured* 

(iv) The test sequence should begin with about 30 minutes of ground 
operation to aocount for taxi and holding times and end 5 minutes after all 
temperatures have peaked after engine shutdown* 

(2) Multiengine Procedures. Conduct a generator oooling test in 
aocordance with the following procedures: 

(i) All ground operational and in-ground-effeot hover tests should 
be conducted in ambient winds of 5 knots or less. 

(ii) After engine start, load the instrumented generator to its 
proposed amperage limit and begin recording temperatures* 

(iii) A total of 30 minutes should be spent on the ground prior to 
takeoff. This is to aocount for taxi and holding times. 

(iv) After takeoff, climb at single-engine, best-rate-of-climb speed 
using maximum continuous power, to the single-engine servioe ceiling. Above 
this, continue at twin-engine, best-rate-of-climb speed, using maximum continuous 
power on both engines, to maximum altitude. 

(v) Cruise at maximum altitude until all generator temperatures 
stabilize. Temperatures shall be considered stabilized when they have peaked and 
have not inoreased for a period of 5 minutes. 

(vi) Descend, conduct an approaoh to inolude a go-around, hover 
until temperature stabilizes, then land and continue to reoord temperatures after 
shutdown until 5 minutes after all temperatures have peaked. 

(vii) Conduot cooling tests with the helioopter hovering at both the 
minimum and maximum hover altitudes. 
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(vili) Correct all results for hot day conditions. Use the standard 
lapse rate of 3.6 "F/l.OOO feet for consideration of altitude. See paragraph 621 
of this advisory circular for details on temperature correction. 

(ix) If at any time during the testing it appears the manufacturer's 
limits are to be exceeded, the amperage load on the test generator/alternator 
should be reduced to prevent this from happening. 
779. ANNUCIATOR PANELS. (RESERVED) 

780. DEFINITION OF ENGINE ISOLATION FEATURES AS APPLIED TO 
$T27.79(bM2J, 27.141(b)(1), AND 27.145(d)(1) ( th rough 
Amendment 27-19). 

a. Explanation. 
(1) Each of the cited performance and flight characteristic sections of 

Part 27 mention multiengine rotorcraft meeting transport Category A engine 
isolation requirements or refer to engine isolation features which ensure 
continued operation of the remaining engine. Unlike normal category fixed-wing 
(Part 25, § 25.903(c)) and the transport category fixed-wing and rotorcraft 
regulations, Part 27 does not provide a general engine isolation rule to make 
this determination. 

(2) While it is clear that Part 27 does not require complete engine 
isolation, if credit for this feature is claimed (i.e., sudden complete engine 
power failure is not considered in showing compliance with the cited section), 
criteria must be established to allow a satisfactory isolation assessment. 

(3) An approach which the FAA would find acceptable in making a Part 27 
engine isolation determination is given. The FAA logic for establishing this 
criteria is also presented. 

b. Criteria. 
(1) The engine isolation provided may be for an appropriate limited 

time period. 
(2) The failure or malfunction of any engine or the failure of any 

system that can affect any engine will not™ 
(i) Prevent the continued safe operation of the remaining engines 

for the appropriate limited time period; or 
(ii) Require immediate action by a orewmember for continued safe 

operation. 
(3) Each engine must be isolated by a firewall, shroud, or equivalent 

means from the remaining engines. 
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c. Criteria Rationale. 
(1) Category A Minimum Time for Isolation. The acceptance of a limited 

time period for engine 'is'oTafi'on is' consistent with the acceptance of a reduced 
level of safety for a Part 27 helicopter. The criteria is also consistent with 
the Part 27 philosophy of allowing for a controlled landing following engine 
failure versus the Part 29 Category A principle of continued safe flight and a 
controlled landing. 

(2) Installation Analysis. 
(i) The degree of engine isolation can be established by an 

installation assessment against the § 29.903(h) general isolation requirement, as 
modified for Part 27 by a limited time period concept. 

(ii) Table 780-1 is a listing of the Part 29 sections that may be 
involved in Category A engine isolation considerations. Sections 29.901(c) and 
29.903(b) are the general Isolation regulations under which the other more 
specific rules naturally fall. The point that the selection of specific rules 
from Table 780-1 does not achieve the desired degree of transport Category A 
engine isolation, and that the general isolation rules (§§ 29.901(c) and 
29.903(b)) must be used, is illustrated by the following examples. 

(A) Example #1. No specific requirement from Part 29 (or 
Table 780-1) can be cited which precludes a common engine mount. The design of 
the mount could be such that its failure results in sudden, complete power loss 
from all engines. 

(B) Example #2. No specific Part 29 requirement prohibits a 
common engine induction system. F.O.D., fire in the induction system, or the 
adverse affect of engine surge on the remaining engine could result in sudden, 
complete power loss from all engines. 

(C) Example #3. Crosstalk between engine fuel controls 
(possibly used for power matching) or the use of a common input parameter signal 
to the fuel controls is not prohibited by any specific isolation rule. Signals 
could be received which command the simultaneous shutdown of all engines. 

(iii) These examples clearly illustrate that specific Part 29 
isolation rules cannot be selected to establish appropriate Part 27 engine 
isolation, and that the installation must be evaluated by the general isolation 
policy set forth. This can be readily accomplished by a failure mode and effects 
analysis (FMEA). 

(3) Firewalls. 
(i) CAR 6.483, prior to Amendment 6-4, effective May 15, 1953, 

requires "All engines, auxiliary power units, fuel burning heaters, and other 
combustion equipment which are intended for operation in flight shall be isolated 
from the remainder of the rotorcraft by means of firewalls, shrouds, or other 
equivalent means." This rule would clearly require a firewall between engines of 
multiengine rotorcraft. 
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(11) Amendment 6-4 revised § 6.483 to read "Engines shall be 

isolated from personnel compartments by means of firewalls, shrouds, or other 
equivalment means. They shall be similarly isolated from the struoture, 
oontrols, rotor meohanism, and other parts essential to a controlled landing of 
the rotororaft . . ." (remainder essentially identical to current § 27.1191). 

(ill) The preamble explanation of Amendment 6-4 states that these 
ohanges are "intended to afford greater protection to the orew and passengers in 
the event of fire during flight." This revision did not intend to authorize less 
firewall isolation between the engines than was required by the earlier version. 
Also, the subsequent paragraphs clearly require firewalls between other 
combustion equipment and the rest of the rotororaft (§ 27.1191(b)). To accept 
anything less for the engine is clearly inappropriate. Further, § 23.1191 
requires firewalls or equivalent means between each engine and the rest of the 
airplane, and current safety requirements pertaining to in-flight fires should be 
no less stringent for normal category rotorcraft. 

(iv) The lack of a firewall between engines or any other design 
arrangements which, in the event of one engine failure creates definable jeopardy 
for the remaining engines, will result in a significantly lower level of safety 
than is being assumed by the operators. 

(v) A regulation change to olarify this § 27.1191 rule is planned. 
d. Guidance. 

(1) The minimum appropriate limited time period of engine isolation 
whioh would allow establishment of a one-engine-inoperative HV diagram, 
§ 27.79(b)(2), would be defined by the time increment to recognize the engine 
failure and to make a landing from the most oritical point on the desired HV 
diagram. 

(2) The minimum appropriate limited time period of engine isolation to 
show compliance with §§ 27.141(b)(1) and 27.143(d)(1) considering the sudden 
power failure of one engine (rather than sudden complete power failure) would be 
the time increment to recognize the engine failure and to transition to a flight 
condition where failure of the remaining engine can be tolerated. 

(3) Some existing provisions of Part 27 require isolation of certain 
systems (oil, fuel, and engine controls) without regard to a limited time 
period. These existing Part 27 engine isolation provisions must be observed 
regardless of the polloy discussed herein. 

(4) The limited time period concept must not be utilized to eliminate 
protection otherwise required by specific rules of Part 27 or to reduce aooepted 
test conditions. For example, lines whioh carry flammable fluids in areas 
subjeot to engine fire conditions must be fire resistant (§ 27.1183(a)). Fire 
resistant hose standards require testing for at least 5 minutes at 2000°F. 
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(5) A failure mode and effeots analysis (FMEA) should establish that 
the failure or malfunction of any engine or the failure of any system that oar 
affeot any engine will not— 

(i) Prevent the oontinued safe operation of the remaining engine 
for the appropriate limited time period. 

(ii) Require immediate action by a crewmember for oontinued safe 
operation. 

(6) As oited earlier, by example, seleotion of speoific engine 
isolation rules from Part 29 is not effeotive in assuring that a sudden, comp] 
engine power loss does not occur. 

(7) Under the limited time period oonoept, failure of the seoond enj 
must be considered upon expiration of the limited time period. The Rotororaft 
Plight Manual must provide the appropriate operating limitations, pilot operat 
prooedures, and performance information limitations to assure continued safe 
operation following failure of the seoond engine. 
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TABLE 780-1 
Part 29 Engine Isolation Rules 

S 29.903(b) 
§ 29.903(o) 
§ 29.901(c) 
§ 29.908(a) 
§ 29.917(b)(1) 
§ 29.861 
§ 29.953(a) 
S 29.1011(b) 
§ 29.1023(b) 
S 29.1045, 1047 
§ 29.1181 
§ 29*1191 
§ 29.1193(e) 
§ 29.1309(d) 
§ 29.1331 
S 29.1357 
§ 29.1l89(o) 
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