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INTRODUCTORY NOTE 

This manual contains in consolidated form (1) Civil Air Regulations 
Part 4a, Airplane Airworthiness, dated April 7, 1950, and Amendment 4a- l ; 
and (2) the rules, policies, and interpretations issued by the Administrator 
of the Federal Aviation Agency in application to the various sections of the 
regulations. 

F A A rules are supplementary regulations issued pursuant to authority 
expressly conferred on the Administrator in the Civil Air Regulations. Such 
rules are mandatory and must be complied with. 

F A A policies provide detailed technical information on recommended 
methods of complying with the Civil Air Regulations. Such policies are for 
the guidance of the public and are not mandatory in nature. 

F A A interpretation* define or explain words and phrases of the Civil Air 
Regulations. Such interpretations are for the guidance of the puWic and 
will be followed by the Agency in determining compliance with the regulations. 

This manual is arranged to give the number, title, and text of each section 
of the regulations followed by any rules, policies, or interpretations applicable 
to that section. These rules, policies, or interpretations of the Administrator 
are identified by consecutive dash numbers appended to the regulation section 
number. 

As amendments and other pertinent materials pertaining to Part 4a are 
issued, they will be included in this manual. 
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Airplane Airworthiness 

Subpart A—Airwen 
Note: Current application for airworthiness and 

type certificates are not processed under this part, but 
are processed under other airworthiness parts. At 
present this part primarily governs modification of air
craft which were originally certificated under Part 4a. 
Unless otherwise provided, all references to other 
parts of this subchapter are those provisions in effect 
on September 29, 1947. 

General 

4a.l Scope. The airworthiness require
ments set forth in this part shall be used as a 
basis for obtaining airworthiness or type 
certificates: Provided, That : (a) Deviations 
from the requirements of this part which, in 
the opinion of the Administrator, insure the 
equivalent condition for safe operation and, 
(b ) equivalent requirements of the United 
States Army or Navy with respect to air
worthiness may be accepted in lieu o f the 
requirements set forth in this part. Unless 
otherwise specified an amendment to this 
part will apply only to airplanes for which 
applications for type certificates are received 
subsequent to the effective date of such 
amendment. 

4a.2 Airplane categories. 
(a) At the election of the applicant, an 

airplane may be certificated under the re
quirements for a particular category accord
ing to the intended use of the airplane. 
Sections of this part which affect only one 
particular category are designated by a suffix 
added to the appropriate section numbers, as 
fo l lows: 

Normal category Suffix N 
Transport category Suffix T 
Acrobatic category Suffix A 

(b ) Al l sections not designated by a suffix 
are applicable to all categories, except as 
otherwise specified. 

liness Requirements 

Airworthiness and Type Certificates 

4a.l5 Requirements for issuance. The 
airworthiness requirements specified in this 
part shall be used as a basis for the certifica
tion of airplanes: Provided, That an airplane 
manufactured in accordance with, and con
forming to, the currently effective aircraft 
specifications issued therefor will be eligible 
for an airworthiness certificate, i f the Ad
ministrator determines such airplane is in 
condition for safe operation: Provided, 
further, That an airplane which has not 
demonstrated compliance with the airworthi
ness requirements specified in this part but 
which, in the opinion o f the Administrator, 
is in condition for safe operation for experi
mental purposes or for particular activities 
will be eligible for an airworthiness cer
tificate. 

4a.l6 Data required for airworthiness 
certificate. When an airworthiness certif
icate is sought and a type certificate is not 
involved, data which are adequate to estab
lish compliance o f the aircraft with the re
quirements listed in this part shall be sub
mitted to the Administrator. 

4a.l7 Data required for type certificate. 
Data which are adequate to establish com
pliance of the aircraft with the airworthiness 
requirements listed in this part and which are 
adequate for the reproduction o f other air
planes of the same type shall be submitted to 
the Administrator. The procedure for sub
mitting the required data, the technical con
tents of such data, and the methods of testing 
aircraft with respect to the prescribed air
worthiness requirements shall be in accord
ance with Civil Aeronautics Manual 4, Air
plane Airworthiness. 

CAM 4a 

518636 O—59 2 
1 



2 CAM 4a AIRPLANE AIRWORTHINESS 

4a.l8 Inspection and tests. Authorized 
representatives o f the Administrator shall 
have access to the airplane and may witness 
or conduct such inspections and tests as are 
deemed necessary by the Administrator. 

4a.l9 Flight tests. (Applicable to all air
planes certificated as a type on or after May 
15,1947.) After proof o f compliance with the 
structural requirements contained in this 
part, and upon completion o f all necessary 
inspection and testing on the ground, and 
proof of the conformity of the airplane with 
the type design, and upon receipt from the 
applicant o f a report of flight tests conducted 
by him, there shall be conducted such official 
flight tests as the Administrator finds neces
sary to determine compliance with Subparts 
C-G. After the conclusion o f these flight 
tests such additional flight tests shall be con
ducted as the Administrator finds necessary 
to ascertain whether there is reasonable 
assurance that the airplane, its components, 
and equipment are reliable and function 
properly. The extent of such additional 
flight tests shall depend upon the complexity 
of the airplane, the number and nature o f 
new design features, and the record o f pre
vious tests and experience for the particular 
airplane model, its components, and equip
ment. If practicable, the flight tests per
formed for the purpose of ascertaining the 
reliability and proper functioning shall be 
conducted on the same airplane which was 
used in flight tests to show compliance with 
Subparts C-G. 

4a.20 Procedure for type certification. 
Acceptable procedures for type certification 
are outlined in Civil Aeronautics Manual 4. 

Changes 

4a.25 Continued compliance. Changes to 
certificated aircraft shall be substantiated to 
demonstrate continued compliance of the air
craft with the pertinent airworthiness 
requirements. 

4a.26 Minor changes. Minor changes to 
airplanes being manufactured under the 
terms of a type certificate and which obvi
ously do not impair the condition of the air
plane for safe operation may be approved by 

authorized representatives o f the Adminis
trator prior to submittal to the Adminis
trator o f any required revised drawings. 
The approval of such minor changes shall be 
based on the airworthiness requirements in 
effect when the particular airplane model 
was originally certificated, unless, in the 
opinion o f the Administrator, compliance 
with current airworthiness requirements is 
necessary. 

4a.27 Major changes. Major changes to 
airplanes being manufactured under the 
terms of a type certificate may require the 
issuance o f a new type certificate and the 
Administrator may, in his discretion, require 
such changes to comply with current air
worthiness requirements. 

4a.28 Changes required by the Adminis
trator. 

(a ) In the case of aircraft models ap
proved under the airworthiness require
ments in effect prior to the currently effective 
regulations, the Administrator may require 
that aircraft submitted for original air
worthiness certification comply with such 
portions o f the currently effective regula
tions as are considered necessary. 

(b ) Al l aircraft certificated under the 
transport category, the manufacture o f 
which is completed after September 30,1947, 
shall comply with the following sections o f 
part 4b of this subchapter, as amended: sec
tions 4b.58, 4b.442, 4b.445(a), 4b.447, 4b.478, 
4b.848, 4b.503(c), 4b.516-4b.518, 4b.556, 4b.557, 
4b.560, 4b.561, 4b.586, 4b.621-4b.624, 4b.651-
4b.655 and 4b.661-4b.676. 

Approval of Materials, Parts, Processes, 
and Appliances 

4a.31 Specifications. 
(a ) Materials, parts, processes, and ap

pliances shall be approved upon a basis and 
in a manner found necessary by the Admin
istrator to implement the pertinent provi
sions of the Civil Air Regulations. The Ad
ministrator may adopt and publish such 
specifications as he finds necessary to ad
minister this section, and shall incorporate 
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therein such portions of the aviation indus
try, Federal, and military specifications re
specting such materials, parts, processes, 
and appliances as he finds appropriate. 

(b ) Any material, part, process, or appli
ance shall be deemed to have met the require
ments for approval when it meets the 
pertinent specifications adopted by the Ad
ministrator, and the manufacturer so cer

tifies in a manner prescribed by the 
Administrator. 

4a.31-l Approval of aircraft components 
(FAA rules which apply to sec. J^aM). Air
craft components, made the subject of Technical 
Standard Orders, shall be approved upon the 
basis and in the manner provided in Part 514 
of this title. 

[Supp. 9, 16 F.R. 671, Jan. 25, 1951] 

Subpart B—Definitions 

4a.37 Weights. 
(a ) Weight, W. The total weight of the 

airplane and its contents. 
(b) Designed weight. The weight of the 

airplane assumed for purposes of showing 
compliance with the structural requirements 
specified in this part. 

(c ) Minimum design weight. Weight 
empty with standard equipment, plus crew, 
plus fuel of 0.25 pound per maximum (except 
take-off) horsepower, plus oil as per capacity. 

(d) Standard weight. The maximum 
weight for which the airplane is certificated 
as complying with all the airworthiness re
quirements for normal operations. 

(e) Provisional weight. The maximum 
weight for which the airplane is certificated 
as complying with the airworthiness require
ments as modified for scheduled air carriers 
in section 4a.687. 

4a.38 Structural terms. 
(a) Design wing area, S. The area en

closed by the projection of the wing outline, 
including ailerons and flaps but ignoring 
fairings and fillets, on a surface containing 
the wing chords. The outline is assumed to 
extend through nacelles and through the 
fuselage to the plane o f symmetry. 

(b ) Design power, P. The total engine 
horsepower chosen for use in determining the 
maneuvering load factors. The correspond
ing engine output will be incorporated in the 
aircraft certificate as a maximum opera
tional limitation in all flight operations other 
than take-off or climbing flight (see sec. 
4a.727). 

( c ) Design wing loading, W/S. The design 
weight (sec. 4a.37(b)) divided by the design 
wing area (sec. 4a.38(a)). 

( d ) Design power loading, W/P. The de
sign weight (sec. 4a.37(b)) divided by the 
design power (see sec. 4a-38(b) and Fig. 
4a-3). 

4a.39 Air density, P. The mass density of 
the air through which the airplane is moving, 
in terms of the weight of a unit volume of air 
divided by the acceleration of gravity. The 
symbol P o denotes the mass denity of air at 
sea level under standard atmospheric con
ditions and has the value of 0.002378 slugs per 
cubic foot. 

Cross Reference: For definition of standard atmos
phere, see sec. 4a.45. 

4a.40 Speed. 
(a ) True air speed, Vt. The velocity of 

the airplane, along its flight path, with re
spect to the body of air through which the 
airplane is moving. 

(b ) Indicated air speed, V. The true air 
speed multiplied by the term V V P _ . (See 
sec. 4a.39.) 

( c ) Design level speed, VL. The indicated 
air speed chosen for use in determining the 
pertinent structural loading conditions. 
This value will be incorporated in the air
craft certificate as a maximum operational 
limitation in level and climbing flight (see 
sec. 4a.726). 

(d ) Design gliding speed, Vg. The maxi
mum indicated air speed to be used in deter
mining the pertinent structural loading con
ditions (see sees. 4a.73 and 4a.726). 

(e) Design stalling speed, V,. The com
puted indicated air speed in unaccelerated 
flight based on the maximum lift coefficient 
of the wing and the design gross weight. 
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The effects of slipstreams and nacelles shall 
be neglected in computing V S . When high-
lift devices are in operation the correspond
ing stalling speed will be denoted by V S F . 

( f ) Design flap speed, V F . The indicated 
air speed at which maximum operation of 
high-lift devices is assumed (see sees. 4a.73 
and 4a.726). 

(g ) Maximum vertical speed, V M . A ficti
tious value of indicated air speed computed 
for unaccelerated flight in a vertical dive 
with zero propeller thrust. 

(h) Design maneuvering speed, VP. The 
indicated air speed at which maximum opera
tion of the control surfaces is assumed (see 
sec. 4a.73). 

4a.41 Design gust velocity, U. A specific 
gust velocity assumed to act normal to the 
flight path. (See sec. 4a.76.) 

4a.42 Dynamic pressure, q. The kinetic 
energy of a unit volume of air. 

Q^VIPVT" (in terms of true air speed). 
=V2PQV2 (in terms of indicated air speed). 
= F/391 pounds per square foot, when V IS miles 

per hour indicated air speed. 
CROSS REFERENCE: For definition of p, see sec. 4a.39. 

4a.43 Load factors—(a) Load factor or 
acceleration factor, n. The ratio of a load to 
the design weight. When the load in ques
tion represents the net external load acting 
on the airplane in a given direction, n repre
sents the acceleration factor in that direc
tion. 

(h) Limit load. A load (or load factor, or 
pressure) which it is assumed or known may 
be safely experienced but will not be ex
ceeded in operation. 

(c ) Factor of safety, j. A factor by which 
the limit loads are multiplied for various de
sign purposes. 

(d ) Ultimate factor of safety, ju. A speci
fied factor of safety used in determining the 
maximum load which the airplane structure 
is required to support. 

(e ) Yield factor of safety, JY. A specified 
factor o f safety used in connection with the 
prevention of permanent deformations. 

( f ) Ultimate load. A limit load multi
plied by the specified ultimate factor (or fac
tors) of safety. (See definition in this sec
tion and sec. 4a.61.) 

( g ) Yield load. A limit load multiplied by 
the specified yield factor (or factors) of 
safety. (See definitions in this section and 
sec.4a.62.) 

(h) Strength test. A static load test in 
which the ultimate loads are properly 
applied. (See sees. 4a,61 and 4a.230(b)). 

( i) Proof test. A static load test in which 
the yield loads are properly applied for a 
period o f at least 1 minute. (See sec. 4a.62.) 

( j ) Balancing loads. Loads by which the 
airplane is placed in a state of equilibrium 
under the action of external forces resulting 
from specified loading conditions. The state 
of equilibrium thus obtained may be either 
real or fictitious. Balancing loads may rep
resent air loads, inertia loads, or both. (See 
sec. 4a.ll6.) 

4a.44 Aerodynamic coefficients, CL, CM, 
CP, etc. The coefficients hereinafter speci
fied are those o f the "absolute" (nondimen-
sional) system adopted as standard in the 
United States. The subscripts A'' and C used 
hereinafter refer respectively to directions 
normal to and parallel with the basic chord 
of the airfoil section. Other subscripts have 
the usual significance. When applied to an 
entire wing or surface, the coefficients rep
resent average values and shall be properly 
correlated with local conditions (load distri
bution) as required in section 4a.99. 

4a.45 Standard atmosphere (standard 
air). Standard atmosphere refers to that 
variation of air conditions with altitude 
which has been adopted as standard in the 
United States. (See any aeronautics text 
book or handbook, or N A C A Technical Re
port No. 218.) 

4a.46 Primary structure. Those portions 
of the airplane the failure of which would 
seriously endanger the safety of the air
plane. 

http://sec.4a.62
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S u b p a r t C — S t r u c t u r a l L o a d i n g C o n d i t i o n s 

General Structural Requirements 
4 a . 6 1 Strength. T h e p r i m a r y s t r u c t u r e 

( s e e s e c . 4 a . 4 6 ) s h a l l b e c a p a b l e o f s u p p o r t 
i n g t h e u l t i m a t e l o a d s ( s e e s e c . 4 a . 4 3 ( f ) ) 
d e t e r m i n e d b y t h e l o a d i n g c o n d i t i o n s a n d u l 
t i m a t e f a c t o r s o f s a f e t y h e r e i n a f t e r s p e c i 
f i e d , t h e l o a d s b e i n g p r o p e r l y d i s t r i b u t e d 
a n d a p p l i e d . 

4 a . 6 2 Deformations. T h e p r i m a r y s t r u c 
t u r e s h a l l b e c a p a b l e o f s u p p o r t i n g w i t h o u t 
d e t r i m e n t a l p e r m a n e n t d e f o r m a t i o n s , f o r a 
p e r i o d o f a t l e a s t o n e m i n u t e , t h e y i e l d l o a d s 
( s e e s e c . 4 a . 4 3 ( g ) ) d e t e r m i n e d b y t h e l o a d 
i n g c o n d i t i o n s a n d y i e l d f a c t o r s o f s a f e t y 
h e r e i n a f t e r s p e c i f i e d , t h e l o a d s b e i n g p r o p 
e r l y d i s t r i b u t e d a n d a p p l i e d . W h e r e n o 
y i e l d f a c t o r o f s a f e t y i s s p e c i f i e d a f a c t o r 
o f 1 . 0 s h a l l b e a s s u m e d . I n a d d i t i o n , t e m 
p o r a r y d e f o r m a t i o n s w h i c h o c c u r b e f o r e t h e 
y i e l d l o a d i s r e a c h e d s h a l l b e o f s u c h a n a 
t u r e t h a t t h e i r r e p e a t e d o c c u r r e n c e w i l l n o t 
w e a k e n o r d a m a g e t h e p r i m a r y s t r u c t u r e . 

4 a . 6 3 Stiffness. T h e p r i m a r y s t r u c t u r e 
s h a l l b e c a p a b l e o f s u p p o r t i n g t h e l i m i t l o a d s 
( s e e s e c . 4 a . 4 3 ( b ) ) d e t e r m i n e d b y t h e l o a d 
i n g c o n d i t i o n s s p e c i f i e d i n t h i s p a r t w i t h o u t 
d e f l e c t i n g b e y o n d w h a t e v e r l i m i t s m a y b e 
p r e s c r i b e d i n t h i s p a r t o r w h i c h m a y b e 
d e e m e d n e c e s s a r y b y t h e A d m i n i s t r a t o r f o r 
t h e c a s e i n q u e s t i o n . 

4 a . 6 4 Proof of strength and rigidity. N o 
g e n e r a l r e q u i r e m e n t s , b u t s e e S u b p a r t D f o r 
s p e c i f i c r e q u i r e m e n t s . 

4 a . 6 5 Materials, fabrication, protection, 
e t c . N o g e n e r a l r e q u i r e m e n t s , b u t s e e S u b 
p a r t B ) f o r s p e c i f i c r e q u i r e m e n t s . 

Flight Loads 
4 a . 7 2 General. T h e a i r w o r t h i n e s s r a t i n g 

o f a n a i r p l a n e w i t h r e s p e c t t o i t s s t r e n g t h 
u n d e r f l i g h t l o a d s w i l l b e b a s e d o n t h e a i r 
s p e e d s a n d a c c e l e r a t i o n s ( f r o m m a n e u v e r i n g 
o r g u s t s ) w h i c h c a n s a f e l y b e d e v e l o p e d i n 
c o m b i n a t i o n . F o r c e r t a i n c l a s s e s o f a i r 
p l a n e s t h e a c c e l e r a t i o n f a c t o r s a n d g u s t 
v e l o c i t i e s a r e a r b i t r a r i l y s p e c i f i e d h e r e i n 
a f t e r a n d s h a l l b e u s e d f o r t h o s e c l a s s e s . 
T h e a i r s p e e d s w h i c h c a n s a f e l y b e d e v e l o p e d 

i n c o m b i n a t i o n w i t h t h e s p e c i f i e d a c c e l e r a 
t i o n f a c t o r s a n d g u s t s s h a l l b e d e t e r m i n e d 
i n a c c o r d a n c e w i t h t h e p r o c e d u r e s p e c i f i e d 
i n t h i s p a r t a n d s h a l l s e r v e a s a b a s i s f o r 
r e s t r i c t i n g t h e o p e r a t i o n o f t h e a i r p l a n e i n 
f l i g h t . ( S e e s e c . 4 a . 7 2 6 . ) 

Air Speeds 
4 a . 7 3 Air speeds. ( S e e s e c . 4 a . 4 0 f o r d e f 

i n i t i o n s . ) T h e d e s i g n a i r s p e e d s s h a l l b e 
d e t e r m i n e d a s f o l l o w s : 

( a ) V L ( s e e s e c . 4 a . 4 0 ( c ) ) . 
( b ) V , , s h a l l n o t b e l e s s t h a n 

VL+Kg(Vm~Vh), 

e x c e p t t h a t i t n e e d n o t b e g r e a t e r t h a n 
e i t h e r VL+100 m i l e s p e r h o u r o r 1 . 5 Vi, 
w h i c h e v e r i s l o w e r . K g i s s p e c i f i e d o n F i g u r e 
4 a - l . V m i s d e f i n e d i n s e c t i o n 4 a . 4 0 ( g ) . A 
s p e c i a l r u l i n g m a y b e o b t a i n e d f r o m t h e A d 
m i n i s t r a t o r i f t h e d e s i g n g l i d i n g s p e e d t h u s 
d e t e r m i n e d i s g r e a t e r t h a n 1 . 3 3 V L . a n d a p 
p e a r s t o b e u n n e c e s s a r i l y h i g h f o r t h e t y p e 
o f a i r p l a n e i n v o l v e d . 

( c ) Vf s h a l l n o t b e l e s s t h a n 2Vsf. V,t i s 
d e f i n e d i n s e c t i o n 4 a . 4 0 ( e ) . 

( d ) V P s h a l l n o t b e l e s s t h a n 
Vsf+KP(VL-Vsf), 

e x c e p t t h a t i t n e e d n o t b e g r e a t e r t h a n V L . 
K P i s s p e c i f i e d o n F i g u r e 4 a - 2 . 

( e ) ( S e e s e e s . 4 a . 1 2 0 , 4 a . l 2 3 , a n d 4 a . l 2 5 f o r 
e x c e p t i o n s f o r m u l t i e n g i n e a i r p l a n e s . ) 

Load Factors 

4 a . 7 4 General. T h e f l i g h t l o a d f a c t o r s 
s p e c i f i e d i n s e c t i o n s 4 a . 7 5 - 4 a . 9 9 s h a l l r e p r e 
s e n t w i n g l o a d f a c t o r s . T h e n e t l o a d f a c t o r , 
o r a c c e l e r a t i o n f a c t o r , s h a l l b e o b t a i n e d b y 
p r o p e r c o n s i d e r a t i o n o f b a l a n c i n g l o a d s a c t 
i n g o n t h e a i r p l a n e i n t h e s p e c i f i c f l i g h t 
c o n d i t i o n s . 

4 a . 7 5 Maneuvering load factors. T h e 
l i m i t m a n e u v e r i n g l o a d f a c t o r s s p e c i f i e d 
i n t h i s p a r t ( s e e F i g . 4 a - 3 ) a r e d e r i v e d 
l a r g e l y f r o m e x p e r i e n c e w i t h c o n v e n t i o n a l 
t y p e s o f a i r p l a n e s a n d s h a l l b e c o n s i d e r e d 
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a s m i n i m u m v a l u e s u n l e s s i t c a n b e p r o v e d , 
t o t h e s a t i s f a c t i o n o f t h e A d m i n i s t r a t o r , 
t h a t t h e a i r p l a n e e m b o d i e s f e a t u r e s o f d e 
s i g n w h i c h m a k e i t i m p o s s i b l e t o d e v e l o p 
s u c h v a l u e s i n f l i g h t , i n w h i c h c a s e l o w e r 
v a l u e s m a y b e u s e d s u b j e c t t o t h e a p p r o v a l 
o f t h e A d m i n i s t r a t o r . 

4 a . 7 6 Gust load factors. T h e g u s t l o a d 
f a c t o r s s h a l l b e c o m p u t e d o n t h e b a s i s o f a 
g u s t o f t h e m a g n i t u d e s p e c i f i e d , a c t i n g n o r 
m a l t o t h e f l i g h t p a t h , a n d p r o p e r a l l o w a n c e 
s h a l l b e m a d e f o r t h e e f f e c t s o f a s p e c t r a t i o 
o n t h e s l o p e o f t h e l i f t c u r v e . T h e g u s t v e 
l o c i t i e s s p e c i f i e d s h a l l b e u s e d i n c o n j u n c t i o n 
w i t h t h e g u s t f o r m u l a s s p e c i f i e d i n C i v i l 
A e r o n a u t i c s M a n u a l 4 . 2 1 2 1 . 

4 a . 7 7 Factors of safety. T h e m i n i m u m 
f a c t o r s o f s a f e t y a r e s p e c i f i e d f o r e a c h l o a d 
i n g c o n d i t i o n . 
Cross Reference: For multiplying factors of safety re
quired in certain cases, see sees. 4aJ!07-4a.216. 

Symmetrical Flight Conditions (Flaps 
Retracted) 

4 a . 7 8 General. T h e f l i g h t c o n d i t i o n s a s 
s e t f o r t h i n s e c t i o n s 4 a . 7 9 - 4 a . 8 5 , t o g e t h e r 
w i t h T a b l e 4 a - l , s h a l l b e c o n s i d e r e d a s r e p 
r e s e n t i n g t h e m i n i m u m n u m b e r o f c o n d i t i o n s 
r e q u i r e d t o c o v e r a s u i t a b l e r a n g e o f s y m 
m e t r i c a l f l i g h t l o a d i n g s . 

4a .79 Condition I (positive high angle of 
attack). T h e f a c t o r s g i v e n i n T a b l e 4 a - l 
a n d F i g u r e 4 a - 3 f o r t h i s c o n d i t i o n s h a l l b e 
u s e d . T o p r o v i d e f o r f l i g h t c o n d i t i o n s c r i t i 
c a l f o r t h e f r o n t l i f t t r u s s o r i t s e q u i v a l e n t 
t h e a e r o d y n a m i c c h a r a c t e r i s t i c s C m , C P ( o r 
C M ) , a n d C c s h a l l b e d e t e r m i n e d a s f o l l o w s : 

( a ) r _nT(W/S) 
L n i qlT 

( Q L i s d y n a m i c p r e s s u r e c o r r e s p o n d i n g t o 
V L ; s e e s e e s . 4 a . 4 0 ( c ) a n d 4 a . 4 2 . ) 

( b ) G V = v a l u e c o r r e s p o n d i n g t o C$It o r 
v a l u e e q u a l t o - . 2 0 CsIt w h i c h e v e r i s g r e a t e r 
n e g a t i v e l y . 

( c ) C 7 * ' = m o s t f o r w a r d p o s i t i o n o f t h e 
c e n t e r o f p r e s s u r e b e t w e e n CL=CSl a n d 
C L m a x . ; w h e n C S l e x c e e d s C L wa!t., t h e C P 
c u r v e s h a l l b e e x t e n d e d a c c o r d i n g l y . 

( d ) F o r b i p l a n e c o m b i n a t i o n s t h e C P o f 
t h e u p p e r w i n g s h a l l b e a s s u m e d t o b e 2 . 5 
p e r c e n t o f t h e c h o r d f o r w a r d o f i t s n o m i n a l 
p o s i t i o n . 

( e ) C M ' " m o m e n t c o e f f i c i e n t n e c e s s a r y t o 
g i v e t h e r e q u i r e d CP' in conjunction w i t h 

4a .80 Condition Ii (positive high angle o f 
attack modified). T h e s m a l l e r o f t h e t w o 
v a l u e s o f C c s p e c i f i e d i n s e c t i o n 4 a . 7 9 ( b ) , a n d 
t h e m o s t r e a r w a r d C P p o s i t i o n i n t h e r a n g e 
s p e c i f i e d i n s e c t i o n 4 a . 7 9 ( c ) s h a l l a l s o b e i n 
v e s t i g a t e d w h e n C o n d i t i o n I i s c r i t i c a l f o r 
t h e r e a r s p a r ( o r i t s e q u i v a l e n t ) o r i f a n y 
p o r t i o n o f t h e f r o n t s p a r ( o r i t s e q u i v a l e n t ) 
i s l i k e l y t o b e c r i t i c a l i n t e n s i o n . O n l y t h e 
w i n g s a n d w i n g b r a c i n g n e e d b e i n v e s t i g a t e d 
f o r t h i s c o n d i t i o n . 

4a .81 Condition II (negative high angle 
o f attack). T h e f a c t o r s g i v e n i n T a b l e 4 a - l 
f o r t h i s c o n d i t i o n s h a l l b e u s e d , w i t h t h e f o l 
l o w i n g p r o v i s i o n s : 

( a ) r _nn(WfS) 

( b ) C V = a c t u a l v a l u e c o r r e s p o n d i n g t o 
CjSjj. 

( c ) W h e n C o i s p o s i t i v e o r h a s a n e g a t i v e 
v a l u e s m a l l e r t h a n 0 . 0 2 i t m a y b e a s s u m e d t o 
b e z e r o . 

( d ) C V = a c t u a l v a l u e c o r r e s p o n d i n g t o 
Cnn. 

4 a . 8 2 Condition III. 
( a ) Positive low angle of attack. T h e f a c 

t o r s g i v e n i n T a b l e 4 a - l f o r t h i s c o n d i t i o n 
s h a l l b e u s e d , w i t h t h e f o l l o w i n g p r o v i s i o n s : 

(1) CNlII 

( q g i s d y n a m i c p r e s s u r e c o r r e s p o n d i n g t o V g ; 
s e c t i o n s 4 a . 4 0 ( d ) a n d 4 a . 4 2 ) . 

( 2 ) Cc=actual v a l u e c o r r e s p o n d i n g t o 
( 3 ) W h e n C c i s p o s i t i v e o r h a s a n e g a 

t i v e v a l u e s m a l l e r t h a n 0 . 0 2 i t m a y b e a s 
s u m e d t o b e z e r o . 

( 4 ) Cst=actual v a l u e c o r r e s p o n d i n g t o 
C N T „ . 

http://4a.79-4a.85
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(b) Positive low angle of attack, modified. 
If the moment coefficient of the airfoil sec
tion at zero lift has a positive value, or a neg
ative value smaller than 0.06, the effects of 
displaced ailerons on the moment coefficient 
shall be accounted for in condition III for 
that portion of the span incorporating ailer
ons. To cover this point it will be satisfac
tory to combine 75 percent of the loads 
acting in condition III with the loads due to 
a moment coefficient of — 0.08— CMm acting 
over that portion only of the span incor
porating ailerons. The design dynamic 
pressure for the additional moment forces 
shall be equal to Q.l^qg. Only the wings and 
wing bracing need be investigated for this 
condition. 

4a.83 Condition IV (negative low angle 
of attack). The factors given in Table 4a-l 
for this condition shall be used, with the fol
lowing provisions: 

( r _nIV(W/S) 
W ^fTV— -z 

(b) Cc=actual value corresponding to 
C s I v . 

( c ) When Cc is positive or has a negative 
value smaller than 0.02 it may be assumed to 
be zero. 

(d) C__=actual value corresponding to 
C l l j y . 

4a.84 Condition V (inverted flight). The 
factors given in Table 4a-l for this condition 
shall be used, with the following provisions: 

(a) C s v = ^ m 
(b) c y = o . 
( c ) C P ' = 2 5 percent. 
(d ) Only the rear (or single) lift truss 

system of externally braced wing structures 
need be investigated for this condition. 

4a.85 Condition VI (gliding). The fac
tors given in Table 4a-l shall be used for 
this condition, with the following provi
sions : 

( a ) C$VI = value corresponding to Cc «, 
(positive). 

(b) C c ' = C C m M (posi t ive)+ 0.01. 
( c ) CM=actual value corresponding to 

(d ) The drag of nacelles and other items 
attached to the wings shall be conservatively 
estimated and properly included in the in
vestigation of this condition. 

(e) Only the wings and wing bracing need 
be investigated for this condition. 

Symmetrical Flight Conditions (Flaps or 
Auxiliary Devices in Operation) 

4a.86 General. When flaps or other aux
iliary high-lift devices are installed on the 
wings, the design conditions shall be suitably 
modified to account for their use in flight. 
The modifications shall be based on the in
tended use of such devices and the aerody
namic characteristics of the wing. The con
ditions as set forth in sections 4a.87-4a.89, 
together with Table 4a-2, shall be consid
ered as representing the minimum number 
of conditions required to cover a suitable 
range of symmetrical flight loadings in 
cases where the flaps are used only at rela
tively low air speeds. 

4a.87 Condition VII (positive gust, flaps 
deflected). The factors given in Table 
4a-2 for this condition shall be used, with 
the following provisions: 

(a ) The most critical deflection of the flap 
shall be investigated. 

(b ) The magnitude and distribution of 
normal, chord, and moment forces over the 
wing shall correspond to that which would 
be obtained in developing the specified limit 
gust load factor at the specified air speed. 

4a.88 Condition VIII (negative gust, flaps 
deflected). The factors given in Table 4a-2 
for this condition shall be used, with the 
following provisions: 

(a ) The most critical deflection of the flap 
shall be investigated. 

(b ) The magnitude and distribution of 
normal, chord, and moment forces over the 
wing shall correspond to that which would 
be obtained in encountering the specified 
limit gust load factor at the specified air 
speed. 

4a.89 Condition IX (dive, Haps deflected). 
The factors given in Table 4a-2 for this con-

http://4a.87-4a.89
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DITION SHALL BE USED, WITH THE FOLLOWING 
PROVISIONS: 

(A) THE MOST CRITICAL DEFLECTION OF THE FLAP 
SHALL BE INVESTIGATED. 

(B) THE LOAD FACTOR AND THE MAGNITUDE 
AND DISTRIBUTION OF NORMAL, CHORD, AND MO
MENT FORCES OVER THE WING SHALL CORRESPOND 
TO THE ANGLE OF ATTACK AT WHICH THE GREATEST 
REARWARD CHORD LOADS ARE PRODUCED ON THE 
WING STRUCTURE. 

(C) ONLY THE WINGS AND WING BRACING NEED 
FOE INVESTIGATED FOR THIS CONDITION. 

UNSYMMETRICAL FLIGHT CONDITIONS 
4A.90 General. IN THE UNSYMMETRICAL 

FLIGHT CONDITIONS SET FORTH IN SECTIONS 4A.91-
4A.93, THE UNBALANCED ROLLING MOMENT SHALL 
BE ASSUMED TO BE RESISTED BY THE ANGULAR 
INERTIA OF THE COMPLETE AIRPLANE. SEE CIVIL 
AERONAUTICS MANUAL 4.2150 FOR AN ACCEPT
ABLE ALTERNATIVE PROCEDURE. 

4A.91 Condition /«. CONDITION I (SEC. 
4A.79) SHALL BE MODIFIED BY ASSUMING 100 
PERCENT OF THE AIR LOAD ACTING ON ONE WING 
AND 40 PERCENT ON THE OTHER. FOR AIRPLANES 
OVER 1,000 POUNDS STANDARD WEIGHT THE LATTER 
FACTOR MAY BE INCREASED LINEARLY WITH STAND
ARD WEIGHT UP TO 80 PERCENT AT 25,000 POUNDS. 

4A.92 Condition / / / „ . CONDITION III (SEC. 
4A.82) SHALL BE MODIFIED AS DESCRIBED FOR 
CONDITION I« IN SECTION 4A.91. 

4A.93 Condition Vv. CONDITION V (SEC. 
4A.84) SHALL BE MODIFIED AS DESCRIBED FOR 
CONDITION I„ IN SECTION 4A.91. 

SPECIAL FLIGHT CONDITIONS 

4A.94 Gust at reduced weight. THE RE
QUIREMENTS FOR GUST CONDITIONS (EXCEPTING 
TAIL SURFACE GUST CONDITIONS) UNDER ANY LOAD
ING BETWEEN MINIMUM AND MAXIMUM DESIGN 
WEIGHT SHALL BE MET BY PRIMARY STRUCTURE 
CRITICALLY LOADED THEREBY. 

4A.95 Lift-wire-cut. FOR WINGS EMPLOYING 
WIRE BRACING IN THE LIFT TRUSS, CONDITIONS I 
AND II I SHALL BE INVESTIGATED, USING LOAD FAC
TORS nt AND NR A OF ONE-HALF THE VALUES SPECI
FIED FOR THESE CONDITIONS AND ASSUMING THAT 
ANY LIFT WIRE IS OUT OF ACTION. THIS REQUIRE
MENT DOES NOT APPLY TO PARALLEL DOUBLE LIFT 
WIRES, FOR WHICH CASE SEE SECTION 4A.210. 

4A.96 Drag-wire-cut. DRAG STRUTS IN DOU
BLE-TRUSS SYSTEMS SHALL BE DESIGNED TO WITH
STAND THE LOADS DEVELOPED WHEN THE DRAG 
WIRE OF THE UPPER SYSTEM IN ONE BAY AND THE 
DRAG WIRE OF THE LOWER SYSTEM IN THE ADJACENT 
BAY ARE EACH CARRYING THEIR LIMIT LOADS FROM 
ANY FLIGHT CONDITION, THE REMAINING WIRES IN 
THESE TWO BAYS BEING ASSUMED TO BE OUT OF 
ACTION. THE MINIMUM ULTIMATE FACTOR OF 
SAFETY SHALL BE 1.5. 

4A.97 Unsymmetrical propeller thrust. 
THE STRUCTURE SHALL INCORPORATE AN ULTIMATE 
FACTOR OF SAFETY OF 1.5 AGAINST FAILURE DUE 
TO LOADS CAUSED BY MAXIMUM (EXCEPT TAKE
OFF) POWER APPLIED ON ONE SIDE OF THE PLANE 
OF SYMMETRY ONLY, WHEN POWER ON THE OTHER 
SIDE IS OFF AND THE AIRPLANE IS IN UNACCEL-
ERATED RECTILINEAR FLIGHT. 

4A.98 Wing tanks empty. IF FUEL TANKS 
ARE SUPPORTED BY THE WING STRUCTURE SUCH 
STRUCTURE AND ITS BRACING SHALL ALSO BE IN
VESTIGATED FOR CONDITIONS I, II, III, AND I V 
WITH WING TANKS EMPTY. THE DESIGN WEIGHT 
MAY BE REDUCED BY 0.9 POUND PER CERTIFIED 
MAXIMUM (EXCEPT TAKE-OFF) HORSEPOWER. 

WING LOAD DISTRIBUTION 

4A.99 Wing Load Distribution. THE LIMIT 
AIR LOADS AND INERTIA LOADS ACTING ON THE WING 
STRUCTURE SHALL BE DISTRIBUTED AND APPLIED 
IN A MANNER CLOSELY APPROXIMATING THE AC
TUAL DISTRIBUTION IN FLIGHT. 

CONTROL SURFACE LOADS 

4A.LL5 General. IN ADDITION TO THE FLIGHT 
LOADS SPECIFIED IN SECTIONS 4A.72-4A.99 THE 
PRIMARY STRUCTURE SHALL MEET THE REQUIRE
MENTS SPECIFIED IN THIS PART TO ACCOUNT FOR 
THE LOADS ACTING ON THE CONTROL SURFACES. 
THE FOLLOWING LOADING CONDITIONS INCLUDE THE 
APPLICATION OF BALANCING LOADS (SEC. 4A.43(J)) 
DERIVED FROM THE SYMMETRICAL FLIGHT CONDI
TIONS AND ALSO COVER THE POSSIBILITY OF LOAD
ING THE CONTROL SURFACES AND SYSTEMS IN 
OPERATING THE AIRPLANE AND BY ENCOUNTERING 
GUSTS. SEE ALSO SECTIONS 4A.207-4A.316 FOR 
MULTIPLYING FACTORS OF SAFETY REQUIRED IN 
CERTAIN CASES. 

http://4a.72-4a.99
http://4a.207-4a.316
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HORIZONTAL TAIL SURFACES 

4A.LL6 Balancing. THE LIMIT LOAD ACTING 
ON THE HORIZONTAL TAIL SURFACE SHALL NOT BE 
LESS THAN THE MAXIMUM BALANCING LOAD OB
TAINED FROM CONDITIONS I, II, III, IV, VI I , 
AND VI I I SET FORTH IN SECTIONS 4A.79, 4A.81, 
4A.82, 4A.83, 4A.87 AND 4A.88. IN COMPUTING 
THESE LOADS FOR TAIL SURFACE DESIGN THE MO
MENTS OF FUSELAGE AND NACELLES SHALL BE SUIT
ABLY ACCOUNTED FOR. THE FACTORS GIVEN IN 
TABLE 4A-3 SHALL BE USED WITH THE FOLLOWING 
PROVISIONS: 

(A) FOR CONDITIONS I, II, III, AND IV, P (IN 
FIG. 4A-4)=40 PERCENT OF NET BALANCING LOAD. 
(THIS MEANS THAT THE LOAD ON THE FIXED SUR
FACE SHOULD BE 140 PERCENT OF THE NET BAL
ANCING LOAD.) IN ANY CASE P NEED NOT EXCEED 
THAT CORRESPONDING TO A LIMIT ELEVATOR CON
TROL FORCE OF 150 POUNDS, APPLIED BY THE PILOT. 

(B) FOR CONDITIONS V I I AND VII I , P MAY 
BE ASSUMED EQUAL TO ZERO. 

4A.LL7 Maneuvering (horizontal surfaces). 
THE FACTORS AND DISTRIBUTIONS SPECIFIED IN 
TABLE 4A-3 AND FIG. 4A-5 FOR THIS CONDITION 
SHALL BE USED, TOGETHER WITH THE FOLLOWING 
PROVISIONS: 

(A) THE LIMIT UNIT LOADING IN EITHER DI
RECTION NEED NOT EXCEED THAT CORRESPONDING 
TO A 200-POUND FORCE ON THE ELEVATOR CONTROL 
(SEE TABLE 4A-6). 

(B) THE AVERAGE LIMIT UNIT LOADING SHALL 
NOT BE LESS THAN 15 POUNDS PER SQUARE FOOT 
(SEE TABLE 4A-3). 

4A.LL8 Damping (horizontal surfaces). 
THE TOTAL LIMIT LOAD ACTING DOWN ON THE FIXED 
SURFACE (STABILIZER) IN THE MANEUVERING CON
DITION (SEC. 4A.LL7) SHALL BE APPLIED IN AC
CORDANCE WITH THE LOAD DISTRIBUTION OF FIG. 
4A-6, ACTING IN EITHER DIRECTION. THE LOAD 
ACTING ON THE MOVABLE SURFACE IN THE MANEU
VERING CONDITION MAY BE NEGLECTED IN DETER
MINING THE DAMPING LOADS. 

4A.LL9 Tab effects (horizontal surfaces). 
WHEN A TAB IS INSTALLED SO THAT IT CAN BE 
USED BY THE PILOT AS A TRIMMING OR ASSISTING 
DEVICE, A LIMIT UP LOAD OVER THE TAB CORRE

SPONDING TO THE DYNAMIC PRESSURE AT VL AND 
THE MAXIMUM TAB DEFLECTION SHALL BE ASSUMED 
TO ACT IN CONJUNCTION WITH THE LIMIT DOWN 
LOAD SPECIFIED IN SECTION 4A.LL7, DISREGARDING 
THE PROVISIONS OF SECTION 4A.LL7 (A), APPLIED 
OVER THE REMAINING AREA. IF THE CONTROL FORCE 
NECESSARY TO BALANCE THE RESULTING LOADS ON 
THE ELEVATOR AND TAB EXCEEDS 200 POUNDS 
(TABLE 4A-6), THE LOADINGS OVER THE AREAS 
NOT COVERED BY THE TAB MAY BE REDUCED UNTIL 
THE CONTROL FORCE IS EQUAL TO THIS MAXIMUM 
LIMIT VALUE. 

Vertical Tail Surfaces 

4A.L20 Maneuvering. THE FACTORS GIVEN 
IN TABLE 4A-4 AND FIG. 4A-5 FOR THIS CON
DITION SHALL BE USED, WITH THE FOLLOWING 
PROVISIONS: 

(A) IF THE PROPELLER AXES ARE NOT IN THE 
PLANE OF SYMMETRY, THE DESIGN SPEED SHALL 
NOT BE LESS THAN THE MAXIMUM SPEED IN LEVEL 
FLIGHT WITH ANY ENGINE INOPERATIVE. 

(B) THE LIMIT UNIT LOADING IN EITHER DIREC
TION NEED NOT EXCEED THAT CORRESPONDING TO 
THE MAXIMUM LIMIT CONTROL FORCE (TABLE 
4A-6) EXCEPT AS MODIFIED BY PARAGRAPH (C) 
OF THIS SECTION. 

(C) IN ANY CASE THE AVERAGE LIMIT UNIT 
LOADING SHALL NOT BE LESS THAN THE MINIMUM 
PRESSURE SPECIFIED IN TABLE 4A-4 FOR THIS 
CONDITION. 

4A.121 Damping (vertical surfaces). THE 
TOTAL LIMIT LOAD ACTING ON THE FIXED SURFACE 
(FIN) IN THE MANEUVERING CONDITION SHALL BE 
APPLIED IN ACCORDANCE WITH THE LOAD DISTRIBU
TION OF FIG. 4A-6, ACTING IN EITHER DIRECTION. 
THE LOAD ACTING ON THE MOVABLE SURFACE IN 
THE MANEUVERING CONDITION MAY BE NEGLECTED 
IN DETERMINING THE DAMPING LOADS. 

4A.L22 GUSTS (vertical surfaces). THE 
GUST CONDITIONS SPECIFIED IN TABLE 4A-4 SHALL 
BE APPLIED, USING THE FOLLOWING FORMULAS AND 
PROVISIONS: 

(A) THE GUST SHALL BE ASSUMED TO BE SHARP-
EDGED AND TO ACT NORMAL TO THE PLANE OF 
SYMMETRY IN EITHER DIRECTION. 
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(B) THE AVERAGE LIMIT UNIT PRESSURE, w, 
DEVELOPED IN STRIKING THE GUST SHALL BE DETER
MINED FROM THE FOLLOWING FORMULA: 

w^UVm/575, 
where 

w is in pounds per square foot, 
V is in feet per second, 
V is in miles per hour, and 
m=slope of lift curve, Cx per radian, corrected for 

aspect ratio. The aspect ratio shall not be 
taken as less than 2.0 in any case. 

(C) THIS CONDITION APPLIES ONLY TO THAT 
PORTION OF THE VERTICAL SURFACE WHICH HAS A 
WELL-DEFINED LEADING EDGE. 

(D) THE CHORD DISTRIBUTION EXTENDING OVER 
THE FIXED AND MOVABLE SURFACES SHALL SIMU
LATE THAT FOR A SYMMETRICAL AIRFOIL, EXCEPT 
THAT THE DISTRIBUTION IN FIG. 4A—6 MAY BE USED 
WHERE APPLICABLE. 

4A.L23 Tab effects (vertical surfaces). 
(A) WHEN A TAB IS INSTALLED ON THE VERTICAL 
MOVABLE TAIL SURFACE SO THAT IT CAN BE USED 
BY THE PILOT AS A TRIMMING DEVICE THE LIMIT 
UNIT LOADING OVER THE ENTIRE VERTICAL TAIL SUR
FACES SHALL NOT BE LESS THAN THAT CORRESPOND
ING TO THE MAXIMUM DEFLECTION OF THE TAB 
TOGETHER WITH SIMULTANEOUS APPLICATION OF 
THE FOLLOWING CONTROL FORCE IN A DIRECTION 
ASSISTING THE TAB ACTION: 

(1) FOR AIRPLANES WITH ALL PROPELLER AXES 
IN THE PLANE OF SYMMETRY, ZERO. 

(2) FOR AIRPLANES WITH PROPELLER AXES 
NOT IN THE PLANE OF SYMMETRY, 200 POUNDS. 

(B) THE FACTORS SPECIFIED IN TABLE 4A-4 FOR 
THIS CONDITION SHALL BE USED, WITH THE FOLLOW
ING EXCEPTION: 

(1) IF THE PROPELLER AXES ARE NOT IN THE 
PLANE OF SYMMETRY, THE DESIGN SPEED VL 

SPECIFIED IN TABLE 4A-4 MAY BE REDUCED TO 
THE MAXIMUM SPEED IN LEVEL FLIGHT WITH ANY 
ENGINE INOPERATIVE. 

4A.L24 Special cases (vertical surfaces). 
A SPECIAL RULING SHALL BE OBTAINED FROM THE 
ADMINISTRATOR WHEN AN AUTOMATIC PILOT IS 
USED ON AIRPLANES WITH PROPELLER AXES NOT IN 
THE PLANE OF SYMMETRY. 

Ailerons 
4A.L25 Maneuvering. THE FACTORS GIVEN 

IN TABLE 4A-5 AND FIG. 4A-7 FOR THIS CON

DITION SHALL BE USED, WITH THE FOLLOWING 
PROVISIONS: 

(A) IF THE PROPELLER AXES ARE NOT IN THE 
PLANE OF SYMMETRY, THE DESIGN SPEED SHALL 
NOT BE LESS THAN THE MAXIMUM SPEED IN LEVEL 
FLIGHT WITH ANY ENGINE INOPERATIVE. 

(B) THE LIMIT UNIT LOADING IN EITHER DIREC
TION NEED NOT EXCEED THAT CORRESPONDING TO 
THE MAXIMUM CONTROL FORCE (TABLE 4A-6) RE
SISTED BY ONLY ONE AILERON, EXCEPT AS MODIFIED 
BY PARAGRAPH (C) OF THIS SECTION. 

(C) IN ANY CASE THE AVERAGE LIMIT UNIT 
LOADING SHALL NOT BE LESS THAN THE MINIMUM 
PRESSURE SPECIFIED IN TABLE 4A-5 FOR THIS 
CONDITION. 

4A,126 Tab effects (ailerons). (APPLIES 
ONLY TO AIRPLANES WITH PROPELLER AXES NOT IN 
THE PLANE OF SYMMETRY.) WHEN A TAB IS IN
STALLED ON ONE OR BOTH AILERONS SO THAT IT CAN 
BE USED BY THE PILOT TO ASSIST IN MOVING THE 
AILERONS, THE LIMIT UNIT LOADING OVER BOTH 
AILERONS SHALL BE OF SUFFICIENT MAGNITUDE AND 
IN SUCH DIRECTION AS TO HOLD THE AILERONS IN 
EQUILIBRIUM WITH THE TAB OR TABS DEFLECTED 
TO THE MAXIMUM POSITION. THE FACTORS SPECI
FIED IN TABLE 4A-5 FOR THIS CONDITION SHALL BE 
USED. 

4A.L27 Flying conditions (ailerons). THE 
AILERONS AND THEIR CONTROL SYSTEM SHALL BE 
CAPABLE OF MEETING ALL REQUIREMENTS SPECIFIED 
IN THE BASIC SYMMETRICAL FLYING CONDITIONS SO 
FAR AS THE LATTER PRODUCE SYMMETRICAL LOADS 
ON THE AILERONS. 

WING FLAPS AND TABS 
4A.L28 Wing flaps. WING FLAPS SHALL BE 

LOADED IN ACCORDANCE WITH CONDITIONS V I I 
AND VI I I (SEES. 4A.87, 4A.88) AND IN ADDITION 
SHALL BE CAPABLE OF DEVELOPING AN ULTIMATE 
FACTOR OF SAFETY OF AT LEAST 1.5 WITH RESPECT 
TO ANY INTERMEDIATE CONDITIONS WHICH ARE 
MORE SEVERE FOR ANY PART OF THE FLAP OR ITS 
OPERATING MECHANISM. 

4A.L29 Tabs. THE LIMIT FORCES ACTING ON 
CONTROL-SURFACE TABS SHALL BE DETERMINED 
FROM THE MOST SEVERE COMBINATION OF AIRPLANE 
SPEED AND TAB NORMAL FORCE COEFFICIENT LIKELY 
TO BE OBTAINED FOR ANY USABLE LOADING CONDI
TION OF THE AIRPLANE AND AT SPEEDS UP TO THE 
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DESIGN GLIDING SPEEDS, Ve. AN ULTIMATE FAC
TOR OF SAFETY OF AT LEAST 1.5 SHALL BE 
MAINTAINED. 

SPECIAL DEVICES 
4A.L30 Special devices. SPECIAL RULINGS 

SHALL BE OBTAINED FROM THE ADMINISTRATOR IN 
CONNECTION WITH THE DESIGN AND ANALYSIS OF 
WING-SLOT STRUCTURES, SPOILERS, UNCONVEN
TIONAL AILERONS, AUXILIARY AIRFOILS, AND SIMI
LAR DEVICES. REQUESTS FOR SPECIAL RULINGS 
SHALL BE ACCOMPANIED BY SUITABLE DRAWINGS 
OR SKETCHES OF THE STRUCTURE IN QUESTION, TO
GETHER WITH GENERAL INFORMATION AND AN OUT
LINE OF THE METHOD BY WHICH IT IS PROPOSED 
TO DETERMINE THE STRUCTURAL LOADING. 

Control System Loads 
4A.L37 General. ALL CONTROL SYSTEMS 

SHALL BE DESIGNED FOR LIMIT LOADS 25 PERCENT 
GREATER THAN THOSE CORRESPONDING TO THE 
LIMIT LOADS SPECIFIED FOR THE CONTROL SURFACES 
TO WHICH THEY ARE ATTACHED, ASSUMING THE 
MOVABLE SURFACE TO BE IN THAT POSITION WHICH 
PRODUCES THE GREATEST LOAD IN THE CONTROL SYS
TEM, EXCEPT THAT THE MAXIMUM AND MINIMUM 
CONTROL FORCE LIMITS IN TABLE 4A-6 SHALL AP
PLY AS SPECIFIED IN THIS PART. THE FACTORS OF 
SAFETY SPECIFIED IN TABLE 4A-6 SHALL BE USED. 

Cross References: For multiplying factors of safety 
required in certain cases, see sees. 4a.207-4a.2I6. For 
operation requirements for control systems, see sec. 
4a^71. 

4A.L38 Control wires or push rods. THE 
FORCES IN THE CONTROL WIRES OR PUSH RODS OP
ERATING THE MOVABLE SURFACES SHALL BE COM
PUTED AND THEIR EFFECT ON THE REST OF THE 
STRUCTURE SHALL BE INVESTIGATED AND ALLOWED 
FOR IN THE DESIGN OF SUCH STRUCTURE. 

4A.L39 Elevator systems. IN APPLYING 
SECTION 4A.L37 THE CONTROL FORCE SPECIFIED IN 
TABLE 4A-6 AND FIG. 4A-8 SHALL BE ASSUMED 
TO ACT IN FORE-AND-AFT DIRECTION AND SHALL BE 
APPLIED AT THE GRIP OF A CONTROL STICK, OR SHALL 
BE EQUALLY DIVIDED BETWEEN TWO DIAMETRI
CALLY OPPOSITE POINTS ON THE RIM OF A CONTROL 
WHEEL. 

4A.L40 Rudder systems. IN APPLYING 
SECTION 4A.L37 THE CONTROL FORCE SPECIFIED IN 
TABLE 4A-6 SHALL BE ASSUMED TO ACT IN A DI
RECTION WHICH WILL PRODUCE THE GREATEST LOAD 

IN THE CONTROL SYSTEM AND SHALL BE APPLIED 
AT THE POINT OF CONTACT OF THE PILOT'S FOOT. 

4A.L41 Aileron systems. IN APPLYING 
SECTION 4A.L37 IT SHALL BE ASSUMED THAT THE 
AILERONS ARE LOADED IN OPPOSITE DIRECTIONS. 
THE CONTROL FORCE SPECIFIED IN TABLE 4A-6 AND 
FIG. 4A-9 SHALL BE ASSUMED TO ACT IN A LATERAL 
DIRECTION AT THE GRIP OF A CONTROL STICK, OR 
SHALL BE ASSUMED TO ACT AS PART OF COUPLE 
EQUAL TO THE SPECIFIED FORCE MULTIPLIED BY THE 
DIAMETER OF A CONTROL WHEEL. THE FOLLOWING 
ASSUMPTIONS SHALL BE MADE: 

(A) FOR NONDIFFERENTIAL AILERONS, 75 PER
CENT OF THE STICK FORCE OR COUPLE SHALL BE 
ASSUMED TO BE RESISTED BY A DOWN AILERON, 
THE REMAINDER BY THE OTHER AILERON; ALSO, AS 
A SEPARATE CONDITION, 50 PERCENT SHALL BE AS
SUMED TO BE RESISTED BY AN UP AILERON, THE 
REMAINDER BY THE OTHER AILERON. 

(B) FOR DIFFERENTIA] AILERONS, 75 PERCENT OF 
THE STICK FORCE OR COUPLE SHALL BE ASSUMED 
TO BE RESISTED BY EACH AILERON IN EITHER THE 
UP OR DOWN POSITION, OR RATIONAL ASSUMPTIONS 
BASED ON THE GEOMETRY OF THE SYSTEM SHALL 
BE MADE. 

4A.L42 Flap and tab control systems. IN 
APPLYING SECTION 4A.L37 SUITABLE MINIMUM 
MANUAL FORCES SHALL BE ASSUMED TO ACT ON 
FLAP AND TAB CONTROL SYSTEMS AND OTHER SIM
ILAR CONTROLS. 

Ground Loads 

4A.L47 General. THE CONDITIONS SET FORTH 
IN SECTIONS 4A.148-4A.156 REPRESENT THE MINI
M U M AMOUNT OF INVESTIGATION REQUIRED FOR 
CONVENTIONAL (TAIL DOWN TYPE) LANDING GEAR. 
FOR UNCONVENTIONAL TYPES IT MAY BE NECES
SARY TO INVESTIGATE OTHER LANDING ATTITUDES, 
DEPENDING ON THE ARRANGEMENT AND DESIGN OF 
THE LANDING GEAR MEMBERS. CONSIDERATION 
WILL BE GIVEN TO A REDUCTION OF THE SPECIFIED 
LIMIT LOAD FACTORS WHEN IT CAN BE PROVED THAT 
THE SHOCK ABSORBING SYSTEM WILL POSITIVELY 
LIMIT THE ACCELERATION FACTOR TO A DEFINITE 
LOWER VALUE IN THE DROP TEST SPECIFIED IN SEC
TION 4A.L4S(B). THE MINIMUM FACTORS OF 
SAFETY ARE SPECIFIED FOR EACH LOADING CONDI
TION. SEE ALSO SECTIONS 4A.207 THROUGH 4AJ216 
FOR MULTIPLYING FACTORS OF SAFETY REQUIRED IN 
CERTAIN CASES. 

http://4a.148-4a.156
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4A.L48 Level landing. THE MINIMUM 
LIMIT LOAD FACTOR IS SPECIFIED IN FIG. 4A-10. 
THE RESULTANT OF THE GROUND REACTION SHALL 
BE ASSUMED TO BE A FORCE LYING AT THE INTER
SECTION OF THE PLANE OF SYMMETRY AND A PLANE 
IN WHICH ARE LOCATED THE AXLES AND THE CENTER 
OF GRAVITY OF THE AIRPLANE LESS CHASSIS. THE 
PROPELLER AXIS (OR EQUIVALENT REFERENCE LINE) 
SHALL BE ASSUMED HORIZONTAL AND THE BASIC 
VALUE OF THE VERTICAL COMPONENT OF THE RE
SULTANT OF THE GROUND REACTION SHALL BE EQUAL 
TO THE GROSS WEIGHT OF THE AIRPLANE MINUS 
CHASSIS AND WHEELS. THE HORIZONTAL COM
PONENT SHALL BE OF THE MAGNITUDE REQUIRED 
TO GIVE THE RESULTANT FORCE THE SPECIFIED DI
RECTION EXCEPT THAT IT NEED NOT BE GREATER 
THAN 25 PERCENT OF THE VERTICAL COMPONENT. 
THE RESULTANT OF THE GROUND REACTION SHALL 
BE ASSUMED TO BE DIVIDED EQUALLY BETWEEN 
WHEELS AND TO BE APPLIED AT THE AXLE AT THE 
CENTER OF THE WHEEL. THE SHOCK-ABSORBER 
UNIT AND TIRES SHALL BE ASSUMED TO BE DE
FLECTED TO HALF THEIR TOTAL TRAVEL, UNLESS IT 
IS APPARENT THAT A MORE CRITICAL ARRANGEMENT 
COULD EXIST. THE MINIMUM ULTIMATE FACTOR 
OF SAFETY SHALL BE 1.5. 

(A) Sliding element. IF A SLIDING ELEMENT 
INSTEAD OF A ROLLING ELEMENT IS USED FOR THE 
LANDING GEAR, A HORIZONTAL COMPONENT OF ONE-
HALF OF THE VERTICAL COMPONENT SHALL BE USED 
TO REPRESENT THE EFFECT OF GROUND FRICTION, 
EXCEPT THAT SKI GEAR WHICH IS DESIGNED AND 
USED ONLY FOR LANDING ON SNOW AND ICE MAY 
BE DESIGNED FOR THE SAME HORIZONTAL COMPO
NENT AS WHEEL GEAR. 

(B) Energy absorption. THE LEVEL LAND
ING CONDITION SPECIFIED IN SECTION 4A.L48 SHALL 
BE ASSUMED TO BE PRODUCED BY A FREE DROP, 
IN INCHES, EQUAL TO 0.36 TIMES THE CALCULATED 
STALLING SPEED (Vs) IN MILES PER HOUR, EXCEPT 
THAT THE HEIGHT OF FREE DROP SHALL NOT BE LESS 
THAN 18 INCHES FOR AIRPLANES EMPLOYING DE
VICES WHICH INCREASE THE NORMAL SINKING 
SPEED, BUT NEED NOT EXCEED 18 INCHES WHEN 
SUCH DEVICES ARE NOT EMPLOYED. THE HEIGHT 
OF FREE DROP IS MEASURED FROM THE BOTTOM 
OF THE TIRE TO THE GROUND, WITH THE LANDING 
GEAR EXTENDED TO ITS EXTREME UNLOADED POSI
TION. (SEE SEES. 4A.278, 4A.475.) 

4A.L51 Three-point landing. THE MINI
MUM LIMIT LOAD FACTOR IS SPECIFIED IN FIG. 
4A-10. THE VALUE OF THE SUM OF THE STATIC 
GROUND REACTIONS SHALL BE THE GROSS WEIGHT 
OF THE AIRPLANE LESS CHASSIS. THE TOTAL LOAD 
SHALL BE DIVIDED BETWEEN THE CHASSIS AND TAIL 
SKID OR WHEEL IN INVERSE PROPORTION TO THE 
DISTANCES, MEASURED PARALLEL TO THE GROUND 
LINE, FROM THE CENTER OF GRAVITY OF THE AIR
PLANE LESS CHASSIS TO THE POINTS OF CONTACT 
WITH THE GROUND. THE LOAD ON THE CHASSIS 
SHALL BE DIVIDED EQUALLY BETWEEN WHEELS. 
LOADS SHALL BE ASSUMED TO BE PERPENDICULAR 
TO THE GROUND LINE IN THE THREE-POINT LANDING 
ATTITUDE, WITH ALL SHOCK ABSORBERS AND TIRES 
DEFLECTED TO THE SAME DEGREE AS IN LEVEL LAND
ING. THE TAIL WHEEL OR SKID INSTALLATION SHALL 
ALSO BE INVESTIGATED FOR THIS CONDITION. THE 
MINIMUM ULTIMATE FACTOR OF SAFETY SHALL BE 
1.5. 

4A. 152 Energy absorption. THE THREE-
POINT LANDING CONDITION SPECIFIED IN SECTION 
4A.L51 SHALL BE ASSUMED TO BE PRODUCED BY A 
FREE DROP AS SPECIFIED UNDER SECTION 4A.L48 
(B). THIS REQUIRES SHOCK ABSORPTION BY BOTH 
MAIN WHEELS AND TAIL WHEEL (OR SKID). (SEE 
SEES. 4A.278, 4A.475.) 

4A.L53 Side load. THE MINIMUM LIMIT 
LOAD FACTOR SHALL BE 0.667. THE WEIGHT OF 
THE AIRPLANE SHALL BE ASSUMED TO ACT ON ONE 
WHEEL IN A DIRECTION PERPENDICULAR TO THE 
GROUND. IN ADDITION, A SIDE COMPONENT OF 
EQUAL MAGNITUDE SHALL BE ASSUMED TO ACT IN
WARD AND NORMAL TO THE PLANE OF SYMMETRY 
AT THE POINT OF CONTACT OF THE WHEEL, AND AN 
AFT COMPONENT EQUAL TO 0.55 TIMES THE VERTICAL 
COMPONENT SHALL BE ASSUMED TO ACT PARALLEL 
TO THE GROUND AT SUCH POINT. THE AIRPLANE 
SHALL BE ASSUMED TO BE IN A THREE-POINT ATTI
TUDE WITH THE SHOCK ABSORBERS DEFLECTED TO 
THEIR STATIC POSITION AND THE TIRES DEFLECTED 
ONE-QUARTER THE NOMINAL DIAMETER OF THEIR 
CROSS SECTION. THE MINIMUM ULTIMATE FACTOR 
OF SAFETY SHALL BE 1.5. 

4A.L54 One-wheel landing. AN INVESTIGA
TION OF THE FUSELAGE STRUCTURE IS REQUIRED FOR 
A ONE-WHEEL LANDING, IN WHICH ONLY THOSE 
LOADS OBTAINED ON ONE SIDE OF THE FUSELAGE IN 
THE LEVEL LANDING CONDITION ARE APPLIED. THE 
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RESULTING LOAD FACTOR IS THEREFORE ONE-HALF OF 
THE LEVEL LANDING LOAD FACTOR. (THIS CONDI
TION IS IDENTICAL WITH THE LEVEL LANDING CON
DITION INSOFAR AS THE LANDING GEAR STRUCTURE 
IS CONCERNED.) THE MINIMUM ULTIMATE FACTOR 
OF SAFETY SHALL BE 1.5. 

4A.L55 Braked landing. THE MINIMUM 
LIMIT LOAD FACTOR SHALL BE 1.33. AIRPLANES 
EQUIPPED WITH BRAKES SHALL BE INVESTIGATED 
FOR THE LOADS INCURRED WHEN A LANDING IS 
MADE WITH THE WHEELS LOCKED AND THE AIR
PLANE IS IN AN ATTITUDE SUCH THAT THE TAIL SKID 
OR WHEEL JUST CLEARS THE GROUND. THE WEIGHT 
OF THE AIRPLANE LESS CHASSIS SHALL BE ASSUMED 
TO ACT ON THE WHEELS IN A DIRECTION PERPEN
DICULAR TO THE GROUND LINE IN THIS ATTITUDE. 
IN ADDITION, A COMPONENT PARALLEL TO THE 
GROUND LINE SHALL BE ASSUMED TO ACT AT THE 
POINT OF CONTACT OF THE WHEELS AND THE 
GROUND, THE MAGNITUDE OF THIS COMPONENT 
BEING EQUAL TO THE WEIGHT OF THE AIRPLANE LESS 
CHASSIS TIMES A COEFFICIENT OF FRICTION OF 0.55. 
THE TIRE IN ALL CASES SHALL BE ASSUMED TO HAVE 
DEFLECTED NOT MORE THAN ONE-QUARTER THE 
NOMINAL DIAMETER OF ITS CROSS SECTION, AND THE 
DEFLECTION OF THE SHOCK ABSORBERS SHALL BE THE 
SAME AS IN LEVEL LANDING. THE MINIMUM UL
TIMATE FACTOR OF SAFETY SHALL BE 1.5. 

4A.L56 Side loads on tail wheel or skid. 
SUITABLE ASSUMPTIONS SHALL BE MADE TO COVER 
SIDE LOADS ACTING ON TAIL SKIDS OR TAIL WHEELS 
WHICH ARE NOT FREE TO SWIVEL OR WHICH CAN BE 
LOCKED OR STEERED BY THE PILOT. 

WATER LOADS 

4A,161 General. THE REQUIREMENTS SET 
FORTH IN SECTIONS 4A.162-4A.177 SHALL APPLY TO 
THE ENTIRE AIRPLANE, BUT HAVE PARTICULAR REF
ERENCE TO HULL STRUCTURES, WINGS, NACELLES, 
AND FLOAT SUPPORTING STRUCTURE. THE REQUIRE
MENTS FOR CERTIFICATION OF FLOATS AS INDIVIDUAL 
ITEMS OF EQUIPMENT ARE SPECIFIED IN PART 15 
OF THIS SUBCHAPTER. THE MINIMUM FACTORS 
OF SAFETY ARE SPECIFIED FOR EACH LOADING 
CONDITION. 

Cross References: For multiplying factors of safety 
required in certain cases, see sees. 4a.207-4a>216. For 
detail design requirements for hulls and floats, see 
sees. 4a.488-4a.492. 

FLOAT SEAPLANES 
4A.L62 Landing with inclined reactions 

(float seaplanes). THE VERTICAL COMPONENT OF 
THE LIMIT LOAD FACTOR SHALL BE 4.20 EXCEPT THAT 
IT NEED NOT EXCEED A VALUE GIVEN BY THE FOL
LOWING FORMULA: 

-.=3.0+0.133 W/S. 

THE PROPELLER AXIS (OR EQUIVALENT REFERENCE 
LINE) SHALL BE ASSUMED TO BE HORIZONTAL AND 
THE RESULTANT WATER REACTION TO BE ACTING IN 
THE PLANE OF SYMMETRY AND PASSING THROUGH 
THE CENTER OF GRAVITY OF THE AIRPLANE LESS 
FLOATS AND FLOAT BRACING, BUT INCLINED SO THAT 
ITS HORIZONTAL COMPONENT IS EQUAL TO ONE-
QUARTER OF ITS VERTICAL COMPONENT. THE 
FORCES REPRESENTING THE WEIGHTS OF AND IN 
THE AIRPLANE SHALL BE ASSUMED to act IN A 
DIRECTION PARALLEL TO THE WATER REACTION. 
THE WEIGHT OF THE FLOATS AND FLOAT BRACING 
MAY BE DEDUCTED FROM THE GROSS WEIGHT OF 
THE AIRPLANE. 

4A.L63 Float attachment members. FOR 
THE DESIGN OF FLOAT ATTACHMENT MEMBERS, IN
CLUDING THE MEMBERS NECESSARY TO COMPLETE 
A RIGID BRACE TRUSS THROUGH THE FUSELAGE, THE 
MINIMUM ULTIMATE FACTOR OF SAFETY SHALL BE 
1.85. FOR THE REMAINING STRUCTURAL MEMBERS 
THE MINIMUM ULTIMATE FACTOR OF SAFETY SHALL 
BE 1.50. 

4A.L64 Landing with vertical reactions 
(float seaplanes). THE LIMIT LOAD FACTOR 
SHALL BE 4.33, ACTING VERTICALLY, EXCEPT THAT 
IT NEED NOT EXCEED A VALUE GIVEN BY THE FOL
LOWING FORMULA: 

THE PROPELLER AXIS (OR EQUIVALENT REFERENCE 
LINE) SHALL BE ASSUMED TO BE HORIZONTAL, AND 
THE RESULTANT WATER REACTION TO BE VERTICAL 
AND PASSING THROUGH THE CENTER OF GRAVITY 
OF THE AIRPLANE LESS FLOATS AND FLOAT BRACING. 
THE WEIGHT OF THE FLOATS AND FLOAT BRACING 
MAY BE DEDUCTED FROM THE GROSS WEIGHT OF 
THE AIRPLANE. 

4A.L€5. Safety factors. THE MINIMUM 
FACTORS OF SAFETY SHALL BE THE SAME AS THOSE 
SPECIFIED IN SECTION 4A.L63. 

4A.L66 Landing with side load (float sea
planes). THE VERTICAL COMPONENT OF THE 

http://4a.162-4a.177
http://4a.488-4a.492
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(C) Application of local pressure. THE LO
CAL PRESSURE DETERMINED FROM SECTION 4A.L67 
(A) AND FIGURE 4A-LL SHALL BE APPLIED OVER 
A LOCAL AREA IN SUCH A MANNER AS TO CAUSE 
THE MAXIMUM LOCAL LOADS IN THE HULL BOTTOM 
STRUCTURE. 

4A.L68 Distributed bottom pressures. 
(A) FOR THE PURPOSE OF DESIGNING FRAMES, 

KEELS, AND CHINE STRUCTURE, THE LIMIT PRES
SURES OBTAINED FROM SECTION 4A.L67(A) AND 
FIGURE 4A-LL SHALL BE REDUCED TO ONE-HALF 
THE "LOCAL" VALUES AND SIMULTANEOUSLY AP
PLIED OVER THE ENTIRE HULL BOTTOM. THE LOADS 
SO OBTAINED SHALL BE CARRIED INTO THE SIDE-
WALL STRUCTURE OF THE HULL PROPER, BUT NEED 
NOT BE TRANSMITTED IN A FORE-AND-AFT DIREC
TION AS SHEAR AND BENDING LOADS. THE MINI
MUM ULTIMATE FACTOR OF SAFETY SHALL BE 1.5. 

(B) Unsymmetrical loading. EACH FLOOR 
MEMBER OR FRAME SHALL BE DESIGNED FOR A 
LOAD ON ONE SIDE OF THE HULL CENTERLINE EQUAL 
TO THE MOST CRITICAL SYMMETRICAL LOADING, 
COMBINED WITH A LOAD ON THE OTHER SIDE OF THE 
HULL CENTERLINE EQUAL TO ONE-HALF OF THE 
MOST CRITICAL SYMMETRICAL LOADING. 

4A.L69 Step loading condition. 
(A) Application of load. THE RESULTANT 

WATER LOAD SHALL BE APPLIED VERTICALLY IN THE 
PLANE OF SYMMETRY SO AS TO PASS THROUGH THE 
CENTER OF GRAVITY OF THE AIRPLANE (IN FULL 
LOAD CONDITION). 

(B) Acceleration. THE LIMIT ACCELERATION 
SHALL BE 4.33. 

(C) Hull shear and bending loads. THE 
HULL SHEAR AND BENDING LOADS SHALL BE COM
PUTED FROM THE INERTIA LOADS PRODUCED BY 
THE VERTICAL WATER LOAD. TO AVOID EXCESSIVE 
LOCAL SHEAR LOADS AND BENDING MOMENTS NEAR 
THE POINT OF WATER LOAD APPLICATION, THE WA
TER LOAD MAY BE DISTRIBUTED OVER THE HULL 
BOTTOM, USING PRESSURES NOT LESS THAN THOSE 
SPECIFIED IN SECTION 4A.L68(A). THE MINI
MUM ULTIMATE FACTOR OF SAFETY SHALL BE 1.5. 

4A.L70 Bow loading contition. 
(A) Application of load. THE RESULTANT 

WATER LOAD SHALL BE APPLIED IN THE PLANE OF 
SYMMETRY AT A POINT ONE-TENTH OF THE DIS
TANCE FROM THE BOW TO THE STEP AND SHALL BE 
DIRECTED UPWARD AND REARWARD AT AN ANGLE 
OF 30° FROM THE VERTICAL. 

LIMIT LOAD FACTOR SHALL BE 4.0, TO BE APPLIED 
TO THE GROSS WEIGHT OF THE AIRPLANE LESS FLOATS 
AND FLOAT BRACING. THE PROPELLER AXIS (OR 
EQUIVALENT REFERENCE LINE) SHALL BE ASSUMED 
TO BE HORIZONTAL AND THE RESULTANT WATER RE
ACTION SHALL BE ASSUMED TO BE IN THE VERTICAL 
PLANE WHICH PASSES THROUGH THE CENTER OF 
GRAVITY OF THE AIRPLANE LESS FLOATS AND FLOAT 
BRACING AND IS PERPENDICULAR TO THE PROPEL
LER AXIS. THE VERTICAL LOAD SHALL BE APPLIED 
THROUGH THE KEEL OR KEELS OF THE FLOAT OR 
FLOATS, AND EVENLY DIVIDED BETWEEN THE FLOATS 
WHEN TWIN FLOATS ARE USED. A SIDE LOAD EQUAL 
TO ONE-FOURTH OF THE VERTICAL LOAD SHALL BE 
APPLIED ALONG A LINE APPROXIMATELY HALFWAY 
BETWEEN THE BOTTOM OF THE KEEL AND THE LEVEL 
OF THE WATER LINE AT REST. WHEN BUILT-IN 
STRUTS ARE USED, CHECK CALCULATIONS SHALL BE 
MADE FOR THE BUILT-IN STRUTS WITH THE SIDE 
LOAD AT THE LEVEL OF THE WATER LINE AT REST. 
WHEN TWIN FLOATS ARE USED, THE ENTIRE SIDE 
LOAD SPECIFIED SHALL BE APPLIED TO THE FLOAT ON 
THE SIDE FROM WHICH THE WATER REACTION ORIG
INATES. THE MINIMUM ULTIMATE FACTOR OF 
SAFETY SHALL BE 1.50. 

Boat Seaplanes 

4A.L67 Local bottom pressures. 
(A) Maximum local pressure. THE MAXI

MUM VALUE OF THE LIMIT LOCAL PRESSURE SHALL 
BE DETERMINED FROM THE FOLLOWING EQUATION: 

pmtx= 0.055¥,>•</ W \K 
V 50,000/ 

WHERE 
/»=PRESSURE, POUNDS PER SQUARE INCH 

F.=STALLING SPEED, FLAPS DOWN, POWER ON, IN MILES PER 
HOUR. (TO BE CALCULATED ON THE BASIS OF WIND 
TUNNEL DATA OR FLIGHT TESTS ON PREVIOUS AIR
PLANES.) 

W=design weight 

THE MINIMUM ULTIMATE FACTOR OF SAFETY SHALL 
BE 1.5. 

(B) Variation in local pressure. THE LO
CAL PRESSURES TO BE APPLIED TO THE HULL BOT
TOM SHALL VARY IN ACCORDANCE WITH FIGURE 
4A-LL. NO VARIATION FROM KEEL TO CHINE 
(BEAMWISE) SHALL BE ASSUMED, EXCEPT WHEN 
THE CHINE FLARE INDICATES THE ADVISABILITY OF 
HIGHER PRESSURES OF THE CHINE. 
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(B) Magnitude of load. THE MAGNITUDE 
OF THE LIMIT RESULTANT WATER LOAD SHALL BE 
DETERMINED FROM THE FOLLOWING EQUATION: 

P>=Vzn.W„ 

where 
i*6=load in pounds, 
rt.=step landing load factor, 

W,=effective weight which is assumed equal to one-
half the design weight of the airplane. 

(C) Hull shear and bending loads. THE 
HULL SHEAR AND BENDING LOADS SHALL BE DE
TERMINED BY PROPER CONSIDERATION OF THE INER
TIA LOADS WHICH RESIST THE LINEAR AND ANGULAR 
ACCELERATIONS INVOLVED. TO AVOID EXCESSIVE 
LOCAL SHEAR LOADS, THE WATER REACTION MAY BE 
DISTRIBUTED OVER THE HULL BOTTOM, USING PRES
SURES NOT LESS THAN THOSE SPECIFIED IN SECTION 
4A.L68(A). THE MINIMUM ULTIMATE FACTOR OF 
SAFETY SHALL BE 1.5. 

4A.L71 Stern loading condition. 
(A) Application of load. THE RESULTANT 

WATER LOAD SHALL BE APPLIED VERTICALLY IN THE 
PLANE OF SYMMETRY AND SHALL BE DISTRIBUTED 
OVER THE HULL BOTTOM FROM THE SECOND STEP 
FORWARD WITH AN INTENSITY EQUAL TO THE PRES
SURES SPECIFIED IN SECTION 4A.L68(A). 

(B) Magnitude of load. THE LIMIT RESULT
ANT LOAD SHALL EQUAL THREE-QUARTERS OF THE 
DESIGN WEIGHT OF THE AIRPLANE. 

(C) Hull shear and bending loads. THE 
HULL SHEAR AND BENDING LOADS SHALL BE DETER
MINED BY ASSUMING THE HULL STRUCTURE TO BE 
SUPPORTED AT THE WING ATTACHMENT FITTINGS 
AND NEGLECTING INTERNAL INERTIA LOADS. THIS 
CONDITION NEED NOT BE APPLIED TO THE FITTINGS 
OR TO THE PORTION OF THE HULL AHEAD OF THE 
REAR ATTACHMENT FITTINGS. THE MINIMUM 
ULTIMATE FACTOR OF SAFETY SHALL BE 15. 

4A.L72. Side loading condition. 
(A) Application of load. THE RESULTANT 

WATER LOAD SHALL BE APPLIED IN A VERTICAL 
PLANE THROUGH THE CENTER OF GRAVITY. THE 
VERTICAL COMPONENT SHALL BE ASSUMED TO ACT 
IN THE PLANE OF SYMMETRY AND THE HORIZONTAL 
COMPONENT AT A POINT HALF WAY BETWEEN THE 
BOTTOM OF THE KEEL AND THE LOAD WATER LINE AT 
DESIGN WEIGHT (AT REST). 

(B) Magnitude of load. THE LIMIT VERTICAL 
COMPONENT OF ACCELERATION SHALL BE 3.25 AND 

THE SIDE COMPONENT SHALL BE EQUAL TO 15 PER
CENT OF THE VERTICAL COMPONENT. 

(C) Hull shear and bending loads. THE 
HULL SHEAR AND BENDING LOADS SHALL BE DETER
MINED BY PROPER CONSIDERATION OF THE INERTIA 
LOADS OR BY INTRODUCING COUPLES AT THE WING 
ATTACHMENT POINTS. TO AVOID EXCESSIVE LOCAL 
SHEAR LOADS, THE WATER REACTION MAY BE DIS
TRIBUTED OVER THE HULL BOTTOM, USING PRES
SURES NOT LESS THAN THOSE SPECIFIED IN SECTION 
4A.L68(A). THE MINIMUM ULTIMATE FACTOR OF 
SAFETY SHALL BE 1.5. 

Seaplane Float Loads 
4A.L73 Seaplane float loads. EACH MAIN 

FLOAT OF A FLOAT SEAPLANE SHALL BE CAPABLE OF 
CARRYING THE FOLLOWING LOADS WHEN SUPPORTED 
AT THE ATTACHMENT FITTINGS AS INSTALLED ON 
THE AIRPLANE. THE MINIMUM ULTIMATE FACTOR 
OF SAFETY SHALL BE 1.5. 

(A) A LIMIT LOAD, ACTING UPWARD, APPLIED 
AT THE BOW END OF THE FLOAT AND OF MAGNI
TUDE EQUAL TO ONE-HALF OF THAT PORTION OF 
THE AIRPLANE GROSS WEIGHT NORMALLY SUP
PORTED BY THE PARTICULAR FLOAT. 

(B) THE LIMIT LOAD SPECIFIED IN PARAGRAPH 
(A) OF THIS SECTION, ACTING UPWARD AT THE 
STERN. 

(C) A LIMIT LOAD, ACTING UPWARD, APPLIED 
AT THE STEP AND OF MAGNITUDE EQUAL TO 1.33 
TIMES THAT PORTION OF THE AIRPLANE GROSS 
WEIGHT NORMALLY SUPPORTED BY THE PARTICU
LAR FLOAT. 

4A.L74 Seaplane float bottom loads. MAIN 
SEAPLANE FLOAT BOTTOMS SHALL BE DESIGNED TO 
WITHSTAND THE FOLLOWING LOADS. THE MINI
MUM ULTIMATE FACTOR OF SAFETY SHALL BE 1.5. 

(A) A LIMIT LOAD OF AT LEAST 5.33 POUNDS 
PER SQUARE INCH OVER THAT PORTION OF THE BOT
TOM LYING BETWEEN THE FIRST STEP AND A SEC
TION AT 25 PERCENT OF THE DISTANCE FROM THE 
STEP TO THE BOW. 

(B) A LIMIT LOAD OF AT LEAST 2.67 POUNDS PER 
SQUARE INCH OVER THAT PORTION OF THE BOTTOM 
LYING BETWEEN THE SECTION AT 25 PERCENT OF THE 
DISTANCE FROM THE STEP TO THE BOW AND A SEC
TION AT 75 PERCENT OF THE DISTANCE FROM THE 
STEP TO THE BOW. 

(C) A LIMIT LOAD OF AT LEAST 2.67 POUNDS 
PER SQUARE INCH OVER THAT PORTION OF THE BOT-
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TORN LYING BETWEEN THE FIRST AND SECOND STEPS. 
IF ONLY ONE STEP IS USED, THIS LOAD SHALL EX
TEND OVER THAT PORTION OF THE BOTTOM LYING 
BETWEEN THE STEP AND A SECTION AT 50 PERCENT 
OF THE DISTANCE FROM THE STEP TO THE STERN. 

WING-TIP FLOAT LOADS 

4A.L75 Wing-tip float loads. WING-TIP 
FLOATS AND THEIR ATTACHMENT, INCLUDING THE 
WING STRUCTURE, SHALL BE ANALYZED FOR EACH OF 
THE FOLLOWING CONDITIONS, USING A MINIMUM 
ULTIMATE FACTOR OF SAFETY OF 1.5: 

(A) A LIMIT LOAD ACTING VERTICALLY UP AT 
THE COMPLETELY SUBMERGED CENTER OF BUOY
ANCY AND EQUAL TO THREE TIMES THE COMPLETELY 
SUBMERGED DISPLACEMENT. 

(B) A LIMIT LOAD INCLINED UPWARD AT 45 DE
GREES TO THE REAR AND ACTING THROUGH THE COM
PLETELY SUBMERGED CENTER OF BUOYANCY AND 
EQUAL TO THREE TIMES THE COMPLETELY SUB
MERGED DISPLACEMENT. 

(C) A LIMIT LOAD ACTING PARALLEL TO THE 
WATER SURFACE (LATERALLY) APPLIED AT THE CEN
TER OF AREA OF THE SIDE VIEW AND EQUAL TO ONE 
AND ONE-HALF TIMES THE COMPLETELY SUBMERGED 
DISPLACEMENT. 

4A.L76 Wing structure. THE PRIMARY 
WING STRUCTURE SHALL INCORPORATE SUFFICIENT 
EXTRA STRENGTH TO INSURE THAT FAILURE OF 
WING-TIP FLOAT ATTACHMENT MEMBERS OCCURS 
BEFORE THE WING STRUCTURE IS DAMAGED. 

MISCELLANEOUS WATER LOADS 

4A.L77 Sea wing toads. SPECIAL RULINGS 
SHALL BE OBTAINED FROM THE ADMINISTRATOR FOR 
THE STRENGTH REQUIREMENTS FOR SEA WINGS. 

SPECIAL LOADING CONDITIONS 

4A.L87 Engine torque. IN THE CASE OF EN
GINES HAVING FIVE OR MORE CYLINDERS THE 
STRESSES DUE TO THE TORQUE LOAD SHALL BE MUL
TIPLIED BY A LIMIT LOAD FACTOR OF 1.5. FOR 4-, 
3-, AND 2-CYLINDER ENGINES THE LIMIT LOAD FAC
TORS SHALL BE 2, 3, AND 4, RESPECTIVELY. THE 
TORQUE ACTING ON THE AIRPLANE STRUCTURE SHALL 
BE COMPUTED FOR THE TAKE-OFF POWER DESIRED 
AND THE PROPELLER SPEED CORRESPONDING THERE
TO (SEE SEC. 4A.727). THE ENGINE MOUNT AND 
FORWARD PORTION OF THE FUSELAGE AND NACELLES 

SHALL BE DESIGNED FOR THIS CONDITION. THE 
MINIMUM ULTIMATE FACTOR OF SAFETY SHALL BE 
1.5 UNLESS HIGHER FACTORS ARE DEEMED NECES
SARY BY THE ADMINISTRATOR IN ORDER TO MAKE 
SPECIAL PROVISION FOR CONDITIONS SUCH AS VI
BRATION, STRESS CONCENTRATION, AND FATIGUE. 

4A.L88 High angle of attack and torque. 
THE LIMIT LOADS DETERMINED FROM SECTION 
4A.L87 SHALL BE CONSIDERED AS ACTING SIMUL
TANEOUSLY WITH 75 PERCENT OF THE LIMIT LOADS 
DETERMINED FROM CONDITION I (SEC. 4A.79). 
THE ENGINE MOUNT, NACELLES, AND FORWARD 
PORTION OF THE FUSELAGE (WHEN A NOSE ENGINE 
IS INSTALLED) SHALL BE DESIGNED FOR THIS CON
DITION. THE MINIMUM ULTIMATE FACTOR OF 
SAFETY SHALL BE 1.5. 

4A.L89 Engine mounts, nacelles, etc. THE 
ENGINE MOUNTS, NACELLES, AND FORWARD POR
TION OF THE FUSELAGE (WHEN A NOSE ENGINE IS 
INSTALLED) SHALL BE INVESTIGATED FOR THE LIMIT 
LOADS DETERMINED FROM CONDITION I (SEE SEES. 
4A.79 AND 4A.94) ACTING SIMULTANEOUSLY WITH 
THE LIMIT LOADS DUE TO THE ENGINE TORQUE DE
TERMINED IN ACCORDANCE WITH SECTION 4A.L87, 
EXCEPT THAT THE ENGINE POWER AND THE PRO
PELLER SPEED SHALL CORRESPOND TO THE DESIGN 
POWER (SEC. 4A.38 (B)) OR THE OUTPUT SPECIFIED 
FOR CLIMBING FLIGHT (SEE SEC. 4A.727), WHICH
EVER IS HIGHER. THE MINIMUM ULTIMATE FAC
TOR OF SAFETY SHALL BE 1.5. 

4A.L90 Side load and engine mount. THE 
LIMIT LOAD FACTOR FOR THIS CONDITION SHALL BE 
EQUAL TO ONE-THIRD OF THE LIMIT LOAD FACTOR 
FOR FLIGHT CONDITION I (SEC. 4A.79) BUT SHALL IN 
NO CASE BE LESS THAN 1.33. THE ENGINE MOUNT 
AND FORWARD SECTION OF THE FUSELAGE AND 
NACELLES SHALL BE ANALYZED FOR THIS CONDITION, 
CONSIDERING THE LIMIT LOAD TO BE PRODUCED BY 
INERTIA FORCES. THE MINIMUM ULTIMATE FAC
TOR OF SAFETY SHALL BE 1.5. 

4A.L91 Up load on engine mount. FOR 
ENGINE MOUNTS THE LIMIT LOAD IN EACH MEMBER 
SHALL BE ARBITRARILY ASSUMED AS 50 PERCENT 
OF THAT IN THE LEVEL LANDING CONDITION BUT OF 
OPPOSITE SIGN. THE MINIMUM ULTIMATE FAC
TOR OF SAFETY WILL BE 1.5. 

4A.L92 Passenger loads. PASSENGER LOADS 
IN THE ACCELERATED FLIGHT CONDITIONS SHALL BE 
COMPUTED FOR A STANDARD PASSENGER WEIGHT 
OF 170 POUNDS AND A MINIMUM ULTIMATE FACTOR 
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OF SAFETY OF 1.50 SHALL BE USED, EXCEPT THAT 
SEATS AND BERTHS NEED NOT BE DESIGNED FOR THE 
REDUCED WEIGHT GUST CONDITIONS SPECIFIED IN 
SECTION 4A.94. THIS SHALL NOT EXEMPT THE 
PRIMARY STRUCTURE FROM SUCH GUST CONDITIONS. 

4A.L93 Safety belt loads. ON ALL AIRPLANES 
MANUFACTURED ON OR AFTER JANUARY 1, 1951, 
STRUCTURES, INCLUDING SEATS, BERTHS, AND THEIR 
ATTACHMENTS, WHICH CARRY SAFETY BELT LOADS 
SHALL BE CAPABLE OF WITHSTANDING THE FOLLOW
ING ULTIMATE ACCELERATIONS ASSUMED TO ACT 
UPON THE OCCUPANTS OF THE BELT. 

Upward 2.0g 
Forward 6.0g 
Sidward . - - - 1.5g 

4A.L94 Local loads. THE PRIMARY STRUC
TURE SHALL BE DESIGNED TO WITHSTAND LOCAL 
LOADS CAUSED BY DEAD WEIGHTS AND CONTROL 
LOADS. BAGGAGE COMPARTMENTS SHALL BE DE
SIGNED TO WITHSTAND LOADS CORRESPONDING TO 
THE MAXIMUM AUTHORIZED CAPACITY. THE IN
VESTIGATION OF DEAD WEIGHT LOADS SHALL IN
CLUDE A SUFFICIENT NUMBER OF REDUCED WEIGHT 
GUST CONDITIONS TO INSURE THAT THE MOST SEVERE 
COMBINATIONS HAVE BEEN INVESTIGATED. 

Cross Reference: For standard weights, see sec. 
4a.771. 

4A.L95 Rigging loads. STRUCTURES BRACED 
BY WIRES (OR TIE-RODS) SHALL BE CAPABLE OF DE
VELOPING AN ULTIMATE FACTOR OF SAFETY OF 1.5 
WITH RESPECT TO THE LIMIT LOADS DUE TO RIGGING 
THE WIRES TO 20 PERCENT OF THEIR RATED STRENGTH 
(STRENGTH OF WIRE, NOT TERMINAL). WHEN THE 
STRUCTURE IS SUCH THAT ALL WIRES CANNOT BE SI
MULTANEOUSLY RIGGED TO 20 PERCENT OF THEIR 
RATED LOADS, A RIGGING CONDITION SHALL BE 
ASSUMED IN WHICH THE AVERAGE OF THE RIGGING 
LOADS, EXPRESSED IN PERCENT, EQUALS 20. (SEE 
ALSO SEC. 4A.211.) THE ABOVE CONDITION NEED 
NOT BE SUPERIMPOSED ON OTHER LOADING CONDI
TIONS, BUT THE ADMINISTRATOR MAY REQUIRE 
ADDITIONAL INVESTIGATION FOR RESIDUAL RIGGING 
LOADS WHEN SUCH INVESTIGATION APPEARS NECES
SARY. (SEE ALSO SEC. 4A-253.) 

4A.L96 Air loads on struts. EXTERNAL 
WING-BRACE STRUTS WHICH ARE AT AN ANGLE OF 
MORE THAN 45° WITH THE PLANE OF SYMMETRY 
AND WHICH HAVE A CROSS-SECTIONAL FINENESS 
RATIO OF MORE THAN 3 SHALL BE ASSUMED TO ACT 
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AS LIFTING AIR FOILS AND SHALL BE DESIGNED TO 
CARRY THE RESULTANT TRANSVERSE LOADS IN COM
BINATION WITH THE SPECIFIED AXIAL LOADS. IN 
COMPUTING THE LIMIT LOADS THE STRUT SECTIONS 
SHALL BE ASSUMED TO HAVE A NORMAL FORCE CO
EFFICIENT EQUAL TO 1.0 AND THE TOTAL AIR LOAD 
SHALL BE BASED ON THE EXPOSED AREA OF THE 
STRUT. THE CHORD COMPONENTS AND VERTICAL 
REACTIONS OF SUCH AIR LOAD AND THE LIFT CON
TRIBUTED BY THE STRUT SHALL NOT BE CONSIDERED 
IN THE ANALYSIS OF THE WING. 

Multiplying Factors of Safety 

4A.207 General. IN ADDITION TO THE MINI
M U M FACTORS OF SAFETY SPECIFIED FOR EACH 
LOADING CONDITION, THE MULTIPLYING FACTORS 
SPECIFIED IN TABLE 4A-7 AND SECTIONS 4A.20S-
4A.216 SHALL BE INCORPORATED IN THE STRUCTURE. 
THE TOTAL FACTOR OF SAFETY REQUIRED FOR ANY 
STRUCTURAL COMPONENT OR PART EQUALS THE 
MINIMUM FACTOR OF SAFETY SPECIFIED FOR THE 
LOADING CONDITION IN QUESTION MULTIPLIED BY 
THE FACTORS OF SAFETY HEREINAFTER SPECIFIED, 
EXCEPT THAT CERTAIN MULTIPLYING FACTORS MAY 
BE INCLUDED IN OTHERS, AS INDICATED IN TABLE 
4A-7. 

4A.208 Fittings. ALL FITTINGS IN THE PRI
MARY STRUCTURE SHALL INCORPORATE THE MULTI
PLYING FACTOR OF SAFETY SPECIFIED IN TABLE 
4A-7. FOR THIS PURPOSE FITTINGS ARE DEFINED AS 
PARTS USED TO CONNECT ONE PRIMARY MEMBER 
TO ANOTHER AND SHALL INCLUDE THE BEARING OF 
THOSE PARTS ON THE MEMBERS THUS CONNECTED. 
CONTINUOUS JOINTS IN METAL PLATING AND 
WELDED JOINTS BETWEEN PRIMARY STRUCTURAL 
MEMBERS ARE NOT CLASSIFIED AS FITTINGS. (SEE 
ALSO SEES. 4A-320, 4A.321.) 

4A.209 Castings. ALL CASTINGS USED IN THE 
PRIMARY STRUCTURE SHALL INCORPORATE A MUL
TIPLYING FACTOR OF SAFETY NOT LESS THAN THAT 
SPECIFIED IN TABLE 4A-7. 

4A.210 Parallel double wires. WHEN PAR
ALLEL DOUBLE WIRES ARE USED IN WING LIFT 
TRUSSES EACH WIRE SHALL INCORPORATE A MULTI
PLYING FACTOR OF SAFETY NOT LESS THAN THAT 
SPECIFIED IN TABLE 4A-7. 

4A.211 Wires at small angles. WIRE OR 
TIE-ROD MEMBERS OF WING OR TAIL SURFACE EX-
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TERNAL BRACING SHALL INCORPORATE A MULTIPLY
ING FACTOR OF SAFETY COMPUTED AS FOLLOWS: 

K.—L/2R (except that K shall not be less than 1.0) 
where 

A'=the additional factor. 
R—the reaction resisted by the wire in a direction 

normal to the wing or tail surface plane, and 
J-==the load required in the wire to balance the re

action R. 

4A.212 Double drag trusses. WHENEVER 
DOUBLE DRAG TRUSSING IS EMPLOYED, ALL DRAG 
WIRES SHALL INCORPORATE A MULTIPLYING FACTOR 
OF SAFETY VARYING LINEARLY FROM 3.0, WHEN 
THE RATIO OF OVERHANG TO ROOT CHORD OF OVER
HANG IS 2.0 OR GREATER, TO 1.20 WHEN SUCH RATIO 
IS 1.0 OR LESS, ASSUMING AN EQUAL DIVISION OF 
DRAG LOAD BETWEEN THE TWO SYSTEMS. 

4A.213 Torque tubes used as hinges. WHEN 
STEEL TORQUE TUBES ARE EMPLOYED IN DIRECT 
BEARING AGAINST STRAP-TYPE HINGES THEY SHALL 
INCORPORATE A MULTIPLYING FACTOR OF SAFETY 
AT THE HINGE POINT NOT LESS THAN THAT SPECIFIED 
IN TABLE 4A-7. (SEE ALSO SEC. 4A.448.) 

4A.214 Control surface hinges and control 
system joints. CONTROL SURFACE HINGES AND 
CONTROL SYSTEM JOINTS SUBJECTED TO ANGULAR 
MOTION, EXCEPTING BALL OR ROLLER BEARINGS AND 
ARMY-NAVY STANDARD PARTS USED IN CABLE CON
TROL SYSTEMS, SHALL INCORPORATE MULTIPLYING 
FACTORS OF SAFETY NOT LESS THAN THOSE SPECIFIED 
IN TABLE 4A-7 WITH RESPECT TO THE ULTIMATE 
BEARING STRENGTH OF THE SOFTEST MATERIAL USED 
AS A BEARING. FOR BAIL OR ROLLER BEARINGS A 
YIELD FACTOR OF SAFETY OF 1.0 WITH RESPECT TO 
THE MANUFACTURER'S NON-BRINELL RATING IS 
CONSIDERED SUFFICIENT TO PROVIDE AN ADEQUATE 
ULTIMATE FACTOR OF SAFETY. 

4A.215 Wire sizes. (SEE SEES. 4A.319,4A.322, 
4A.335.) 

4A.216 Wing lift truss system. ALL STRUC
TURAL MEMBERS OF THE WING LIFT TRUSS SYSTEM 
WHICH TRANSMIT DIRECT LOADS FROM THE LANDING 
GEAR SHALL, IN THE LANDING CONDITIONS, INCOR
PORATE A MULTIPLYING FACTOR OF SAFETY NOT LESS 
THAN THAT SPECIFIED IN TABLE 4A-7. 

Subpart D—Proof of Structure 

4A.227 General. PROOF OF COMPLIANCE WITH 
THE LOADING REQUIREMENTS OUTLINED IN SUBPART 
C SHALL BE MADE IN A MANNER SATISFACTORY TO 
THE ADMINISTRATOR AND MAY CONSIST OF STRUC
TURAL ANALYSES, LOAD TESTS, FLIGHT TESTS, REFER
ENCES TO PREVIOUSLY APPROVED STRUCTURES, OR 
COMBINATIONS OF THE ABOVE. ANY CONDITION 
WHICH CAN BE SHOWN TO BE NONCRITICAL NEED 
NOT BE FURTHER INVESTIGATED. 

4A.228 Proof of structural analysis. 
(A) STRUCTURAL ANALYSES WILL BE ACCEPTED 

AS COMPLETE PROOF OF STRENGTH ONLY IN THE 
CASE OF STRUCTURAL ARRANGEMENTS FOR WHICH 
EXPERIENCE HAS SHOWN SUCH ANALYSES TO BE 
RELIABLE. REFERENCES SHALL BE GIVEN FOR ALL 
METHODS OF ANALYSIS, FORMULAS, THEORIES, AND 
MATERIAL PROPERTIES WHICH ARE NOT GENERALLY 
ACCEPTED AS STANDARD. THE ACCEPTABILITY OF 
A STRUCTURAL ANALYSIS WILL DEPEND TO SOME EX
TENT ON THE EXCESS STRENGTH INCORPORATED IN 
THE STRUCTURE. 

(B) THE STRUCTURAL ANALYSIS SHALL BE BASED 
ON GUARANTEED MINIMUM MECHANICAL PROPER
TIES OF THE MATERIALS SPECIFIED ON THE DRAW

INGS, EXCEPT IN CASES WHERE EXACT MECHAN
ICAL PROPERTIES OF THE MATERIALS USED ARE 
DETERMINED. 

(C) THE EFFECTS OF WELDING, FORM FACTORS, 
STRESS CONCENTRATIONS, DISCONTINUITIES, CUT
OUTS, INSTABILITY, END FIXITY OF COLUMNS AND 
VIBRATION SHALL BE ACCOUNTED FOR WHEN SUCH 
FACTORS ARE PRESENT TO SUCH AN EXTENT AS TO 
INFLUENCE THE STRENGTH OF THE STRUCTURE. 

4A.229 Combined structural analysis and 
tests. IN CERTAIN CASES IT WILL BE SATISFAC
TORY TO COMBINE STRUCTURAL ANALYSIS PROCE
DURE WITH THE RESULTS OF LOAD TESTS OF 
PORTIONS OF THE STRUCTURE NOT SUBJECT TO AC
CURATE ANALYSIS. IN SUCH CASES TEST RESULTS 
SHALL BE REDUCED TO CORRESPOND TO THE ME
CHANICAL PROPERTIES OF THE MATERIALS ACTUALLY 
USED IN THE AIRPLANE. WHEN A UNIT OTHER 
THAN THE SPECIFIC ONE TESTED IS INCORPORATED 
IN THE AIRPLANE PRESENTED FOR CERTIFICATION, 
TEST RESULTS SHALL BE REDUCED TO CORRESPOND 
TO THE MINIMUM GUARANTEED MECHANICAL 
PROPERTIES OF THE MATERIALS SPECIFIED ON THE 
DRAWINGS. 
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Wings 
4a.237 Proof of wings. The strength of 

stressed-skin wings shall be substantiated by 
load tests (sec. 4a.230) or by combined struc
tural analysis and tests (sec. 4a.229). The 
torsional rigidity o f the wings shall be with
in a range of values satisfactory for the pre
vention of flutter. Compliance with such 
torsional rigidity requirement shall be dem
onstrated by static tests or other methods 
acceptable to the Administrator. 

4a.238 Redundancies. Wing cellules in 
which the division o f loading between lift 
trusses and drag trusses is indeterminate 
shall be analyzed either by an acceptable 
method for indeterminate structures or by 
making assumptions which result in conserv
ative design loads for all members. 

Beams 

4a.239 Beams. The points set forth in 
sections 4a.240-4a.246 shall be covered in the 
proof of strength of wing beams, in addition 
to any special types of possible failure pe
culiar to the structure. 

4a.240 Secondary bending. When axial 
loads are present the required minimum ul
timate factor of safety shall be introduced 
before the computation of the bending mo
ments in order to insure that the required 
ultimate loads can be supported by the 
structure. 

4a.241 Lateral buckling. The ability of 
beams to resist lateral buckling shall be 
proved. 

4a.242 Webs. The strength of shear webs 
shall be proved. 

4a.243 Axial load. When axial load is 
present tests are required to determine the 
effective "EI" in the case o f truss-type beams 
and beams having unconventional web con
struction. 

4a.244 Joint slippage in wood beams. 
When a joint in a wood beam is designed to 
transmit bending from one section of the 
beam to another or to the fuselage, the 
stresses in each part of the structure shall 
be calculated on the assumption that the 

4a.230 Load tests. Proof of compliance 
with structural loading requirements by 
means of load tests only is acceptable: Pro
vided, That strength and proof tests (see 
sec. 4a.43 (h) and ( i ) ) are conducted to dem
onstrate compliance with sections 4a.61, 
ia.62, respectively: And further provided, 
That the following paragraphs of this sec
tion are complied with: 

(a ) The tests shall be supplemented by 
special tests or analyses to prove compliance 
with multiplying factor of safety require
ments. (See sees. 4a.207-4a.216.) 

(b ) When a unit other than the specific 
one tested is incorporated in the airplane 
presented for certification, the results of 
strength tests shall be reduced to corre
spond to the minimum guaranteed mechani
cal properties of the materials specified on 
the drawings, unless test loads are carried 
at least 15 percent beyond the required 
values. 

( c ) The determination of test loads, the 
apparatus used, and the methods of conduct
ing the tests shall be satisfactory to the 
Administrator. 

( d ) The tests shall be conducted in the 
presence of a representative of the Adminis
trator unless otherwise directed by the 
Administrator. 

4a.231 Flight load tests. Proof of 
strength by means of flight load tests will 
not be accepted unless the necessity there
for is established and the test methods are 
proved suitable to the satisfaction o f the 
Administrator. 

4a.232 Load tests required. The follow
ing load tests are required in all cases and 
shall be made in the presence of a repre
sentative of the Administrator unless other
wise directed by the Administrator. 

(a) Strength tests o f wing ribs. (See sec. 
4a.248.) 

(b) Pressure tests of fuel and oil tanks. 
(See sec. 4a.608.) 

( c ) Proof tests o f tail and control sur
faces. (See sees. 4a.263, 4a.264.) 

(d) Proof and operating tests of control 
systems. (See sees. 4a.269, 4a.271.) 

http://4a.240-4a.246
http://4a.207-4a.216
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LOWER WING SURFACES UNLESS A MORE SEVERE 
DISTRIBUTION IS USED. 

4A.250 Ailerons and high-lift devices. THE 
EFFECTS OF AILERONS AND HIGH-LIFT DEVICES SHALL 
BE PROPERLY ACCOUNTED FOR. 

4AJ251 Rib tests. RIB TESTS SHALL SIMULATE 
CONDITIONS IN THE AIRPLANE WITH RESPECT TO 
TORSIONAL RIGIDITY OF SPARS, FIXITY CONDITIONS, 
LATERAL SUPPORT, AND ATTACHMENT TO SPARS. 

Covering 
4A.252 Covering. PROOF OF STRENGTH OF 

FABRIC COVERING IS NOT REQUIRED WHEN STAND
ARD GRADES OF CLOTH AND METHODS OF ATTACH
ING AND DOPING ARE EMPLOYED: Provided, 
however, THAT THE ADMINISTRATOR MAY RE
QUIRE SPECIAL TESTS WHEN IT APPEARS NECESSARY 
TO ACCOUNT FOR THE EFFECTS OF UNUSUALLY HIGH 
DESIGN AIR SPEEDS OR SLIP-STREAM VELOCITIES, OR 
SIMILAR FACTORS. WHEN METAL COVERING IS 
EMPLOYED ITS ABILITY TO PERFORM ITS STRUCTURAL 
FUNCTION SHALL BE DEMONSTRATED BY TESTS OF 
TYPICAL PANELS OR BY OTHER MEANS ACCEPTABLE 
TO THE ADMINISTRATOR. IN PARTICULAR, COM
PLIANCE WITH SECTION 4A.62 REQUIRES DEMON
STRATION OF THE BEHAVIOR OF THE COVERING 
UNDER LOAD IN ORDER TO DETERMINE THE EFFECTS 
OF TEMPORARY DEFORMATIONS (WRINKLES). 

NONPARALLEL WIRES 
4A.253 Nonparallel wires. WHEN TWO OR 

MORE WIRES ARE ATTACHED TO A COMMON POINT 
ON THE WING, BUT ARE NOT PARALLEL, PROPER AL
LOWANCE FOR REDUNDANCIES AND THE EFFECTS OF 
RIGGING SHALL BE MADE. 

TAIL AND CONTROL SURFACES 
4A.263 Proof of tail and control surfaces. 

STRUCTURAL ANALYSES OF TAIL AND CONTROL SUR
FACES WILL BE ACCEPTED AS COMPLETE PROOF OF 
COMPLIANCE WITH ULTIMATE LOAD REQUIREMENTS 
ONLY WHEN THE STRUCTURE CONFORMS WITH CON
VENTIONAL TYPES FOR WHICH RELIABLE ANALYTICAL 
METHODS ARE AVAILABLE. PROOF TESTS AS DE
FINED IN SECTION 4A.43(I) ARE REQUIRED TO PROVE 
COMPLIANCE WITH YIELD LOAD REQUIREMENTS. 

(A) CONTROL SURFACE TESTS SHALL INCLUDE THE 
HORN OR FITTING TO WHICH THE CONTROL SYSTEM IS 
ATTACHED. 

(B) IN THE ANALYSIS OF CONTROL SURFACES 
PROPER ALLOWANCE SHALL BE MADE FOR RIGGING 

JOINT IS 100 PERCENT EFFICIENT (EXCEPT IN MID-
BAY FOR WHICH SEE SEC. 4A.334) AND ALSO UNDER 
THE ASSUMPTION THAT THE BENDING MOMENT 
TRANSMITTED BY THE JOINT IS 75 PERCENT OF 
THAT OBTAINED UNDER THE ASSUMPTION OF PER
FECT CONTINUITY. EACH PART OF THE STRUCTURE 
SHALL BE DESIGNED TO CARRY THE MOST SEVERE 
LOADS DETERMINED FROM THE ABOVE ASSUMP
TIONS. 

4A.245. Bolt holes. IN COMPUTING THE 
AREA, MOMENT OF INERTIA, etc., OF wood BEAMS 
PIERCED BY BOLTS, THE DIAMETER OF THE BOLT 
HOLE SHALL BE ASSUMED TO BE ONE-SIXTEENTH 
INCH GREATER THAN THE DIAMETER OF THE BOLT. 

4A.246 Box beams. IN COMPUTING THE 
ABILITY OF BOX BEAMS TO RESIST BENDING LOADS 
ONLY THAT PORTION OF THE WEB WITH ITS GRAIN 
PARALLEL TO THE BEAM AXIS AND ONE-HALF OF 
THAT PORTION OF THE WEB WITH ITS GRAIN AT AN 
ANGLE OF 45 DEGREES TO THE BEAM SHALL BE CON
SIDERED. THE MORE CONSERVATIVE METHOD OF 
NEGLECTING THE WEB ENTIRELY MAY BE EM
PLOYED. 

DRAG TRUSSES 

4A.247 Drag trusses. DRAG STRUTS SHALL 
BE ASSUMED TO HAVE AN END FIXITY COEFFICIENT 
OF 1.0 EXCEPT IN CASES OF UNUSUALLY RIGID RE
STRAINT, IN WHICH A COEFFICIENT OF 1.5 MAY BE 
USED. 

RIBS 

4A.248 Ribs. THE STRENGTH OF RIBS SHALL 
BE PROVED BY TESTS TO AT LEAST 125 PERCENT OF 
THE ULTIMATE LOADS FOR THE MOST SEVERE LOAD
ING CONDITIONS, EXCEPT THAT CONSIDERATION WILL 
BE GIVEN TO STRUCTURAL ANALYSES IN CONJUNC
TION WITH SUITABLE SPECIMEN TEST DATA WHEN 
IT CAN BE DEMONSTRATED TO THE SATISFACTION OF 
THE ADMINISTRATOR THAT IT IS IMPRACTICAL TO 
SIMULATE THE ACTUAL LOADING CONDITIONS IN A 
STATIC TEST. SUCH ANALYSES SHALL, ON THE BASIS 
OF GUARANTEED MINIMUM MATERIAL PROPERTIES, 
SHOW PROOF OF STRENGTH AT 125 PERCENT OF THE 
REQUIRED ULTIMATE LOADS. THE FOLLOWING 
POINTS SHALL ALSO APPLY IN PROVING THE 
STRENGTH OF RIBS. 

4A.249 Load distribution. THE LOAD SHALL 
BE SUITABLY DISTRIBUTED BETWEEN UPPER AND 
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LOADS IN BRACE WIRES IN CASES WHERE THE COUN
TER WIRES DO NOT GO SLACK BEFORE THE ULTIMATE 
LOAD IS REACHED. 

(C) ANALYSES OR INDIVIDUAL LOAD TESTS SHALL 
BE CONDUCTED TO DEMONSTRATE COMPLIANCE 
WITH THE MULTIPLYING FACTOR OF SAFETY RE
QUIREMENTS OUTLINED IN SECTIONS 4A.207-4A.216 
FOR CONTROL SURFACE HINGES AND BRACE WIRES. 

4A.264 Vibration tests. THE NATURAL FRE
QUENCIES OF VIBRATION OF THE WINGS, FUSELAGE, 
AND CONTROL SURFACES SHALL BE WITHIN SUCH 
RANGES OF VALUES AS ARE SATISFACTORY FOR THE 
PREVENTION OF FLUTTER. COMPLIANCE WITH THIS 
REQUIREMENT SHALL BE DEMONSTRATED BY VI
BRATION TESTS OR OTHER METHODS ACCEPTABLE TO 
THE ADMINISTRATOR. 

Control Systems 
4A.269 Proof of control systems. STRUC

TURAL ANALYSES OF CONTROL SYSTEMS WILL BE AC
CEPTED AS COMPLETE PROOF OF COMPLIANCE WITH 
ULTIMATE LOAD REQUIREMENTS ONLY WHEN THE 
STRUCTURE CONFORMS WITH CONVENTIONAL TYPES 
FOR WHICH RELIABLE ANALYTICAL METHODS ARE 
AVAILABLE. PROOF TESTS AS DEFINED IN SECTION 
4A.43 (I) ARE REQUIRED TO PROVE COMPLIANCE 
WITH YIELD LOAD REQUIREMENTS. 

4A.270 Control system tests. IN CONTROL 
SYSTEM TESTS, THE DIRECTION OF TEST LOADS SHALL 
BE SUCH AS TO PRODUCE THE MOST SEVERE LOAD
ING OF THE CONTROL SYSTEM STRUCTURE. THE 
TESTS SHALL INCLUDE ALL FITTINGS, PULLEYS, AND 
BRACKETS USED TO ATTACH THE CONTROL SYSTEM 
TO THE PRIMARY STRUCTURE. 

4A.271 Operation test. AN OPERATION TEST 
SHALL BE CONDUCTED BY OPERATING THE CONTROLS 
FROM THE PILOT'S COMPARTMENT WITH THE EN
TIRE SYSTEM SO LOADED AS TO CORRESPOND TO 
THE MINIMUM LIMIT CONTROL FORCE SPECIFIED IN 
ITEM 3 OF TABLE 4A-6 FOR THE CONTROL SYSTEM 
IN QUESTION. IN THIS TEST THERE SHALL BE NO 
JAMMING, EXCESSIVE FRICTION, OR EXCESSIVE 
DEFLECTION. 

4A.272 Control system joints. ANALYSES 
OR INDIVIDUAL LOAD TESTS SHALL BE CONDUCTED 
TO DEMONSTRATE COMPLIANCE WITH THE MULTI
PLYING FACTOR OF SAFETY REQUIREMENTS SPECI
FIED IN SECTIONS 4A.207 THROUGH 4A.216 FOR 
CONTROL SYSTEM JOINTS SUBJECTED TO ANGULAR 
MOTION. 

LANDING GEAR 

4A.277 Proof of landing gear. STRUCTURAL 
ANALYSES OF LANDING GEAR WILL BE ACCEPTED 
AS COMPLETE PROOF OF COMPLIANCE WITH LOAD 
REQUIREMENTS ONLY WHEN THE STRUCTURE CON
FORMS WITH CONVENTIONAL TYPES FOR WHICH RE
LIABLE ANALYTICAL METHODS ARE AVAILABLE. 
ANALYSES MAY BE USED TO DEMONSTRATE COM
PLIANCE WITH THE ENERGY ABSORPTION REQUIRE
MENTS IN CERTAIN CASES. WHEN SUCH ANAL
YSES ARE NOT APPLICABLE, DYNAMIC TESTS SHALL 
BE CONDUCTED TO DEMONSTRATE COMPLIANCE 
WITH ENERGY ABSORPTION REQUIREMENTS. 

4A.278 Energy absorption tests. WHEN 
TESTS FOR ENERGY ABSORPTION ARE REQUIRED 
THEY SHALL BE SO CONDUCTED AS TO SIMULATE 
THE LANDING CONDITIONS FOR WHICH ENERGY AB
SORPTION REQUIREMENTS ARE SPECIFIED IN SECTION 
4A.475, AND TEST DATA SHALL BE OBTAINED FROM 
WHICH THE MAXIMUM ACCELERATION DEVE'OPED 
AT THE CENTER OF GRAVITY OF THE AIRPLANE CAN 
BE DETERMINED. WHEN DROP TESTS OF WHEELS, 
TIRES, AND SHOCK ABSORBERS ARE CONDUCTED IN 
A COMBINATION DIFFERING FROM THAT EMPLOYED 
ON THE AIRPLANE, PROPER ALLOWANCE AND COR
RECTIONS SHALL BE MADE FOR THE ERRORS THUS 
INTRODUCED. 

HULLS AND FLOATS 

4A.283 Proof of hulls and floats. STRUC
TURAL ANALYSES OF HULLS AND AUXILIARY FLOATS 
WILL BE ACCEPTED AS COMPLETE PROOF OF COM
PLIANCE WITH LOAD REQUIREMENTS ONLY WHEN 
THE STRUCTURE CONFORMS WITH CONVENTIONAL 
TYPES FOR WHICH RELIABLE ANALYTICAL METHODS 
ARE AVAILABLE. THE STRENGTH OF THE STRUC
TURE AS A WHOLE AND ITS ABILITY TO DISTRIBUTE 
WATER LOADS FROM THE BOTTOM PLATING INTO 
THE MAIN STRUCTURAL MEMBERS SHALL BE DEM
ONSTRATED. SEE PART 15 OF THIS SUBCHAPTER 
FOR THE REQUIREMENTS FOR MAIN FLOATS. 

FUSELAGES AND ENGINE MOUNTS 

4A.289 Proof of fuselages and engine 
mounts. STRUCTURAL ANALYSES OF FUSELAGES 
AND ENGINE MOUNTS WILL BE ACCEPTED AS COM
PLETE PROOF OF COMPLIANCE WITH LOAD REQUIRE
MENTS ONLY WHEN THE STRUCTURE CONFORMS WITH 
CONVENTIONAL TYPES FOR WHICH RELIABLE ANA
LYTICAL METHODS ARE AVAILABLE. 

http://4a.207-4a.216
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4a.290 Critical column loads. The end 
fixity coefficient used in determining criti
cal column loads shall in no case exceed 2.0. 
A value o f 1.0 shall be used for all members 
in the engine mount. In doubtful cases, 
tests are required to substantiate the degree 
of restraint assumed. 

4a.291 Baggage compartments. The abil
ity of baggage compartments to sustain the 
maximum authorized baggage loads under 
all required flight and landing conditions 
shall be demonstrated. 

Fittings and Parts 

4a.297 Proof of fittings and parts. Proof 
of strength of all fittings and joints of the 
primary structure is required. Where ap
plicable, structural analysis methods may be 
used. When such methods are inadequate, a 

load test is required. Compliance with the 
multiplying factor of safety requirements 
for fittings (sees. 4a.207-4a.216) shall be dem
onstrated. 

4a.298 Fittings and attaching members. 
Since the system of forces which designs a 
fitting does not necessarily include the forces 
which design the attaching members, all the 
forces acting in all the specified conditions 
shall be considered for every fitting. The 
strength of each part of a built-up fitting 
shall be investigated and proper allowance 
shall be made for the effects of eccentric 
loading when initially present or when in
troduced by deflection of the structure under 
load. 

4a.299 Bolts. The allowable bearing load 
assumed for the threaded portion of a bolt 
shall not exceed 25 percent of the rated shear 
strength of the bolt. 

Subpart E—Detail Design and Construction 

4a.301 General. The primary structure 
and all mechanisms essential to the safe op
eration of the airplane shall not incorporate 
design details which experience has shown 
to be unreliable or otherwise unsatisfactory. 
The suitability of all design details shall be 
established to the satisfaction of the Admin
istrator. Certain design features which have 
been found to be essential to the airworthi
ness of an airplane are specified in this sub
part and shall be observed. 

Materials, W o r k m a n s h i p , and 
Fabricat ion Methods 

4a.302 Materials and workmanship. The 
primary structure shall be made from ma
terials which experience or conclusive tests 
have proved to be uniform in quality and 
strength and to be otherwise suitable for air
plane construction. Workmanship shall be 
of sufficiently high grade as to insure proper 
continued functioning of all parts. 

4a.303 Fabrication methods. The meth
ods of fabrication employed in constructing 
the primary structure shall be such as to 
produce a uniformly sound structure which 
shall also be reliable with respect to main

tenance of the original strength under rea
sonable service conditions. 

4a.304 Gluing. Gluing may be used ex
cept in cases where inferior joints might 
result or where proper protection from mois
ture cannot be shown. 

4a.305 Torch welding. Torch welding of 
primary structural parts may be used only 
for ferrous materials and for such other ma
terials shown to be suitable therefor. 

4a.306 Electric welding. Electric arc, 
spot, or seam welding may be used in the 
primary structure when specifically ap
proved by the Administrator for the appli
cation involved. Requests for approval of 
the use of electric welding shall be accom
panied by information as to the extent to 
which such welding is to be used, drawings 
of the parts involved, apparatus employed, 
general methods of control and inspection, 
and references to test data substantiating 
the strength and suitability of the welds 
obtained. 

4a.307 Brazing and soldering. The use of 
brazing and soldering in joining parts of the 
primary structure is prohibited except that 
brazing may be used in special cases when 
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THE SUITABILITY OF THE METHOD AND APPLICATION 
CAN BE DEFINITELY ESTABLISHED TO THE SATISFAC
TION OF THE ADMINISTRATOR. 

4A.308 Protection. ALL MEMBERS OF THE 
PRIMARY STRUCTURE SHALL BE SUITABLY PROTECTED 
AGAINST DETERIORATION OR LOSS OF STRENGTH IN 
SERVICE DUE TO CORROSION, ABRASION, VIBRATION, 
OR OTHER CAUSES. THIS APPLIES PARTICULARLY 
TO DESIGN DETAILS AND SMALL PARTS. IN SEA
PLANES SPECIAL PRECAUTIONS SHALL BE TAKEN 
AGAINST CORROSION FROM SALT WATER, PARTICU
LARLY WHERE PARTS MADE FROM DIFFERENT METALS 
ARE IN CLOSE PROXIMITY. ALL EXPOSED WOOD 
STRUCTURAL MEMBERS SHALL BE GIVEN AT LEAST 
TWO PROTECTIVE COATINGS OF VARNISH OR AP
PROVED EQUIVALENT. BUILT-UP BOX SPARS AND 
SIMILAR STRUCTURES SHALL BE PROTECTED ON THE 
INTERIOR BY AT LEAST ONE COAT OF VARNISH OR 
APPROVED EQUIVALENT AND ADEQUATE PROVISIONS 
FOR DRAINAGE SHALL BE MADE. DUE CARE SHALL 
BE TAKEN TO PREVENT COATING OF THE GLUING 
SURFACES. 

4A.309 Inspection. INSPECTION OPENINGS OF 
ADEQUATE SIZE SHALL BE PROVIDED FOR SUCH VITAL 
PARTS OF THE AIRCRAFT AS REQUIRE PERIODIC 
INSPECTION. 

Joints, Fittings, and Connecting Parts 

4A.312 Joints, fittings, and connecting 
parts. IN EACH JOINT OF THE PRIMARY STRUC
TURE THE DESIGN DETAILS SHALL BE SUCH AS TO 
MINIMIZE THE POSSIBILITY OF LOOSENING OF THE 
JOINT IN SERVICE, PROGRESSIVE FAILURE DUE TO 
STRESS CONCENTRATION, AND DAMAGE CAUSED 
BY NORMAL SERVICING AND FIELD OPERATIONS. 

Cross Reference: For multiplying factors of safety 
required, see sec. 4a.208. 

4A.313 Bolts, pins, and screws. ALL BOLTS 
AND SCREWS IN THE STRUCTURE SHALL BE OF UNI
FORM MATERIAL OF HIGH QUALITY AND OF FIRST-
CLASS WORKMANSHIP. MACHINE SCREWS SHALL 
NOT BE USED IN THE PRIMARY STRUCTURE UNLESS 
SPECIFICALLY APPROVED FOR SUCH USE BY THE 
ADMINISTRATOR. THE USE OF AN APPROVED 
LOCKING DEVICE OR METHOD IS REQUIRED FOR ALL 
BOLTS, PINS, AND SCREWS. 

4A.314 Wood screws. THE USE OF WOOD 
SCREWS IN THE PRIMARY STRUCTURE IS PROHIBITED 
EXCEPT IN SPECIAL CASES WHEN THE SUITABILITY OF 

THE PARTICULAR APPLICATION IS PROVED TO THE 
SATISFACTION OF THE ADMINISTRATOR. 

4A.315 Byebolts. SPECIAL EYEBOLTS AND 
SIMILAR BOLTS SHALL HAVE A FILLET BETWEEN THE 
HEAD AND THE SHANK OF AT LEAST ONE-FOURTH 
THE DIAMETER OF THE BOLT WHEN USED IN CONTROL 
SURFACES OR AT OTHER LOCATIONS WHERE THEY 
MIGHT BE SUBJECTED TO BENDING OR VIBRATION. 

4A.316 Castings. CASTINGS USED IN THE 
PRIMARY STRUCTURE SHALL INCORPORATE THE 
MULTIPLYING FACTOR OF SAFETY SPECIFIED IN SEC
TION 4A.209 AND SHALL BE OF SUCH MATERIAL AND 
DESIGN AS TO INSURE THE MAXIMUM DEGREE OF 
RELIABILITY AND FREEDOM FROM DEFECTS. THE 
ADMINISTRATOR HAS THE RIGHT TO PROHIBIT THE 
USE OF CASTINGS WHERE SUCH USE IS DEEMED TO 
BE UNAIRWORTHY. 

Tie-Rods and Wires 

4A.319 Tie-rods and wires. THE MINIMUM 
SIZE OF TIE-ROD WHICH MAY BE USED IN PRIMARY 
STRUCTURE IS NO. 6-40. THE CORRESPONDING 
MINIMUM ALLOWABLE SIZE OF SINGLE-STRAND 
HARD WIRE IS NO. 13 (0.072-INCH DIAMETER). 

4A.320 Wire terminals. THE ASSUMED 
TERMINAL EFFICIENCY OF SINGLE-STRAND HARD 
WIRE SHALL NOT BE GREATER THAN 85 PERCENT. 

4A.321 Wire anchorages. A FITTING AT
TACHED TO A WIRE OR CABLE UP TO AND INCLUD
ING THE 3,400-POUND SIZE SHALL HAVE AT LEAST 
THE RATED STRENGTH OF THE WIRE OR CABLE, AND 
THE MULTIPLYING FACTOR OF SAFETY FOR FITTING 
(SEC. 4A.208) IS NOT REQUIRED IN SUCH CASES. 
IN THE CASE OF FITTINGS TO WHICH SEVERAL TIE-
RODS OR WIRES ARE ATTACHED, THIS REQUIREMENT 
APPLIES SEPARATELY TO EACH PORTION OF THE FIT
TING TO WHICH A TIE-ROD OR WIRE IS ATTACHED, 
BUT DOES NOT REQUIRE SIMULTANEOUS APPLICA
TION OF RATED WIRE LOADS. THE END CONNEC
TIONS OF BRACE WIRES SHALL BE SUCH AS TO MINI
MIZE RESTRAINT AGAINST BENDING OR VIBRATION. 

4A.322 Counter wire sizes. (SEE ALSO SEES. 
4A.211, 4AJ212). IN A WIRE-BRACED STRUCTURE 
THE WIRE SIZES SHALL BE SUCH THAT ANY WIRE 
CAN BE RIGGED TO AT LEAST 10 PERCENT OF ITS 
RATED STRENGTH WITHOUT CAUSING ANY OTHER 
WIRE TO BE LOADED TO MORE THAN 20 PERCENT 
OF ITS RATED STRENGTH. AS USED HERE "RATED 
STRENGTH" REFERS TO THE WIRE PROPER, NOT THE 
TERMINAL. 
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FLUTTER PREVENTION 

4A.326 General flutter prevention meas
ures. WHEN HE DEEMS IT NECESSARY IN THE 
INTEREST OF SAFETY, THE ADMINISTRATOR MAY 
REQUIRE SPECIAL PROVISIONS AGAINST FLUTTER. 
FOR SPECIFIC REQUIREMENTS SEE SEES. 4A.264, 
4A-336, 4A.449, 4A.450, 4A.451, 4A.452, 4A.465, 
4A.466 AND 4A.680. 

DETAIL DESIGN OF WINGS 

4A.329 External bracing. WHEN STREAM
LINE WIRES ARE USED FOR EXTERNAL LIFT BRACING 
THEY SHALL BE DOUBLE UNLESS THE DESIGN COM
PLIES WITH THE LIFT-WIRE-CUT CONDITION SPECI
FIED IN SECTION 4A.95. (SEE ALSO SEC. 4A.210.) 

4A.330 Wire-braced monoplanes. IF MON
OPLANE WINGS ARE EXTERNALLY BRACED BY WIRES 
ONLY, THE RIGHT AND LEFT SIDES OF THE BRACING 
SHALL BE INDEPENDENT OF EACH OTHER SO THAT AN 
UNSYMMETRICAL LOAD FROM ONE SIDE WILL NOT BE 
CARRIED THROUGH THE OPPOSITE WIRES BEFORE 
BEING COUNTERACTED, UNLESS THE DESIGN COM
PLIES WITH THE FOLLOWING CONDITIONS: 

(A) THE MINIMUM TRUE ANGLE BETWEEN 
ANY EXTERNAL BRACE WIRE AND A SPAR IS 14 
DEGREES. 

(B) THE COUNTER (LANDING) WIRES ARE DE
SIGNED TO REMAIN IN TENSION AT LEAST UP TO 
THE LIMIT LOAD. 

(C) THE LANDING AND FLYING WIRES ARE 
DOUBLE. 

4A.331 Lift trusses. MULTIPLE-STRAND CA
BLE SHALL NOT BE USED IN LIFT TRUSSES. 

LA.332 Jury struts. WHEN CLAMPS ARE 
USED FOR ATTACHMENT OF JURY STRUTS TO LIFT 
STRUTS, THE DESIGN SHALL BE SUCH AS TO PREVENT 
MISALIGNMENT OR LOCAL CRUSHING OF THE LIFT 
STRUT. 

4A.333 Wing beams. PROVISIONS SHALL BE 
MADE TO REINFORCE WING BEAMS AGAINST TOR
SIONAL FAILURE, ESPECIALLY AT THE POINT OF AT
TACHMENT OF LIFT STRUTS, BRACE WIRES, AND 
AILERON HINGE BRACKETS. 

4A.334 Wing beam joints. JOINTS IN METAL 
BEAMS (EXCEPT PINNED JOINTS) AND JOINTS IN 
MID-BAYS OF WOOD BEAMS SHALL MAINTAIN 100 
PERCENT EFFICIENCY OF THE BEAM WITH RESPECT 
to BENDING, SHEAR, AND TORSION. 

4A.335 Drag truss. 
(A) FABRIC-COVERED WING STRUCTURES HAV

ING A CANTILEVER LENGTH OF OVERHANG SUCH 
THAT THE RATIO OF SPAN OF OVERHANG TO CHORD 
AT ROOT OF OVERHANG IS GREATER THAN 1.75 SHALL 
HAVE A DOUBLE SYSTEM OF INTERNAL DRAG TRUSS
ING SPACED AS FAR APART AS POSSIBLE, OR OTHER 
MEANS OF PROVIDING EQUIVALENT TORSIONAL STIFF
NESS. IN THE FORMER CASE COUNTER WIRES SHALL 
BE OF THE SAME SIZE AS THE DRAG WIRES. (SEE 
ALSO SEC. 4A.212.) 

(B) MULTIPLE-STRAND CABLE SHALL NOT BE 
USED IN DRAG TRUSSES UNLESS SUCH USE IS SUB
STANTIATED TO THE SATISFACTION OF THE ADMIN
ISTRATOR. 

4A.336 Aileron and flap attachments. 
AILERON AND FLAP ATTACHMENT RIBS OR BRACKETS 
SHALL BE RIGIDLY CONSTRUCTED AND FIRMLY AT
TACHED TO THE MAIN WING STRUCTURE IN ORDER 
TO REDUCE WING FLUTTER TENDENCIES. 

4A.337 Internally-braced biplanes. INTER
NALLY BRACED BIPLANES SHALL BE PROVIDED WITH 
N OR I STRUTS TO EQUALIZE DEFLECTIONS, AND THE 
EFFECT OF SUCH STRUTS SHALL BE CONSIDERED IN 
THE STRESS ANALYSIS. 

4A.338 Fabric covering. FABRIC COVERING 
SHALL COMPLY WITH THE REQUIREMENTS OF SEC
TION 4A.302 AND SHALL BE ATTACHED IN A MAN
NER WHICH WILL DEVELOP THE NECESSARY 
STRENGTH, WITH DUE CONSIDERATION FOR SLIP
STREAM EFFECTS. (SEE SEC. 4A.252.) 

4A.339 Metal-covered wings. THE DETAIL 
DESIGN OF SUCH WINGS SHALL INCORPORATE SUIT
ABLE PROVISION AGAINST BUCKLING OR WRINKLING 
OF METAL COVERING AS SPECIFIED IN SECTIONS 
4A.62, 4A.252. 

DETAIL DESIGN OF TAIL AND CONTROL 
SURFACES 

4A.445 Installation. MOVABLE TAIL SUR
FACES SHALL BE SO INSTALLED THAT THERE IS NO 
INTERFERENCE BETWEEN THE SURFACES OR THEIR 
BRACING WHEN ANY ONE IS HELD IN ITS EXTREME 
POSITION AND ANY OTHER IS OPERATED THROUGH 
ITS FULL ANGULAR MOVEMENT. 

4A.446 Stops. WHEN AN ADJUSTABLE STA
BILIZER IS USED, STOPS SHALL BE PROVIDED AT THE 
STABILIZER TO LIMIT ITS MOVEMENT, IN THE EVENT 
OF FAILURE OF THE ADJUSTING MECHANISM, TO A 
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RANGE EQUAL TO THE MAXIMUM REQUIRED TO BAL
ANCE THE AIRPLANE. 

4A.447 Elevator trailing edge tab systems. 
ELEVATOR TRAILING EDGE TAB SYSTEMS SHALL BE 
EQUIPPED WITH STOPS WHICH LIMIT THE TAB 
TRAVEL TO VALUES NOT IN EXCESS OF THOSE PRO
VIDED FOR IN THE STRUCTURAL REPORT. THIS 
RANGE OF TAB MOVEMENT SHALL BE SUFFICIENT TO 
BALANCE THE AIRPLANE UNDER THE CONDITIONS 
SPECIFIED IN SECTION 4A.677. 

4A.448 Hinges. 
(A) HINGES OF THE STRAP TYPE BEARING DI

RECTLY ON TORQUE TUBES ARE PERMISSIBLE ONLY 
IN THE CASE OF STEEL TORQUE TUBES WHICH HAVE 
A MULTIPLYING FACTOR OF SAFETY AS SPECIFIED 
IN SECTION 4A.213. IN OTHER CASES SLEEVES OF 
SUITABLE MATERIAL SHALL BE PROVIDED FOR BEAR
ING SURFACES. 

(B) CLEVIS PINS MAY BE USED AS HINGE PINS 
PROVIDED THAT THEY ARE MADE OF MATERIAL CON
FORMING WITH, OR THE EQUIVALENT OF, S A E 
SPECIFICATION 2330. 

4A.449 Elevators. WHEN SEPARATE ELEVA
TORS ARE USED THEY SHALL BE RIGIDLY INTER
CONNECTED. 

4A.450 Dynamic and static balance. ALL 
CONTROL SURFACES SHALL BE DYNAMICALLY AND 
STATICALLY BALANCED TO THE DEGREE NECESSARY 
TO PREVENT FLUTTER AT ALL SPEEDS UP TO THE 
DESIGN GLIDING SPEED. 

4A.451 Wing Haps. FLAPS SHALL BE SO IN
STALLED AS NOT TO INDUCE FLUTTER OR APPRECIABLE 
BUFFETING. 

4A.452 Tabs. THE INSTALLATION OF TRIM AND 
BALANCING TABS SHALL BE SUCH AS TO PREVENT THE 
DEVELOPMENT OF ANY FREE MOTION OF THE TAB. 
WHEN TRAILING EDGE TABS ARE USED TO ASSIST IN 
MOVING THE MAIN SURFACE (BALANCING TABS), 
THE AREAS AND RELATIVE MOVEMENTS SHALL BE SO 
PROPORTIONED THAT THE MAIN SURFACE IS NOT 
OVERBALANCED AT ANY TIME. 

DETAIL DESIGN OF CONTROL SYSTEMS 

4A.459 Installation. ALL CONTROL SYSTEMS 
AND OPERATING DEVICES SHALL BE SO DESIGNED 
AND INSTALLED AS TO PROVIDE REASONABLE EASE 
OF OPERATION BY THE CREW AND SO AS TO PRECLUDE 
THE PROBABILITY OF INADVERTENT OPERATION, 
JAMMING, CHAFING, INTERFERENCE BY CARGO, PAS
SENGERS, OR LOOSE OBJECTS, AND THE SLAPPING 

OF CABLES AGAINST PARTS OF THE AIRPLANE. ALL 
PULLEYS SHALL BE PROVIDED WITH SATISFACTORY 
GUARDS. 

4A.460 Stops. ALL CONTROL SYSTEMS SHALL 
BE PROVIDED WITH STOPS WHICH POSITIVELY LIMIT 
THE RANGE OF MOTION OF THE CONTROL SURFACES. 
STOPS SHALL BE CAPABLE OF WITHSTANDING THE 
LOADS CORRESPONDING TO THE DESIGN CONDITIONS 
FOR THE CONTROL SYSTEM. 

4A.461 Joints. BOLTS WITH CASTELLATED NUTS 
SAFETIED WITH COTTER PINS OR WITH AN APPROVED 
TYPE OF SELF-LOCKING NUT SHALL BE USED 
THROUGHOUT THE CONTROL SYSTEM, EXCEPT THAT 
THE USE OF CLEVIS PINS IN STANDARD CABLE ENDS, 
THIMBLES, AND SHACKLES IS SATISFACTORY FOR 
LIGHT AIRPLANES. 

4A.462 Welds. WELDS SHALL NOT BE EM
PLOYED IN CONTROL SYSTEMS TO CARRY TENSION 
WITHOUT REINFORCEMENT FROM RIVETS OR BOLTS. 

4A.463 Flap controls. THE FLAP OPERATING 
MECHANISM SHALL BE SUCH AS TO PREVENT SUD
DEN, INADVERTENT, OR AUTOMATIC OPENING OF THE 
FLAP AT SPEEDS ABOVE THE DESIGN SPEED FOR THE 
EXTENDED FLAP CONDITIONS. THE TIME REQUIRED 
TO FULLY EXTEND OR RETRACT FLAPS SHALL NOT BE 
LESS THAN 15 SECONDS, UNLESS IT CAN BE DEMON
STRATED TO THE SATISFACTION OF THE ADMINIS
TRATOR THAT THE OPERATION OF THE FLAPS IN A 
LESSER TIME DOES NOT RESULT IN UNSATISFACTORY 
FLIGHT CHARACTERISTICS. MEANS SHALL BE PRO
VIDED TO RETAIN FLAPS IN THEIR FULLY RETRACTED 
POSITION AND TO INDICATE SUCH POSITION TO THE 
PILOT. 

4A.464-T Flap controls. 
(A) FOR TRANSPORT CATEGORY AIRPLANES, THE 

FLAP CONTROL SHALL PROVIDE MEANS FOR BRINGING 
THE FLAPS FROM ANY POSITION WITHIN THE OPER
ATING RANGE TO ANY ONE OF THREE POSITIONS, 
DESIGNATED AS LANDING, APPROACH, AND TAKEOFF 
POSITIONS, OR TO THE FULLY RETRACTED POSITION, 
BY PLACING THE PRIMARY FLAP CONTROL IN A 
SINGLE SETTING MARKED AS CORRESPONDING TO 
EACH SUCH FLAP POSITION, THE FLAPS THEREUPON 
MOVING DIRECTLY TO THE DESIRED POSITION WITH
OUT REQUIRING FURTHER ATTENTION. IF ANY EX
TENSION OF THE FLAPS BEYOND THE LANDING POSI
TION IS POSSIBLE, THE FLAP CONTROL SHALL BE 
CLEARLY MARKED TO IDENTIFY SUCH RANGE OF 
EXTENSION. 



26 A I R P L A N E A I R W O R T H I N E S S CAM 4a 

(B) THE LANDING POSITION, APPROACH POSI
TION, AND TAKEOFF POSITION, OR ANY OF THEM, 
MAY BE MADE VARIABLE WITH ALTITUDE OR WEIGHT 
BY MEANS OF A SECONDARY FLAP CONTROL PRO
VIDED FOR THAT PURPOSE. SUCH A SECONDARY 
CONTROL, IF PROVIDED, SHALL OPERATE INDEPEND
ENTLY OF THE PRIMARY CONTROL AND IN SUCH 
MANNER THAT WHEN IT HAS BEEN ADJUSTED (FOR 
THE EFFECT OF WEIGHT OR ALTITUDE), THE NECES
SARY FLAP POSITION CAN THEREAFTER BE OBTAINED 
BY PLACING THE PRIMARY FLAP CONTROL IN THE 
DESIRED POSITION. THE SECONDARY CONTROL 
SHALL BE SO DESIGNED AND MARKED AS TO BE 
READILY OPERABLE BY THE CREW. 

(C) THE RATE OF FLAP RETRACTION SHALL BE 
SUCH AS TO PERMIT COMPLIANCE WITH 4A.752—T. 

4A.465 Tab controls, 
(A) TAB CONTROLS SHALL BE IRREVERSIBLE AND 

NON FLEXIBLE, UNLESS THE TAB IS STATICALLY BAL
ANCED ABOUT ITS HINGE LINE. PROPER PRECAU
TIONS SHALL BE TAKEN AGAINST THE POSSIBILITY 
OF INADVERTENT OR ABRUPT TAB OPERATION AND 
OPERATION IN THE WRONG DIRECTION. 

(B) WHEN ADJUSTABLE ELEVATOR TABS ARE 
USED FOR THE PURPOSE OF TRIMMING THE AIR
PLANE, A TAB POSITION INDICATOR SHALL BE IN
STALLED, AND MEANS SHALL BE PROVIDED FOR INDI
CATING TO THE PILOT A RANGE OF ADJUSTMENT 
SUITABLE FOR SAFE TAKEOFF AND THE DIRECTIONS 
OF MOTION OF THE CONTROL FOR NOSEUP AND NOSE-
DOWN MOTIONS OF THE AIRPLANE. 

4A.466 Spring devices. THE USE OF SPRINGS 
IN THE CONTROL SYSTEM EITHER AS A RETURN 
MECHANISM OR AS AN AUXILIARY MECHANISM 
FOR ASSISTING THE PILOT (BUNGEE DEVICE) IS 
PROHIBITED EXCEPT UNDER THE FOLLOWING 
CONDITIONS: 

(A) THE AIRPLANE SHALL BE SATISFACTORILY 
MANEUVERABLE AND CONTROLLABLE AND FREE 
FROM FLUTTER UNDER ALL CONDITIONS WITH AND 
WITHOUT THE USE OF THE SPRING DEVICE. 

(B) IN ALL CASES THE SPRING MECHANISM 
SHALL BE OF A TYPE AND DESIGN SATISFACTORY TO 
THE ADMINISTRATOR. 

(C) RUBBER CORD SHALL NOT BE USED FOR THIS 
PURPOSE. 

4A.467 Single-cable controls. SINGLE-CABLE 
CONTROLS ARE PROHIBITED EXCEPT IN SPECIAL 
CASES IN WHICH THEIR USE CAN BE PROVED TO BE 
SATISFACTORY. 

4A.468 Control system locks. WHEN A DE
VICE IS PROVIDED FOR LOCKING A CONTROL SUR
FACE WHILE THE AIRCRAFT IS ON THE GROUND OR 
WATER, COMPLIANCE WITH THE FOLLOWING RE
QUIREMENTS SHALL BE SHOWN. 

(A) THE LOCKING DEVICE SHALL BE SO INSTALLED 
AS TO POSITIVELY PREVENT TAXYING THE AIRCRAFT 
FASTER THAN 20 MILES PER HOUR, EITHER INTEN
TIONALLY OR INADVERTENTLY, WHILE THE LOCK IS 
ENGAGED. 

(B) MEANS SHALL BE PROVIDED TO PRECLUDE 
THE POSSIBILITY OF THE LOCK BECOMING ENGAGED 
DURING FLIGHTS. 

4A.469-T Trim controls. FOR TRANSPORT 
CATEGORY AIRPLANES, THE TRIMMING DEVICES 
SHALL BE CAPABLE OF CONTINUED NORMAL OPERA
TION IN SPITE OF THE FAILURE OF ANY ONE CON
NECTING OR TRANSMITTING ELEMENT IN THE PRI
MARY CONTROL SYSTEM. TRIM CONTROLS SHALL 
OPERATE IN THE PLANE AND WITH THE SENSE OF 
THE MOTION OF THE AIRPLANE WHICH THEIR OP
ERATION IS INTENDED TO PRODUCE. 

Detail Design of Landing Gear 
4A.475 Shock absorption. ALL LANDING 

GEAR (INCLUDING TAIL GEAR INSTALLATIONS) SHALL 
BE PROVIDED WITH SHOCK-ABSORBING SYSTEMS 
WHICH WILL PERMIT THE AIRPLANE TO BE LANDED 
UNDER THE CONDITIONS SPECIFIED IN SECTIONS 
4A.L48(B), 4A.L52 WITHOUT EXCEEDING THE ULTI
MATE LOAD USED IN THE ANALYSIS OF ANY LAND
ING GEAR MEMBER. (SEE SEC. 4A.278 FOR PROOF 
OF ABSORPTION CAPACITY.) IF THE DESIGN OF 
THE SHOCK-ABSORBING SYSTEM IS SUCH THAT THE 
ABOVE METHOD OF SPECIFYING THE REQUIRED EN
ERGY ABSORPTION CAPACITY APPEARS TO GIVE IR
RATIONAL RESULTS, AN ALTERNATE METHOD WILL BE 
CONSIDERED UPON PRESENTATION OF PERTINENT 
DATA. 

4A.476 Shock-absorbing systems. THE 
SHOCK-ABSORBING SYSTEMS EMPLOYED SHALL IN
CORPORATE SUITABLE MEANS FOR ABSORBING THE 
SHOCKS DEVELOPED IN TAXYING OR RUNNING OVER 
ROUGH GROUND. 

4A.477 Wheels, MAIN L A N D I N G GEAR 
WHEELS SHALL BE OF A TYPE OR MODEL CERTIFI
CATED BY THE ADMINISTRATOR IN ACCORDANCE 
WITH THE PROVISIONS OF PART 15 OF THIS SUB
CHAPTER AND SHALL NOT BE SUBJECTED TO STATIC 
LOADS IN EXCESS OF THOSE FOR WHICH THEY ARE 
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certificated. Tail wheels may be o f any 
type or model and are not certificated. 
Nose wheels are subject to special rulings 
to be made by the Administrator. 

4a.478 Main landing gear wheels. For 
the purpose o f the regulations in this part 
main landing gear wheels are considered as 
those nearest the airplane center of gravity 
with respect to fore-and-aft location. 

4a.479 Tail and nose wheels. For the 
purpose of the regulations in this part, a 
tail wheel is considered as one which sup
ports the tail of a conventional airplane in 
the three-point landing attitude. A nose 
wheel is considered to be a wheel supporting 
the nose of the airplane when the two main 
wheels are located behind the center of 
gravity. 

4a.480 Tires. A landing gear wheel may 
be equipped with any make or type of tire, 
provided that the tire is a proper fit on the 
rim of the wheel and provided that the tire 
rating of the Airplane Tire Committee of the 
Tire and Rim Association is not exceeded. 

4a.481 Tire markings. When specially 
constructed tires are used to support an air
plane, the wheels shall be plainly and con
spicuously marked to that effect. Such 
markings shall include the make, size, num
ber of plies, and identification marking of 
the proper tire. 

4a.482 Retracting mechanism. 
(a) When retractable landing wheels are 

used visual means shall be provided for in
dicating to the pilot, at all times, the position 
of the wheels. Separate indicators for each 
wheel are required when each wheel is sep
arately operated unless a single indicator is 
obviously satisfactory. In addition, land
planes shall be provided with an aural or 
equally effective indicator which shall func
tion continuously after the throttle is closed 
until the gear is down and locked. 

(b) A positive lock shall be provided for 
the wheels in the extended position, unless 
a rugged irreversible mechanism is used. 

( c ) Manual operation of retractable land
ing gears shall be provided for. 

4a.483-T Brakes. Transport category 
airplanes shall be equipped with brakes cer

tificated in accordance with the provisions 
of Part 15 of this subchapter, for the maxi
mum certificated landing weight at sea level 
and the power-off stalling speed, F s o , as de
fined in section 4a.739-T. The brake system 
for such airplanes shall be so designed and 
constructed that in the event o f a single fail
ure in any connecting or transmitting ele
ment in the brake system, or the loss of any 
single source of hydraulic or other brake op
erating energy supply, it shall be possible, 
as shown by suitable test or other data, to 
bring the airplane to rest under the condi
tions specified in section 4a.750-T with a 
mean negative acceleration during the land 
roll of at least 50 percent o f that obtained 
in determining the landing distance under 
that section. 

Hulls and Floats 
4a.488 Hulls and floats. (See also sees. 

4a.497 through 4a.513.) 
4a.489 Buoyancy (main seaplane floats). 
(a) Main seaplane floats shall have a 

buoyancy in excess of that required to sup
port the gross weight o f the airplane in fresh 
water as fo l lows : 

(1) 80 percent in the case o f single floats, 
(2) 90 percent in the case o f double 

floats. 
(b ) Main seaplane floats for use on air

craft of 2,500 pounds or more maximum au
thorized weight shall contain at least five 
watertight compartments of approximately 
equal volume. Main seaplane floats for use 
on aircraft of less than 2,500 pounds maxi
mum authorized weight shall contain at least 
four such compartments. 

4a.490 Buoyancy (boat seaplanes). The 
hulls of boat seaplanes and amphibians 
shall be divided into watertight compart
ments in accordance with the following 
requirements: 

(a ) In aircraft of 5,000 pounds maximum 
authorized weight or more the compartments 
shall be so arranged that, with any two ad
jacent compartments flooded, the hull and 
auxiliary floats (and tires, if used) will re
tain sufficient buoyancy to support the gross 
weight o f the aircraft in fresh water. 
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(B) IN AIRCRAFT OF 1,500 TO 5,000 POUNDS 
MAXIMUM AUTHORIZED WEIGHT THE COMPART
MENTS SHALL BE SO ARRANGED THAT, WITH ANY 
ONE COMPARTMENT FLOODED, THE HULL AND AUX
ILIARY FLOATS (AND TIRES, IF USED) WILL RETAIN 
SUFFICIENT BUOYANCY TO SUPPORT THE MAXIMUM 
AUTHORIZED WEIGHT OF THE AIRCRAFT IN FRESH 
WATER. 

(C) IN AIRCRAFT OF LESS THAN 1,500 POUNDS 
MAXIMUM AUTHORIZED WEIGHT WATERTIGHT SUB
DIVISION OF THE HULL IS NOT REQUIRED. 

(D) BULKHEADS MAY HAVE WATERTIGHT DOORS 
FOR THE PURPOSE OF COMMUNICATION BETWEEN 
COMPARTMENTS. 

4A.491 Water stability. AUXILIARY FLOATS 
SHALL BE SO ARRANGED THAT WHEN COMPLETELY 
SUBMERGED IN FRESH WATER, THEY WILL PROVIDE 
A RIGHTING MOMENT WHICH IS AT LEAST 1.5 TIMES 
THE UPSETTING MOMENT CAUSED BY THE AIRCRAFT 
BEING TILTED. A GREATER DEGREE OF STABILITY 
MAY BE REQUIRED IN THE CASE OF LARGE FLYING 
BOATS, DEPENDING ON THE HEIGHT OF THE CENTER 
OF GRAVITY ABOVE THE WATER LEVEL, THE AREA 
AND LOCATION OF WINGS AND TAIL SURFACES, AND 
OTHER CONSIDERATIONS. 

4A.492 Float design. IN DESIGNING THE 
BOW PORTION OF FLOATS AND HULLS SUITABLE PRO
VISION SHALL BE MADE FOR THE EFFECTS OF STRIK
ING FLOATING OBJECTS. 

Fuselage and Cabins 

4A.497 Provision for turn-over. THE FUSE
LAGE AND CABINS SHALL BE DESIGNED TO PROTECT 
THE PASSENGERS AND CREW IN THE EVENT OF A 
COMPLETE TURN-OVER AND ADEQUATE PROVISION 
SHALL BE MADE TO PERMIT EGRESS OF PASSENGERS 
AND CREW IN SUCH EVENT. THE REQUIREMENTS 
OF THIS SECTION MAY BE SUITABLY MODIFIED WHEN 
THE POSSIBILITY OF A COMPLETE TURN-OVER IN 
LANDING IS REMOTE. 

4A.498 External door. CLOSED CABINS ON 
ALL AIRCRAFT CARRYING PASSENGERS SHALL BE PRO
VIDED WITH AT LEAST ONE ADEQUATE AND EASILY 
ACCESSIBLE EXTERNAL DOOR. 

4A.499 Location of passenger door. NO 
PASSENGER DOOR SHALL BE LOCATED IN THE PLANE 
OF ROTATION OF AN INBOARD PROPELLER, NOR 
WITHIN 5 DEGREES THEREOF AS MEASURED FROM 
THE PROPELLER HUB. 

4A.5O0 Exits. CLOSED CABINS ON AIRCRAFT 
CARRYING MORE THAN 5 PERSONS SHALL BE PRO
VIDED WITH EMERGENCY EXITS, IN ADDITION TO 
THE ONE EXTERNAL DOOR REQUIRED BY SECTION 
4A.498, CONSISTING OF MOVABLE WINDOWS OR 
PANELS OR OF ADDITIONAL EXTERNAL DOORS WHICH 
PROVIDE A CLEAR AND UNOBSTRUCTED OPENING, 
THE MINIMUM DIMENSIONS OF WHICH SHALL BE 
SUCH THAT A 19-INCH BY 26-INCH ELLIPSE MAY 
BE COMPLETELY INSCRIBED THEREIN. THE LOCA
TION AND THE METHOD OF OPERATION OF EMER
GENCY EXITS SHALL BE APPROVED BY THE 
ADMINISTRATOR. IF THE PILOT IS IN A COMPART
MENT SEPARATE FROM THE CABIN, PASSAGE 
THROUGH SUCH COMPARTMENT SHALL NOT BE CON
SIDERED AS AN EMERGENCY EXIT FOR THE PAS
SENGERS. THE NUMBER OF EMERGENCY EXITS 
REQUIRED IS AS FOLLOWS: 

(A) AIRCRAFT WITH A TOTAL SEATING CAPACITY 
OF MORE THAN 5 PERSONS, BUT NOT IN EXCESS OF 
15, SHALL BE PROVIDED WITH AT LEAST ONE EMER
GENCY EXIT OR ONE SUITABLE DOOR IN ADDITION 
TO THE MAIN DOOR SPECIFIED IN SECTION 4A.498. 
THIS EMERGENCY EXIT, OR SECOND DOOR, SHALL 
BE ON THE OPPOSITE SIDE OF THE CABIN FROM 
THE MAIN DOOR. IF DESIRED, AN ADDITIONAL 
EMERGENCY EXIT MAY BE PROVIDED IN THE TOP 
OF THE CABIN, BUT SUCH AN INSTALLATION SHALL 
NOT OBVIATE THE NECESSITY FOR AN EXIT ON EACH 
SIDE. 

(B) AIRCRAFT WITH A SEATING CAPACITY OF 
MORE THAN 15 PERSONS SHALL BE PROVIDED WITH 
AN ADDITIONAL EMERGENCY EXIT OR DOOR EITHER 
IN THE TOP OR SIDE OF THE CABIN FOR EVERY ADDI
TIONAL 7 PERSONS OR FRACTION THEREOF ABOVE 15, 
EXCEPT THAT NOT MORE THAN 4 EXITS, INCLUDING 
DOORS, WILL BE REQUIRED IF THE ARRANGEMENT 
AND DIMENSIONS ARE SUITABLE FOR THE PURPOSE 
INTENDED. 

Pilot Compartment 
4A.501 Construction. THE PILOT COMPART

MENT SHALL BE SO CONSTRUCTED AS TO AFFORD 
SUITABLE VENTILATION AND ADEQUATE VISION TO 
THE PILOT UNDER NORMAL FLYING CONDITIONS. 
IN CABIN AIRCRAFT THE WINDOWS SHALL BE SO 
ARRANGED THAT THEY MAY BE READILY CLEANED 
OR EASILY OPENED IN FLIGHT TO PROVIDE FORWARD 
VISION FOR THE PILOT. THE VENTILATION REQUIRE
MENTS OF SECTION 4A.510 SHALL ALSO APPLY TO 
THE PILOT COMPARTMENT. 
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VENT ANY LEAKAGE INTO IT WHEN THE AIRPLANE 
IS FLYING IN RAIN OR SNOW. 

4A.507 Seats. WHEN A SECOND PILOT IS RE
QUIRED (SEC. 61.121 OF THIS SUBCHAPTER) TWO 
SEATS SHALL BE INSTALLED SIDE BY SIDE IN THE 
PILOT COMPARTMENT OF AIRPLANES CERTIFICATED 
FOR AIR TRANSPORTATION SERVICE FROM EITHER OF 
WHICH THE AIRPLANE SHALL BE FULLY AND READILY 
CONTROLLABLE. IF ANY DIFFERENCE EXISTS AS TO 
CONVENIENCE OF THE INSTRUMENTS AND CONTROLS 
NECESSARY FOR SAFE FLIGHT SUCH DIFFERENCE 
SHOULD FAVOR THE LEFT-HAND SEAT. THE LEFT-
HAND SEAT SHALL BE KNOWN AS THE FIRST PILOT'S 
SEAT AND THE RIGHT-HAND ONE AS THE SECOND 
PILOT'S SEAT. 

4A.508 Navigation instruments. THE 
NAVIGATION INSTRUMENTS FOR USE BY THE PILOT 
IN AIRPLANES CERTIFICATED FOR AIR TRANSPORTA
TION SERVICE SHALL BE SO INSTALLED AS TO BE EAS
ILY VISIBLE TO HIM WITH THE MINIMUM PRACTI
CABLE DEVIATION FROM HIS NORMAL POSITION 
AND LINE OF VISION WHEN HE IS LOOKING OUT AND 
FORWARD ALONG THE FLIGHT PATH AND THEY SHALL 
ALSO BE VISIBLE TO THE SECOND PILOT. 

4A.509 Opening between pilot compart' 
ment and passengers' cabin. ALL AIRPLANES 
CERTIFICATED FOR AIR TRANSPORTATION SERVICE 
SHALL BE PROVIDED WITH A DOOR OR AN ADEQUATE 
OPENABLE WINDOW BETWEEN THE PILOT COMPART
MENT AND THE PASSENGER CABIN. WHEN A DOOR 
IS PROVIDED IT SHALL BE EQUIPPED WITH A LOCK
ING MEANS WHICH SHALL PREVENT PASSENGERS 
FROM OPENING SUCH DOOR WHILE IN FLIGHT. 

PASSENGER AND BAGGAGE COMPARTMENTS 

4A.510 Passenger compartments. A SUIT
ABLE VENTILATION SYSTEM SHALL BE PROVIDED 
WHICH WILL PRECLUDE THE PRESENCE OF FUEL 
FUMES AND DANGEROUS TRACES OF CARBON MON
OXIDE IN EACH PASSENGER COMPARTMENT. 

4A.511 Passenger chairs. SEATS OR CHAIRS 
FOR PASSENGERS SHALL BE SECURELY FASTENED IN 
PLACE IN BOTH OPEN AND CLOSED AIRPLANES, 
WHETHER OR NOT THE SAFETY BELT LOAD IS TRANS
MITTED THROUGH THE SEAT. 

Cross References: For safety belt requirements, see 
sees. 4a.l93, 4a.532(i), and 4a.565. 

4A.512 Baggage compartments. EACH 
BAGGAGE AND MAIL COMPARTMENT SHALL BEAR 

4A.502 Location. THE PILOT AND THE PRI
MARY CONTROL UNITS, EXCLUDING CABLES AND 
CONTROL RODS, SHALL BE SO LOCATED WITH RESPECT 
TO THE PROPELLERS THAT NO PORTION OF THE PILOT 
OR CONTROLS LIES IN THE REGION BETWEEN THE 
PLANE OF ROTATION OF ANY PROPELLER AND THE 
SURFACE GENERATED BY A LINE PASSING THROUGH 
THE CENTER OF THE PROPELLER HUB AND MAKING 
AN ANGLE OF 5 DEGREES FORWARD OR AFT OF THE 
PLANE OF ROTATION OF THE PROPELLER. 

4A.504 Operation information and limita
tions. MEANS SHALL BE PROVIDED BY WHICH THE 
OPERATING PERSONNEL IS SUITABLY INFORMED OF 
ALL OPERATION INFORMATION AND LIMITATIONS 
DEEMED NECESSARY BY THE ADMINISTRATOR. 

4A.505 Windows and windshields. THE 
WINDOWS AND WINDSHIELDS OF THE PILOT COM
PARTMENT IN AIRPLANES CERTIFICATED FOR AIR 
TRANSPORTATION SERVICE SHALL BE SO ARRANGED 
AS TO PROVIDE SATISFACTORY FORWARD VISION AND 
PROTECTION UNDER ALL CONDITIONS AND, TO AC
COMPLISH THIS, PARTICULAR ATTENTION SHALL BE 
PAID TO THE FOLLOWING DETAIL REQUIREMENTS: 

(A) SUFFICIENT DATA SPECIFYING THE WIND
SHIELD MATERIAL, NUMBER OF LAMINATIONS, 
BINDER IF ANY, SIZE AND SHAPE OF PANES, ANGLE 
OF PANES TO FLIGHT PATH, AND METHOD AND RI
GIDITY OF MOUNTING, SHALL BE FORWARDED TO THE 
ADMINISTRATOR FOR RULINGS AS TO THE ACCEPT
ABILITY OF THE WINDSHIELD FROM THE STAND
POINT OF STRENGTH. 

(B) WINDSHIELDS SHALL BE SO INSTALLED THAT 
THEY CAN BE EASILY OPENED IN FLIGHT AND SHALL 
BE SO ARRANGED THAT THE AIR STREAM AND SNOW 
OR RAIN ARE DEFLECTED ACROSS THE OPENING, OR 
TO PROVIDE EQUIVALENT RESULTS. 

(C) THE PILOT COMPARTMENT SHALL BE SO CON
STRUCTED AND ARRANGED AS TO PREVENT GLARE OR 
REFLECTIONS WHICH WOULD INTERFERE WITH THE 
VISION OF EITHER PILOT, PARTICULARLY WHILE FLY
ING AT NIGHT. THE AIRCRAFT WILL BE FLOWN BY A 
REPRESENTATIVE OF THE ADMINISTRATOR DURING 
HOURS OF DARKNESS TO DETERMINE COMPLIANCE 
WITH THIS PROVISION. 

4A.506 Leakage. THE PILOT COMPARTMENT 
IN AIRPLANES CERTIFICATED FOR AIR TRANSPORTA
TION SERVICE SHALL BE SO CONSTRUCTED AS TO PRE-
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A PLACARD STATING THE MAXIMUM ALLOWABLE 
WEIGHT OF CONTENTS, AS DETERMINED BY THE 
STRUCTURAL STRENGTH OF THE COMPARTMENT (SEC. 
4A.L94) AND BY FLIGHT TEST (SEC. 4A.725). SUIT
ABLE MEANS SHALL BE PROVIDED TO PREVENT THE 
CONTENTS OF MAIL AND BAGGAGE COMPARTMENTS 
FROM SHIFTING. 

Reinforcement Near Propellers 

4A.513 Reinforcement near propellers. 
SURFACES NEAR PROPELLER TIPS SHALL BE SUITABLY 
STIFFENED AGAINST VIBRATION AND EFFECTS OF ICE 
THROWN FROM THE PROPELLER. 

Cross Reference: For clearance requirements, see 
sec. 4a.599. 

Subpart F—Equipment 

4A.523. General. THE EQUIPMENT REQUIRED 
SHALL BE DEPENDENT UPON THE TYPE OF OPERATION 
FOR WHICH CERTIFICATION IS TO BE MADE. THE RE
QUIREMENTS SPECIFIED IN THIS SUBPART SHALL BE 
THE BASIC EQUIPMENT REQUIREMENTS AND SUCH 
ADDITIONAL EQUIPMENT AS MAY BE SPECIFIED IN 
OTHER SECTIONS OF THE CIVIL AIR REGULATIONS 
FOR SPECIFIC SPECIAL CASES SHALL BE SUPPLE
MENTAL HERETO UNLESS OTHERWISE SPECIFIED. 

4A.524 Requirements. EACH ITEM OF 
EQUIPMENT SPECIFIED IN THE CIVIL AIR REGULA
TIONS SHALL BE OF A TYPE AND DESIGN SATISFAC
TORY TO THE ADMINISTRATOR, SHALL BE PROPERLY 
INSTALLED, AND SHALL FUNCTION TO THE SATISFAC
TION OF THE ADMINISTRATOR. ITEMS OF EQUIP
MENT FOR WHICH CERTIFICATION IS REQUIRED SHALL 
HAVE BEEN CERTIFICATED IN ACCORDANCE WITH THE 
PROVISIONS OF PART 15 OF THIS SUBCHAPTER OR 
PREVIOUS REGULATIONS. 

4a.524-l Approval of aircraft components 
(FAA rules which apply to sec. . Air
craft components made the subject of Techni
cal Standard Orders shall be approved upon 
the basis and in the manner provided in Part 
514 of this title. 

[Supp. 9,16 F.R. 671, Jan. 25,1951] 

4A.525 Life preserver or flotation device. 
AN APPROVED LIFE PRESERVER OR FLOTATION DE
VICE IS ONE APPROVED BY THE ADMINISTRATOR FOR 
SUCH USAGE ON SEA-GOING VESSELS. 

4A.526 Fire extinguishing apparatus. 
FIRE EXTINGUISHING APPARATUS APPROVED BY 
THE UNDERWRITERS LABORATORIES IS CONSIDERED 
TO BE OF AN APPROVED TYPE. 

NON-AIR CARRIER ( N A C ) AIRPLANES 

4A.531 Non-air carrier (NAC) airplanes. 
AIRPLANES WHICH ARE CERTIFICATED AS NON-AIR 
CARRIERS SHALL HAVE AT LEAST THE EQUIPMENT 
SET FORTH IN SECTIONS 4A.532-4A.537. 

4A.532 NAC landplanes; visual contact 
day flying (within 100 miles of a fixed base). 

(A) ONE AIR-SPEED INDICATOR. 

Cross Reference: For installation requirements, see 
sec. 4<u559. 

(B) ONE ALTIMETER. 
(C) A TACHOMETER FOR EACH ENGINE. 
(D) AN OIL-PRESSURE GAUGE WHEN AN OIL-

PRESSURE SYSTEM IS EMPLOYED. 
(E) A WATER THERMOMETER FOR EACH WATER-

COOLED ENGINE. 
(F) AN OIL THERMOMETER FOR EACH AIR-COOLED 

ENGINE. 
(G) A MANIFOLD-PRESSURE GAUGE, OR EQUIVA

LENT, FOR EACH ALTITUDE ENGINE. 
(H) A FUEL QUANTITY GAUGE. (SEE SEC. 

4A.609 FOR REQUIREMENTS.) 
(I) APPROVED SAFETY BELTS FOR ALL OCCUPANTS 

(SEE SEC. 4A.565). 

Cross References: For belt requirements, see Part 
15 of this subchapter. For installation requirements, 
see sec. 4a.565. 

(J) A PORTABLE FIRE EXTINGUISHER, WHICH EX
TINGUISHER SHALL BE OF AN APPROVED TYPE, 
WHICH SHALL HAVE A MINIMUM CAPACITY, IF CAR
BON TETRACHLORIDE, OF 1 QUART, OR, IF CARBON 
DIOXIDE, OF 2 POUNDS, OR, IF OTHER, OF EQUIVA
LENT EFFECTIVENESS; EXCEPT THAT ANY EXTIN
GUISHER OF NOT LESS THAN HALF THE ABOVE 
CAPACITY MAY BE USED IN AN AIRPLANE EQUIPPED 
WITH AN ENGINE WHOSE MAXIMUM RATING IS 

http://4a.532-4a.537
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40 HORSEPOWER OR LESS. (SEE SEC. 4A.566 FOR 
INSTALLATION REQUIREMENTS.) 

(K) LANDING GEAR POSITION INDICATOR FOR RE
TRACTABLE MAIN LANDING GEAR. (SEE SEC. 
4A.482 FOR REQUIREMENTS.) 

(1) A DEVICE FOR MEASURING OR INDICATING 
THE AMOUNT OF OIL IN THE TANKS. (SEE SEC. 
4A.624 FOR REQUIREMENTS.) 

(M) A FIRST-AID KIT. 
(N) A LOGBOOK FOR THE AIRPLANE AND ONE FOR 

EACH ENGINE. (SEE PART 1 OF THIS SUBCHAPTER 
FOR REQUIREMENTS.) 

(O) RIGGING INFORMATION FOR AIRPLANES 
WITH WIRE-BRACED WINGS, EITHER IN THE FORM 
OF A SKETCH OR LISTED DATA, WHICH SHALL IN
CLUDE SUFFICIENT INFORMATION TO PERMIT PROPER 
RIGGING. 

4A.533 NAC landplanes; visual contact 
day /lying (unlimited distance). AIRPLANES 
OF THIS CATEGORY SHALL HAVE THE EQUIPMENT 
SPECIFIED IN SECTION 4A.532 AND, IN ADDITION, 
THERE SHALL BE INSTALLED: 

(A) A MAGNETIC COMPASS. 
Cross Reference: For installation requirements, see 

sec. 4&562. 

4A.534 NAC landplanes; visual contact 
night Hying. AIRPLANES OF THIS CATEGORY 
SHALL HAVE THE EQUIPMENT SPECIFIED IN SECTION 
4A.533 AND, IN ADDITION, THERE SHALL BE 
INSTALLED: 

(A) A SET OF CERTIFICATED STANDARD FORWARD 
POSITION LIGHTS IN COMBINATION WITH A CERTIFI
CATED TAIL LIGHT. 

Cross References: For light requirements, see Part 
15 of this subchapter. For installation requirements, 
see sec 4a,578. 

(B) TWO ELECTRIC LANDING LIGHTS IF THE AIR
CRAFT IS OPERATED FOR HIRE: Provided, how
ever, THAT ONLY ONE SUCH LANDING LIGHT SHALL 
BE REQUIRED FOR ANY AIRPLANE CERTIFICATED FOR 
A WEIGHT OF LESS THAN 1,500 POUNDS. (SEE SEC. 
4A.576 FOR INSTALLATION REQUIREMENTS.) 

(C) CERTIFICATED LANDING FLARES AS FOLLOWS, 
IF THE AIRCRAFT IS OPERATED FOR HIRE BEYOND 
AN AREA WITHIN A CIRCLE WITH A RADIUS OF 3 
MILES DRAWN FROM THE CENTER OF THE AIRPORT 
OF TAKEOFF (SEE PART 15 OF THIS SUBCHAPTER 
FOR FLARE REQUIREMENTS AND SEC. 4A.568 FOR IN
STALLATION REQUIREMENTS): 

(1) AIRPLANES OF 3,500 POUNDS MAXIMUM 
AUTHORIZED WEIGHT OR LESS—FIVE CLASS 3 FLARES 
OR THREE CLASS 2 FLARES. 

(2) AIRPLANES OF BETWEEN 3,500 POUNDS 
AND 5,000 POUNDS MAXIMUM AUTHORIZED 
WEIGHT—FOUR CLASS 2 FLARES. 

(3) AIRPLANES OF 5,000 POUNDS MAXIMUM 
AUTHORIZED WEIGHT OR MORE—TWO CLASS 1 
FLARES OR THREE CLASS 2 FLARES AND ONE CLASS 
1 FLARE. 

(4) IF DESIRED, AIRPLANES OF LESS THAN 
5,000 POUNDS MAXIMUM AUTHORIZED WEIGHT 
MAY CARRY THE FLARE EQUIPMENT SPECIFIED FOR 
HEAVIER AIRPLANES. 

(D) A STORAGE BATTERY SUITABLE AS A SOURCE 
OF ENERGY SUPPLY FOR SUCH LIGHTS AND RADIO 
AS ARE INSTALLED. 

Cross Reference: For installation requirements, see 
sec. 4a.571. 

(E) RADIO EQUIPMENT, IF THE AIRCRAFT IS OP
ERATED IN A CONTROL ZONE (SEC. 60.13 OF THIS 
SUBCHAPTER), AS FOLLOWS: A RADIO RANGE AND 
WEATHER BROADCAST RECEIVER OPERATING WITHIN 
THE FREQUENCY RANGE OF 200 TO 400 KILOCYCLES. 
UNDER NORMAL ATMOSPHERIC CONDITIONS THIS 
RECEIVER MUST BE CAPABLE OF RECEIVING WITH 
A RANGE OF 100 MILES INTELLIGENCE EMANATED 
FROM A RADIO RANGE OR WEATHER BROADCAST STA
TION THE EQUIVALENT OF A SIMULTANEOUS AD-
COCK RANGE WITH SCHEDULED BROADCAST IN
STALLATION. 

(F) A SET OF SPARE FUSES. 
Cross Reference: For installation requirements, see 

sec. 4a.572. 

4A.535 NAC landplanes; instrument day 
flying. AIRPLANES OF THIS CATEGORY SHALL HAVE 
THE EQUIPMENT SPECIFIED IN SECTION 4A.533 AND, 
IN ADDITION, THERE SHALL BE INSTALLED: 

(A) RADIO EQUIPMENT: SAME AS SECTION 
4A.534(E), WHETHER THE AIRCRAFT IS OPERATED 
FOR HIRE OR NOT, AND, IN ADDITION, A RADIO 
TRANSMITTER OPERATED ON 3105 KILOCYCLES WITH 
A POWER OUTPUT SUFFICIENT TO ESTABLISH COM
MUNICATION AT A DISTANCE OF AT LEAST 100 MILES 
UNDER NORMAL ATMOSPHERIC CONDITIONS. ADDI
TIONAL FREQUENCIES MAY BE EMPLOYED SUBJECT 
TO APPROVAL OF THE FEDERAL COMMUNICATIONS 
COMMISSION. 

(B) A GYROSCOPIC RATE-OF-TURN INDICATOR. 
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( c ) A bank indicator. (The rate-of-turn 
indicator may be combined in the bank indi
cator if desired.) 

( d ) A sensitive altimeter which shall be 
adjustable for changes in barometric pres
sure and compensated for changes in tem
perature. 

(e) A clock with a sweep second hand. 
( f ) A storage battery suitable as a source 

of energy supply for the radio equipment 
installed. 

Cross Reference: For installation requirements, see 
sees. 4a.571, 4a.573. 

( g ) A generator. 
(h ) A set of spare fuses. 

Cross Reference: For installation requirements, see 
sec 4a.5v2. 

( i ) A rate-of-climb indicator. 
4a.536 NAC Iandplanes; instrument 

night flying. Airplanes of this category 
shall have the equipment specified in sections 
4a.534,4a.535 combined. The storage battery 
shall be suitable as a source of energy supply 
for both the radio equipment and the lights. 

4a.537 NAC seaplanes and amphibians. 
The equipment requirements for seaplanes 
and amphibians shall be the same as speci
fied for Iandplanes (sees. 4a.532-4a.536) ex
cept that seaplanes and amphibians shall 
not be certificated for operation over water 
out of sight of land unless they have at least 
the equipment specified in section 4a.533, and 
except that all certificated seaplanes and 
amphibians shall also have an approved life 
preserver o r flotation device for each person 
for whom there is a seat, and except that all 
seaplanes and amphibians certificated for 
night operation shall also have a white 
anchor light. 

A i r Carrier A i rp l anes ; Passenger ( A C P ) 

4a.547 Air carrier airplanes; passengers 
(ACP). Airplanes certificated for use by an 
air carrier in passenger service shall have in
stalled at least the equipment set forth in 
sections 4a.548-4a.552. 

4a.548 ACP Iandplanes; visual contact 
day flying. The same as specified in section 
4a.533 and, in addition, the fol lowing: 

(a ) An electrically heated pitot tube, or 
equivalent, for the air-speed indicator. 

(b ) One additional portable fire extin
guisher of the type specified in section 4a.532 
( j ) . (See sec. la.566 for installation require
ments.) 

( c ) Fixed fire extinguishing apparatus of 
an approved type of each engine compart
ment. 

( d ) Type certificated radio equipment as 
specified in Part 40 of this subchapter. 

(e) A set of spare fuses. (See sec. 4a.572 
for installation requirements.) 

( f ) A rate-of-climb indicator. 
( g ) A storage battery: Same as section 

4a.535(f). 
(h) A means for providing, without con

tinuous manual operation, vision through the 
windshield adequate for executing take-offs 
and landings in rain. 

4a.549 ACP Iandplanes; visual contact 
night flying. The same as specified in sec
tion 4a.548 and, in addition, the fol lowing: 

(a ) A set of certificated air carrier air
plane position lights. The forward lights 
may be air carrier forward position lights 
or a combination of standard forward posi
tion lights and a set of auxiliary forward po
sition lights. (See Part 15 of this subchapter 
for light requirements and sec. 4a.578 for in
stallation requirements.) 

(b) A storage battery of sufficient capacity 
for such lights and radio as are installed. 

Cross Reference: For installation requirements, see 
sees. 4a.571, 4a.573. 

( c ) Two electric landing lights. 
Cross Reference: For installation requirements, see 

sec 4a-576. 

( d ) Certificated landing flares as fo l lows : 
two Class 1 flares or three Class 2 flares and 
one Class 1 flare. 

Cross References: For flare requirements, see Part 
15 of this subchapter. For installation requirements, 
see sec. 4a.568. 

(e) Instrument lights. 

Cross Reference: For installation requirements, see 
sec. 4a.577. 

( f ) Cabin lights in all passenger cabins 
and compartments. 
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( g ) A generator. (See sec. 4a.573 for re
quirements.) 

(h ) Radio equipment same as section 40.61. 
4a.550 ACP landplanes; instrument day 

flying. The same as specified in section 
4a.54S except section 4a.548(b) and, in addi
tion, the fol lowing: 

(a) A gyroscopic rate-of-turn indicator 
combined with a bank indicator. 

(b ) A gyroscopic instrument showing bank 
and pitch. 

( c ) A gyroscopic direction finder. 
( d ) Two sensitive-type altimeters, both of 

which shall be adjustable for changes in 
barometric pressure and compensated for 
changes in temperatures: Provided, That 
aircraft in use on or before January 1, 1939, 
and thereafter replacements and additions 
of aircraft of the same make and model may, 
for purposes of standardization, be deemed 
to have met this requirement, if there are 
installed in each such aircraft one sensitive 
type altimeter and one standard type altim
eter, provided each is adjustable for 
changes in barometric pressure and compen
sated for changes in temperature. 

(e) A free air thermometer of the distance 
type with an indicating dial in the cockpit. 

( f ) A clock with a sweep second hand. 
( g ) A vacuum gauge, installed in the lines 

leading to instruments in paragraphs ( a ) , 
(b ) and (c ) of this section. 

(h) Type certificated radio equipment as 
specified in Part 40 of this subchapter. 

( i ) Means shall be provided to indicate 
icing conditions, or the probability thereof, 
in the carburetor if the de-icing device speci
fied in section 4a.616 requires the manual 
manipulation o f controls. 

( j ) A storage battery suitable as a source 
of energy supply for the radio equipment 
installed. 

Cross Reference: For installation requirements, see 
sees. 4a.571, 4a.573. 

(k) A generator. 

Cross Reference: For installation requirements, see 
sec. 4a.573. 

4a.551 ACP.landplanes; instrument night 
flying. The same as specified in sections 
4a.549 and 4a.550 combined. The storage 

battery, in this case, shall be of sufficient ca
pacity for all radio equipment and all lights 
installed. 

4a.552 ACP seaplanes and amphibians. 
The same as specified for landplanes. (Sees. 
4a.548-4a.551) and including the life preserv
ers specified in section 4a.537, except that 
when certificated for night operation they 
shall also have installed the anchor light 
specified in section 4a.537. 

Installation Requirements 

4a.557 Installation requirements. The 
regulations in sections 4a.558-4a.581 apply 
to the installation o f specific items of equip
ment and are additional to the regulations 
of section 4a.523. 

Instrument Installation 

4a.558 Instruments. The regulations in 
sections 4a.559-4a.564 shall apply to the in
stallation of instruments when such instru
ments are required by the regulations in this 
part. 

4a.559 Air-speed indicator. This instru
ment shall be so installed as to indicate true 
air speed at sea level with the maximum 
practicable accuracy, but the instrument 
error shall not be more than plus or minus 
3 percent, except that it need not be less 
than plus or minus 5 miles per hour, at the 
level flight speed corresponding to the design 
power (sec. 4a.38(b)), at VL (sec. 4a.40(c)), 
or at the maximum attainable level flight 
speed, whichever is lowest. 

4a.560 Powerplant instruments and con
trols. See sections 4a.642, 4a.643. 

4a.561 Fuel quantity gauge. See section 
4a.609. 

4a.562 Magnetic compass. This instru
ment shall be properly damped and compen
sated and shall be located where it is least 
affected by electrical disturbances and mag
netic influences. 

4a.563 Navigational instruments. Navi
gational instruments for use by the pilot 
shall be so installed as to be easily visible 
to him with the minimum practicable devia
tion from his normal position and line of 
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4A.567 Safety belt signal. WHEN A SIGNAL 
OR SIGN IS USED TO INDICATE TO PASSENGERS THE 
TIMES THAT SEAT BELTS SHOULD BE FASTENED, SUCH 
SIGNAL OR SIGN SHALL BE LOCATED IN A CONSPIC
UOUS PLACE AND SO ARRANGED THAT IT CAN BE 
OPERATED FROM THE SEAT OF EITHER PILOT. 

4A.568 Landing flares. LANDING FLARES 
SHALL BE RELEASABLE FROM THE PILOT COMPART
MENT. STRUCTURAL PROVISION SHALL BE MADE FOR 
THE RECOIL LOADS. 

4A.569 De-icers. POSITIVE MEANS SHALL BE 
PROVIDED FOR THE DEFLATION OF ALL WING BOOTS. 

Electrical Equipment Installation 

4A.570 General. ELECTRICAL EQUIPMENT 
SHALL BE INSTALLED IN ACCORDANCE WITH AC
CEPTED PRACTICE AND SUITABLY PROTECTED FROM 
FUEL, OIL, WATER, AND OTHER DETRIMENTAL SUB
STANCES. ADEQUATE CLEARANCE SHALL BE PRO
VIDED BETWEEN WIRING AND FUEL AND OIL TANKS, 
FUEL AND OIL LINES, CARBURETORS, EXHAUST PIP
ING, AND MOVING PARTS. 

4A.571 Battery. BATTERIES SHALL BE EASILY 
ACCESSIBLE AND ADEQUATELY ISOLATED FROM FUEL, 
OIL, AND IGNITION SYSTEMS. ADJACENT PARTS OF 
THE AIRCRAFT STRUCTURE SHALL BE PROTECTED WITH 
A SUITABLE ACID-PROOF PAINT IF THE BATTERY CON
TAINS ACID OR OTHER CORROSIVE SUBSTANCE AND 
IS NOT COMPLETELY ENCLOSED. IF THE BATTERY IS 
COMPLETELY ENCLOSED, SUITABLE VENTILATION 
SHALL BE PROVIDED. ALL BATTERIES SHALL BE SO 
INSTALLED THAT SPILLED LIQUID WILL BE SUITABLY 
DRAINED OR ABSORBED WITHOUT COMING IN CON
TACT WITH THE AIRPLANE STRUCTURE. 

4A.572 Fuses. FUSES SHALL BE SO LOCATED 
THAT THEY CAN READILY BE REPLACED IN FLIGHT. 
THEY SHALL BREAK THE CURRENT IN A GENERATING 
SYSTEM AT A SUFFICIENTLY SMALL CURRENT FLOW 
ADEQUATELY TO PROTECT THE LIGHTS, RADIO 
EQUIPMENT, AND OTHER PARTS OF THE CIRCUIT. 

4A.573 Generator. WHEN A GENERATOR IS 
SPECIFIED IT SHALL HAVE SUFFICIENT CAPACITY TO 
CARRY THE ENTIRE RUNNING LOAD. SUCH GENERA
TOR SHALL BE ENGINE DRIVEN UNLESS AN APPROVED 
EQUIVALENT SYSTEM IS PROVIDED. AUXILIARY 
POWER UNITS WILL BE APPROVED IN LIEU OF BAT
TERIES AND ENGINE-DRIVEN GENERATORS, PROVIDED 
THAT THEY ARE AT LEAST TWO IN NUMBER AND THAT 
THE SUPPLY SYSTEM IS CAPABLE OF CARRYING 

VISION WHEN HE IS LOOKING OUT AND FORWARD 
ALONG THE FLIGHT PATH, AND THEY SHALL ALSO BE 
VISIBLE TO THE SECOND PILOT. 

4A.564 Gyroscopic instruments. ALL GYRO
SCOPIC INSTRUMENTS SHALL DERIVE THEIR ENERGY 
FROM ENGINE-DRIVEN PUMPS OR FROM AUXILIARY 
POWER UNITS. EACH SOURCE OF ENERGY SUPPLY 
AND ITS ATTENDANT COMPLETE INSTALLATION SHALL 
COMPLY WITH THE INSTRUMENT MANUFACTURER'S 
RECOMMENDATIONS FOR SATISFACTORY INSTRU
MENT OPERATION. ON MULTIENGINE AIRCRAFT 
EACH INSTRUMENT SHALL HAVE TWO SEPARATE 
SOURCES OF ENERGY, EITHER ONE OF WHICH SHALL 
BE CAPABLE OF CARRYING THE REQUIRED LOAD. 
ENGINE-DRIVEN PUMPS, WHEN USED, SHALL BE 
ON SEPARATE ENGINES. THE INSTALLATION SHALL 
BE SUCH THAT FAILURE OF ONE SOURCE OF ENERGY 
OR BREAKAGE OF ONE LINE WILL NOT INTERFERE 
WITH PROPER FUNCTIONING OF THE INSTRUMENTS 
BY MEANS OF THE OTHER SOURCE. 

Safety Equipment Installation 

4A.565 Safety belts. AIRPLANES MANUFAC
TURED ON OR AFTER JANUARY 1, 1951 SHALL BE 
EQUIPPED WITH SAFETY BELTS APPROVED IN AC
CORDANCE WITH SECTION 4A.31. IN NO CASE SHALL 
THE RATED STRENGTH OF THE SAFETY BELT BE LESS 
THAN THAT CORRESPONDING WITH THE ULTIMATE 
LOAD FACTORS SPECIFIED IN SECTION 4A.L93, TAK
ING DUE ACCOUNT OF THE DIMENSIONAL CHARAC
TERISTICS OF THE SAFETY BELT INSTALLATION FOR 
THE SPECIFIC SEAT OR BERTH ARRANGEMENT. 
SAFETY BELTS SHALL BE ATTACHED SO THAT NO 
PART OF THE ANCHORAGE WILL FAIL AT A LOAD 
LOWER THAN THAT CORRESPONDING WITH THE ULTI
MATE LOAD FACTORS SPECIFIED IN SECTION 4A.L93. 

(Sec 205(a), 52 Stat. 984; 49 U.S.C. 425(a). Inter
pret or apply sees. 601, 603, 52 Stat. 1007, 1009 ; 49 U.S.C. 
551, 553.) 

4A.566 Fire extinguishers. THE PORTABLE 
FIRE EXTINGUISHER SPECIFIED IN SECTION 4A.532 
(J) SHALL BE SO INSTALLED AS TO BE ACCESSIBLE 
TO THE PASSENGERS. THE TWO PORTABLE FIRE 
EXTINGUISHERS SPECIFIED IN SECTION 4A.548 SHALL 
BE SO INSTALLED THAT ONE IS READILY AVAILABLE 
TO THE CREW AND THE OTHER IS NEAR THE MAIN 
EXTERNAL CABIN DOOR WHERE IT SHALL BE READILY 
AVAILABLE TO PASSENGERS AND GROUND PERSON
NEL. 
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THE ENTIRE RUNNING LOAD WITH ANY ONE UNIT OUT 
OF ACTION. 

4A.574 Running load. THE RUNNING LOAD 
SHALL BE DEFINED AS THE ELECTRIC CONSUMPTION 
OF ALL LIGHTS, RADIO EQUIPMENT, AND OTHER ELEC
TRICAL DEVICES, EXCEPT THOSE WHICH ARE DE
SIGNED ONLY FOR OCCASIONAL INTERMITTENT USE. 
EXAMPLES OF DEVICES REGARDED AS INTERMIT
TENT ARE RADIO BROADCASTING EQUIPMENT, LAND
ING LIGHTS, AND ELECTRICALLY OPERATED LANDING 
GEARS AND WING FLAPS. RADIO RANGE SIGNAL 
RECEIVERS AND ALL OTHER LIGHTS ARE CONSIDERED 
A PART OF THE CONSTANT LOAD. 

4A.575 Anchor lights. THE ANCHOR LIGHT 
SPECIFIED FOR SEAPLANES AND AMPHIBIANS SHALL 
BE SO MOUNTED AND INSTALLED THAT, WHEN THE 
AIRPLANE IS MOORED OR DRIFTING ON THE WATER, 
IT WILL SHOW A WHITE LIGHT VISIBLE FOR AT LEAST 
2 MILES AT NIGHT UNDER CLEAR ATMOSPHERIC 
CONDITIONS. 

4A.576 Landing lights. ELECTRIC LANDING 
LIGHTS SHALL BE SO INSTALLED ON MULTIENGINE 
AIRCRAFT THAT AT LEAST ONE SHALL BE NOT LESS 
THAN 10 FEET TO THE RIGHT OR LEFT OF THE FIRST 
PILOT'S SEAT AND BEYOND THE SWEPT DISK OF THE 
OUTERMOST PROPELLER. ON SINGLE-ENGINE AIR
CRAFT SUCH LIGHTS SHALL BE SO INSTALLED THAT NO 
VISIBLE PORTION OF THE SWEPT DISK OF THE PRO
PELLER, IF OF THE TRACTOR TYPE, IS ILLUMINATED 
THEREBY. INDIVIDUAL SWITCHES FOR EACH LIGHT 
SHALL BE PROVIDED IN THE PILOT COMPARTMENT. 

4A.577 Instrument lights. INSTRUMENT 
LIGHTS SHALL BE SO INSTALLED AS TO PROVIDE SUFFI
CIENT ILLUMINATION TO MAKE ALL FLIGHT INSTRU
MENTS EASILY READABLE AND SHALL BE EQUIPPED 
WITH RHEOSTAT CONTROL FOR DIMMING UNLESS IT 
CAN BE SHOWN THAT A NONDIMMING LIGHT IS SAT
ISFACTORY. 

4A.578. Position lights. POSITION LIGHTS 
SHALL BE INSTALLED SO THAT, WITH THE AIRPLANE 
IN NORMAL FLYING POSITION, THE FORWARD RED PO
SITION LIGHT IS DISPLAYED ON THE LEFT SIDE AND 

THE FORWARD GREEN POSITION LIGHT ON THE RIGHT 
SIDE, EACH SHOWING UNBROKEN LIGHT BETWEEN 
TWO VERTICAL PLANES WHOSE DIHEDRAL ANGLE IS 
110 DEGREES WHEN MEASURED TO THE LEFT AND 
RIGHT, RESPECTFULLY, OF THE AIRPLANE FROM DEAD 
AHEAD. SUCH FORWARD POSITION LIGHTS SHALL BE 
SPACED LATERALLY AS FAR APART AS PRACTICABLE. 
ONE REAR POSITION LIGHT SHALL BE INSTALLED ON 
THE AIRPLANE AT THE REAR AND AS FAR AFT AS 
POSSIBLE AND SHALL SHOW A LIGHT VISIBLE AFT 
THROUGHOUT A DIHEDRAL ANGLE OF 140 DEGREES 
BISECTED BY A VERTICAL PLANE THROUGH THE 
LONGITUDINAL AXIS OF THE AIRPLANE. SUCH LIGHT 
SHALL EMIT (A) IN THE CASE OF A NON-AIR CARRIER 
AIRPLANE, EITHER A CONTINUOUS WHITE LIGHT AS 
SPECIFIED IN SECTION 15.20(B)(5) OF THIS SUB
CHAPTER, OR ALTERNATE RED AND WHITE FLASHES 
AS SPECIFIED IN SECTION 15.20(B)(6) OF THIS SUB
CHAPTER, AND (B) IN THE CASE OF AN AIR CARRIER 
AIRPLANE, ALTERNATE RED AND WHITE FLASHES AS 
SPECIFIED IN SECTION 15.20(B)(6) OF THIS SUB
CHAPTER. IN LIEU OF SUCH A SINGLE FLASHING 
REAR POSITION LIGHT, AN AIRPLANE MAY CARRY 
TWO REAR POSITION LIGHTS, ONE RED AND ONE 
WHITE, SPACED AS CLOSELY AS POSSIBLE TO EACH 
OTHER AND IN COMBINATION EMITTING THE RED 
AND WHITE FLASHES SPECIFIED IN SECTION 15.20 
(B) (6) OF THIS SUBCHAPTER. 

4A.579 Master switch. ELECTRICAL INSTAL
LATIONS SHALL INCORPORATE A MASTER SWITCH 
EASILY ACCESSIBLE TO A MEMBER OF THE CREW. 

Miscellaneous Equipment Installation 

4A.580 Seats. SEATS OR CHAIRS, EVEN 
THOUGH ADJUSTABLE, IN OPEN OR CLOSED AIR
PLANES, SHALL BE SECURELY FASTENED IN PLACE 
WHETHER OR NOT THE SAFETY BELT LOAD IS TRANS
MITTED THROUGH THE SEAT. 

4A.581 Accessories. ENGINE-DRIVEN ACCES
SORIES ON MULTIENGINE AIRCRAFT SHALL BE DIS
TRIBUTED AMONG TWO OR MORE ENGINES. 

Subpart G—Powerplaut Installation 

Engines 

4A.591 Engines. ENGINES SHALL BE OF A CATED, OR FOUND ELIGIBLE FOR USE IN CERTIFI-
TYPE AND DESIGN WHICH HAS BEEN TYPE CERTIFI- CATED AIRCRAFT, IN ACCORDANCE WITH THE RE-
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QUIREMENTS OF PART 13 OF THIS SUBCHAPTER OR 
SHALL HAVE BEEN APPROVED AS AIRWORTHY IN AC
CORDANCE WITH PREVIOUS REGULATIONS. 

Propellers 
4A.597 Propellers. PROPELLERS SHALL BE OF 

A TYPE AND DESIGN WHICH HAS BEEN CERTIFICATED 
AS AIRWORTHY IN ACCORDANCE WITH THE REQUIRE
MENTS OF PART 14 OF THIS SUBCHAPTER OR SHALL 
HAVE BEEN APPROVED AS AIRWORTHY IN ACCORD
ANCE WITH PREVIOUS REGULATIONS, EXCEPT THAT 
WOOD PROPELLERS OF A CONVENTIONAL TYPE FOR 
USE IN LIGHT AIRPLANES NEED NOT BE CERTIFICATED. 
IN CERTAIN CASES MAXIMUM ENGINE BORE LIM
ITATIONS ARE ALSO ASSIGNED TO PROPELLERS. 
PROPELLERS MAY BE USED ON ANY ENGINE PRO
VIDED THAT THE CERTIFIED POWER RATINGS, SPEED 
RATINGS, AND BORE OF THE ENGINE ARE NOT IN 
EXCESS OF THE LIMITATIONS OF THE PROPELLER AS 
CERTIFICATED, AND FURTHER PROVIDED THAT THE 
VIBRATION CHARACTERISTICS OF THE COMBINATION 
ARE SATISFACTORY TO THE ADMINISTRATOR. 

4A.59S Controllable pitch. THE CONTROL 
MECHANISM SHALL BE DESIGNED AND EQUIPPED 
WITH A POSITIVE STOP WHICH SHALL LIMIT THE 
MINIMUM PITCH SO THAT THE TAKEOFF CRANK
SHAFT SPEED FOR WHICH THE AIRCRAFT IS CERTIFI
CATED IS NOT EXCEEDED DURING TAKEOFF WITH 
TAKEOFF POWER UNLESS IT IS NECESSARY TO SO 
LOCATE THE STOP THAT A HIGHER CRANKSHAFT 
SPEED MAY BE USED IN AN EMERGENCY. THE 
MEANS PROVIDED FOR CONTROLLING THE PITCH 
SHALL BE SO ARRANGED AS TO MINIMIZE THE 
ATTENTION REQUIRED FROM A PILOT TO PREVENT 
THE ENGINES FROM EXCEEDING THEIR CRANKSHAFT 
SPEED LIMITATIONS UNDER ANY FLIGHT CONDITION. 

4A.599 Propeller clearance. PROPELLERS 
SHALL HAVE A MINIMUM GROUND CLEARANCE OF 
9 INCHES WHEN THE AIRPLANE IS IN A HORIZONTAL 
POSITION WITH THE LANDING GEAR DEFLECTED AS 
IT WOULD BE UNDER THE MAXIMUM AUTHORIZED 
WEIGHT OF THE AIRPLANE. PROPELLERS ON SEA
PLANES SHALL CLEAR THE WATER BY AT LEAST 18 
INCHES WHEN THE SEAPLANE IS AT REST UNDER 
THE MAXIMUM AUTHORIZED LOAD CONDITION. A 
CLEARANCE OF AT LEAST 1 INCH SHALL BE PRO
VIDED BETWEEN THE TIPS OF THE PROPELLERS AND 
ANY PART OF THE STRUCTURE. 

Fuel Systems 
4A.605 Capacity and feed. THE FUEL CA

PACITY SHALL BE AT LEAST 0.15 GALLONS PER MAX
IMUM (EXCEPT TAKEOFF) HORSEPOWER FOR WHICH 
THE AIRPLANE IS CERTIFICATED. AIR-PRESSURE 
FUEL SYSTEMS SHALL NOT BE USED. ONLY 
STRAIGHT GRAVITY FEED OR MECHANICAL PUMP
ING OF FUEL IS PERMITTED. THE SYSTEM SHALL 
BE SO ARRANGED THAT THE ENTIRE FUEL SUPPLY 
MAY BE UTILIZED IN THE STEEPEST CLIMB AND AT 
THE BEST GLIDING ANGLE AND SO THAT THE FEED 
PORTS WILL NOT BE UNCOVERED DURING NORMAL 
MANEUVERS INVOLVING MODERATE ROLLING OR 
SIDE SLIPPING. THE SYSTEM SHALL ALSO FEED 
FUEL PROMPTLY AFTER ONE TANK HAS RUN DRY 
AND ANOTHER TANK IS TURNED ON. IF A MECHAN
ICAL PUMP IS USED, AN EMERGENCY HAND PUMP 
OF EQUAL CAPACITY SHALL BE INSTALLED AND AVAIL
ABLE FOR IMMEDIATE USE IN CASE OF A PUMP 
FAILURE DURING TAKEOFF. HAND PUMPS OF SUIT
ABLE CAPACITY MAY ALSO BE USED FOR PUMPING 
FUEL FROM AN AUXILIARY TANK TO A MAIN FUEL 
TANK. 

4A.606 Tank installation. NO FUEL TANK 
SHALL BE PLACED CLOSER TO AN ENGINE THAN THE 
REMOTE SIDE OF A FIRE WALL. AT LEAST ONE-HALF 
INCH CLEAR AIR SPACE SHALL BE ALLOWED BETWEEN 
THE TANK AND THE FIRE WALL. SPACES ADJACENT 
TO THE SURFACES OF THE TANK SHALL BE VENTI
LATED SO THAT FUMES CANNOT ACCUMULATE OR 
REACH THE CREW OR PASSENGERS IN CASE OF LEAK
AGE. IF TWO OR MORE TANKS HAVE THEIR OUTLETS 
INTERCONNECTED THEY SHALL BE CONSIDERED AS 
ONE TANK AND THE AIR SPACE IN THE TANKS SHALL 
ALSO BE INTERCONNECTED TO PREVENT DIFFERENCES 
IN PRESSURE AT THE AIR VENTS OF EACH TANK OF 
SUFFICIENT MAGNITUDE TO CAUSE FUEL FLOW BE
TWEEN TANKS. MECHANICAL PUMP SYSTEMS 
SHALL NOT FEED FROM MORE THAN ONE TANK AT 
A TIME EXCEPT BY SPECIAL RULING FROM THE 
ADMINISTRATOR. 

4A.607 Tank construction. EACH FUEL 
TANK SHALL BE PROVIDED WITH EITHER A SUMP 
AND DRAIN LOCATED AT THE POINT WHICH IS LOWEST 
WHEN THE AIRPLANE IS IN A NORMAL POSITION 
ON THE GROUND OR OUTLETS AT THE BOTTOM OF 
THE TANK PROVIDED WITH LARGE MESH FINGER 
STRAINERS. IF A SUMP IS PROVIDED, THE MAIN 
FUEL SUPPLY SHALL NOT BE DRAWN FROM THE BOT-
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TORN OF THIS SUMP. IF NO SUMP IS PROVIDED, 
THE SYSTEM DRAIN SHALL BE CONTROLLABLE FROM 
THE PILOT COMPARTMENT AND SHALL ACT AS A TANK 
DRAIN. EACH TANK SHALL BE SUITABLY VENTED 
FROM THE TOP PORTION OF THE AIR SPACE. SUCH 
AIR VENTS SHALL BE SO ARRANGED AS TO MINIMIZE 
THE POSSIBILITY OF STOPPAGE BY DIRT OR ICE FOR
MATION. WHEN LARGE FUEL TANKS ARE USED, THE 
SIZE OF THE VENT TUBES SHOULD BE PROPORTIONED 
SO AS TO PERMIT RAPID CHANGES IN INTERNAL 
AIR PRESSURE TO OCCUR AND THEREBY PREVENT 
COLLAPSE OF THE TANKS IN A STEEP GLIDE OR DIVE. 
TANKS OF 10 GALLONS OR MORE CAPACITY SHALL 
BE PROVIDED WITH INTERNAL BAFFLES, UNLESS SUIT
ABLE EXTERNAL SUPPORT IS PROVIDED TO RESIST 
SURGING. 

4A.608 Tank strength. FUEL TANKS SHALL 
BE CAPABLE OF WITHSTANDING AN INTERNAL TEST 
PRESSURE OF 3!/2 POUNDS PER SQUARE INCH WITH
OUT FAILURE OR LEAKAGE. FUEL TANKS OF LARGE 
CAPACITY WHICH HAVE A MAXIMUM FUEL DEPTH 
GREATER THAN 2 FEET SHALL BE INVESTIGATED FOR 
THE PRESSURE DEVELOPED DURING THE MAXIMUM 
LIMIT ACCELERATION WITH FULL TANKS. TANKS 
SHALL BE SO DESIGNED, AND THE RIVETS OR WELDS 
SO LOCATED, AS TO RESIST VIBRATION FAILURES OR 
LEAKAGE. 

4A.609 Gauge. A SATISFACTORY GAUGE SHALL 
BE SO INSTALLED ON ALL AIRPLANES AS TO READILY 
INDICATE TO A PILOT OR FLIGHT MECHANIC THE 
QUANTITY OF FUEL IN EACH TANK WHILE IN FLIGHT. 
WHEN TWO OR MORE TANKS ARE CLOSELY INTERCON
NECTED AND VENTED, AND IT IS IMPOSSIBLE TO FEED 
FROM EACH ONE SEPARATELY, ONLY ONE FUEL-LEVEL 
GAUGE NEED BE INSTALLED. IF A GLASS GAUGE IS 
USED, IT SHALL BE SUITABLY PROTECTED AGAINST 
BREAKAGE. 

4A.610 Lines and fittings. ALL FUEL LINES 
AND FITTINGS SHALL BE OF SUFFICIENT SIZE SO THAT 
UNDER THE PRESSURE OF NORMAL OPERATION THE 
FLOW IS NOT LESS THAN DOUBLE THE NORMAL FLOW 
REQUIRED FOR TAKEOFF ENGINE POWER. A TEST 
FOR PROOF OF COMPLIANCE WITH THIS REQUIRE
MENT SHALL BE MADE. ALL FUEL LINES SHALL 
BE SO SUPPORTED AS TO PREVENT EXCESSIVE VIBRA
TION AND SHOULD BE LOCATED SO NO STRUCTURAL 
LOADS CAN BE APPLIED. BENDS OF SMALL RADIUS 
AND VERTICAL HUMPS IN THE LINES SHALL BE 
AVOIDED. COPPER FUEL LINES WHICH HAVE BEEN 
BENT SHALL BE ANNEALED BEFORE INSTALLATION. 

PARTS OF THE FUEL SYSTEM ATTACHED TO THE EN
GINE AND TO THE PRIMARY STRUCTURE OF THE AIR
PLANE SHALL BE FLEXIBLY CONNECTED THERETO. 
FLEXIBLE HOSE CONNECTIONS AND FUEL LINES SHALL 
HAVE METAL LINERS OR THE EQUIVALENT. FITTINGS 
SHALL BE OF A TYPE SATISFACTORY TO THE ADMIN
ISTRATOR. 

4A.611 Strainers. ONE OR MORE STRAINERS 
OF ADEQUATE SIZE AND DESIGN, INCORPORATING A 
SUITABLE SEDIMENT TRAP AND DRAIN, SHALL BE 
PROVIDED IN THE FUEL LINE BETWEEN THE TANK 
AND THE CARBURETOR AND SHALL BE INSTALLED IN 
AN ACCESSIBLE POSITION. THE SCREEN SHALL BE 
EASILY REMOVABLE FOR CLEANING. 

4A.612 Valves. ONE OR MORE POSITIVE AND 
QUICK-ACTING VALVES THAT WILL SHUT OFF ALL FUEL 
TO EACH ENGINE SHALL BE WITHIN EASY REACH 
OF THE FIRST PILOT AND THE SECOND PILOT OR OF 
THE FLIGHT MECHANIC. IN THE CASE OF AIRPLANES 
EMPLOYING MORE THAN ONE SOURCE OF FUEL SUP
PLY, SUITABLE PROVISION SHALL BE MADE FOR IN
DEPENDENT FEEDING FROM EACH SOURCE. 

4A.613 Dump valves. WHEN FUEL TANKS ARE 
EQUIPPED WITH DUMP VALVES, THE OPERATING 
MECHANISM FOR SUCH VALVES SHALL BE WITHIN 
CONVENIENT REACH OF THE FIRST PILOT AND THE 
SECOND PILOT OR OF THE FLIGHT MECHANIC. 
DUMP VALVES SHALL BE SO INSTALLED AS TO PRO
VIDE FOR SAFE AND RAPID DISCHARGE OF FUEL. 

4A.614 Drains. ONE OR MORE ACCESSIBLE 
DRAINS SHALL BE PROVIDED AT THE LOWEST POINT 
ON THE FUEL SYSTEMS TO COMPLETELY DRAIN ALL 
PARTS OF EACH SYSTEM WHEN THE AIRPLANE IS IN 
ITS NORMAL POSITION ON LEVEL GROUND. SUCH 
DRAINS SHALL DISCHARGE CLEAR OF ALL PARTS OF 
THE AIRPLANE AND SHALL BE EQUIPPED WITH 
SUITABLE SAFETY LOCKS TO PREVENT ACCIDENTAL 
OPENING. 

MISCELLANEOUS FUEL SYSTEM 
REQUIREMENTS 

4A.615 Filler openings. A H FILLER OPENINGS 
IN THE FUEL SYSTEM SHALL BE PLAINLY MARKED 
WITH THE CAPACITY AND THE WORD "FUEL". PRO
VISION SHALL BE MADE TO PREVENT ANY OVERFLOW 
FROM ENTERING THE WING OR FUSELAGE. 

4A.616 Prevention of ice formation. AN 
ADEQUATE MEANS SHALL BE PROVIDED FOR PRE
VENTING THE FORMATION OF ICE IN THE ENGINE 
CARBURETORS (SEE ALSO SEC. 4A.550(I)). 



38 CAM 4a AIRPLANE AIRWORTHINESS 

4A.627 Oil temperature. A S U I T A B L E 
MEANS SHALL BE PROVIDED FOR MEASURING THE 
OIL TEMPERATURE AT THE ENGINE INLET. 

4A.628 Filler openings. ALL FILLER OPEN
INGS IN THE OIL SYSTEM SHALL BE PLAINLY MARKED 
WITH THE CAPACITY AND THE WORD "OIL". 

COOLING SYSTEMS 

4A.633 General. THE COOLING SYSTEM SHALL 
BE OF SUFFICIENT CAPACITY TO MAINTAIN ENGINE 
TEMPERATURES WITHIN SAFE OPERATING LIMITS 
UNDER ALL CONDITIONS OF FLIGHT DURING A PE
RIOD AT LEAST EQUAL TO THAT ESTABLISHED BY THE 
FUEL CAPACITY OF THE AIRCRAFT, ASSUMING NOR
MAL ENGINE POWER AND SPEEDS. COMPLIANCE 
WITH THIS REQUIREMENT SHALL BE DEMONSTRATED 
IN FLIGHT TESTS IN WHICH ENGINE TEMPERATURE 
MEASUREMENTS ARE OBTAINED UNDER CRITICAL 
FLIGHT CONDITIONS INCLUDING FLIGHT WITH ONE OR 
MORE ENGINES INOPERATIVE. 

4A.634 Radiators. RADIATORS SHALL BE SO 
MOUNTED AS TO REDUCE VIBRATION AND ELIMINATE 
STRAINS CAUSING DISTORTION. 

4A.635 Piping. PIPING AND CONNECTIONS 
SHALL CONFORM TO ACCEPTED STANDARDS AND 
SHALL NOT TRANSMIT VIBRATION TO THE RADIATOR 
OR THE STRUCTURE OF THE AIRCRAFT. 

4A.636 Drains. ONE OR MORE ACCESSIBLE 
DRAINS SHALL BE PROVIDED AT THE LOWEST POINTS 
ON THE COOLING SYSTEM TO DRAIN COMPLETELY ALL 
PARTS OF SUCH SYSTEM WHEN THE AIRPLANE IS 
IN ITS NORMAL POSITION ON LEVEL GROUND. SUCH 
DRAINS SHALL DISCHARGE CLEAR OF ALL PARTS OF 
THE AIRPLANE AND SHALL BE EQUIPPED WITH SUIT
ABLE SAFETY LOCKS TO PREVENT ACCIDENTAL 
OPENING. 

4A.637 Filler openings. ALL FILLER OPEN
INGS IN THE COOLING SYSTEM SHALL BE PLAINLY 
MARKED WITH THE CAPACITY OF THE SYSTEM AND 
THE NAME OF THE PROPER COOLING LIQUID. 

POWERPLANT INSTRUMENTS, CONTROLS, AND 
ACCESSORIES 

4A.642 Instruments. THE ENGINE INSTRU
MENTS REQUIRED ARE SPECIFIED IN SUBPART F. 
THE INSTALLATION REQUIREMENTS FOR NAVIGA
TIONAL INSTRUMENTS IN SECTION 4A.563 SHALL 
APPLY TO TACHOMETERS AND MANIFOLD PRESSURE 
GAUGES. ALL OTHER INSTRUMENTS SHALL BE VIS
IBLE IN FLIGHT TO THE PILOT AND COPILOT OR TO 

LUBRICATION SYSTEMS 

4A.621 General. EACH ENGINE SHALL HAVE 
AN INDEPENDENT OIL SUPPLY. THE OIL CAPACITY 
OF THE SYSTEM SHALL BE AT LEAST 1 GALLON FOR 
EVERY 25 GALLONS OF FUEL BUT SHALL NOT BE LESS 
THAN 1 GALLON FOR EACH 75 MAXIMUM (EXCEPT 
TAKEOFF) RATED HORSEPOWER OF THE ENGINE OR 
ENGINES. A SPECIAL RULING CONCERNING THE 
CAPACITY WILL BE MADE BY THE ADMINISTRATOR 
WHEN OIL MAY BE TRANSFERRED BETWEEN EN
GINES IN FLIGHT OR WHEN A SUITABLE RESERVE IS 
PROVIDED. THE SUITABILITY OF THE LUBRICATION 
SYSTEM SHALL BE DEMONSTRATED IN FLIGHT TESTS 
IN WHICH ENGINE TEMPERATURE MEASUREMENTS 
ARE OBTAINED. THE SYSTEM SHALL PROVIDE THE 
ENGINE WITH AN AMPLE QUANTITY OF OIL AT A 
TEMPERATURE SUITABLE FOR SATISFACTORY ENGINE 
OPERATION. 

4A.622 Tank installation. OIL TANKS SHALL 
BE SUITABLY VENTED AND SHALL BE PROVIDED WITH 
AN EXPANSION SPACE WHICH CANNOT BE INADVERT
ENTLY FILLED WITH OIL. SUCH EXPANSION SPACE 
SHALL BE AT LEAST 10 PERCENT OF THE TOTAL TANK 
VOLUME, EXCEPT THAT IT SHALL IN NO CASE BE 
LESS THAN ONE-HALF GALLON. 

4A,623 Tank strength. OIL TANKS SHALL 
BE CAPABLE OF WITHSTANDING AN INTERNAL TEST 
PRESSURE OF 5 POUNDS PER SQUARE INCH WITH
OUT FAILURE OR LEAKAGE. TANKS SHALL BE SO 
DESIGNED AND THE RIVETS OR WELDS SO LOCATED 
AS TO RESIST VIBRATION FAILURES AND LEAKAGE. 

4A.624 Gauge. A SUITABLE MEANS SHALL BE 
PROVIDED TO DETERMINE THE AMOUNT OF OIL IN 
THE SYSTEM DURING THE FILLING OPERATION. 

4A.625 Piping. OIL PIPING SHALL HAVE AN 
INSIDE DIAMETER NOT LESS THAN THE INSIDE DI
AMETER OF THE ENGINE INLET OR OUTLET AND SHALL 
HAVE NO SPLICES BETWEEN CONNECTIONS. CON
NECTIONS IN THE OIL SYSTEM SHALL BE OF A TYPE 
SATISFACTORY TO THE ADMINISTRATOR. 

4A.626 Drains. ONE OR MORE ACCESSIBLE 
DRAINS SHALL BE PROVIDED AT THE LOWEST POINT 
ON THE LUBRICATING SYSTEMS TO DRAIN 
COMPLETELY ALL PARTS OF EACH SYSTEM WHEN THE 
AIRPLANE IS IN ITS NORMAL POSITION ON LEVEL 
GROUND. SUCH DRAINS SHALL DISCHARGE CLEAR 
OF ALL PARTS OF THE AIRPLANE AND SHALL BE 
EQUIPPED WITH SUITABLE SAFETY LOCKS TO PRE
VENT ACCIDENTAL OPENING. 
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the flight mechanic. If the manifold pres
sure gauges and tachometers are not visible 
to the flight mechanic, he shall be provided 
with a duplicate set of these instruments. 

4a.643 Controls. AH powerplant con
trols, including those of the fuel system, 
shall be plainly marked to show their func
tion and method of operation. The fuel ca
pacity and the identity of each tank shall be 
inscribed on or adjacent to the fuel tank se
lector valve controls in the pilot compart
ment. 

4a.644 Throttle controls. Throttle con
trols shall be easily accessible to both pilots 
and shall be so arranged as to afford a posi
tive and immediately responsive means o f 
controlling all engines separately or simul
taneously. Flexible throttle control sys
tems shall be of a certificated type. A for
ward movement shall open the throttle. 

4a.645 Ignition switches. Ignition 
switches shall be easily accessible to both 
pilots. A positive means for quickly shut
ting off all ignition of multiengine aircraft, 
by grouping of switches or otherwise, shall 
be provided. 

4a.646 Propeller pitch controls. Sepa
rate pitch controls shall be provided for each 
propeller. 

4a.647 Accessories (air carrier planes). 
(See sec. 4a.581.) 

Mani fo ld ing , Cowl ing , and Fi re Wa l l 

4a.651 General. All manifolds, cowling, 
and fire walls shall be so designed and in
stalled as to reduce to a minimum the possi
bility of fire either during flight or follow
ing an accident and shall therefore comply 
with accepted practice in all details of in
stallation not specified in this part. 

4a.652 Manifolds. E x h a u s t manifolds 
shall be constructed of suitable materials, 
shall provide for expansion, and shall be ar
ranged and cooled so that local hot points 
do not form. Gases shall be discharged 
clear of the cowling, airplane structure, and 
fuel system parts of drains. They shall not 
blow back on the carburetor air intake or 
the pilot or passengers, nor cause a glare 
ahead of the pilot at night. No exhaust 

manifolding shall be located immediately ad
jacent to or under the carburetor or fuel 
system parts liable to leakage. 

4a.653. Air intakes. Carburetor air in
takes shall be suitably drained and shall 
open completely outside the cowling, unless 
the emergence of back-fire flames is posi
tively prevented. The drain shall not dis
charge fuel in the path of possible exhaust 
flames. 

4a.654 Engine cowling. Al l cowling 
around the power plant and on the engine 
side of the fire wall shall be made of metal 
and shall be so arranged that any accumula
tions of dirt, waste, or fuel may be observed 
without complete removal of the cowling. It 
shall fit tightly to the fire wall, but openings 
may be provided if the airplane surface 
within 15 inches thereof is protected with 
metal or other suitable fireproofing material. 
The cowling shall be completely and suitably 
drained in all attitudes of flight and on the 
ground, with separate drains provided for 
the parts of the fuel system liable to leak
age. Al l such drains shall be so located as 
to prevent fuel or oil from dripping onto the 
exhaust manifold or any parts of the air
craft and from permeating any material of 
a cellular nature, 

4a.655 Fire wall. 
(a ) A fire wall shall be provided unless 

the engine is mounted in an isolated nacelle 
with no fuel tanks. Such fire bulkhead shall 
be constructed in either of the following ap
proved manners: 

(1) A single sheet of terneplate not less 
than 0.028 inch thick. 

(2) A single sheet of stainless steel not 
less than 0.015 inch thick. 

(3) Two sheets of aluminum or alumi
num alloy not less than 0.02 inch thick fas
tened together and having between them an 
asbestos paper or asbestos fabric sheet at 
least % inch thick. 

(b) The fire wall shall completely isolate 
the engine compartment and shall have all 
necessary openings fitted with close-fitting 
grommets or bushings. Adjacent inflamma
ble structural members shall be protected by 
asbestos or an equivalent insulating mater-
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IAL, AND PROVISION SHALL BE MADE FOR PRE
VENTING FUEL AND OIL FROM PERMEATING IT. 

4A.656 Heating systems. HEATING SYS
TEMS INVOLVING THE PASSAGE OF CABIN AIR OVER 
OR IN CLOSE PROXIMITY TO ENGINE EXHAUST MANI
FOLDS SHALL NOT BE USED, UNLESS ADEQUATE PRE
CAUTIONS ARE INCORPORATED IN THE DESIGN TO 
PREVENT THE INTRODUCTION OF CARBON MONOXIDE 
INTO THE CABIN OR PILOT COMPARTMENT. THEY 
SHALL BE CONSTRUCTED OF SUITABLE MATERIALS, 

BE ADEQUATELY COOLED, AND BE SUSCEPTIBLE TO 
READY DISASSEMBLY FOR INSPECTION. 

Miscellaneous Powerplant Requirements 

4A.661 Materials. FUEL, OIL, AND COOLING 
SYSTEMS SHALL BE MADE OF MATERIALS WHICH, 
INCLUDING THEIR NORMAL OR INHERENT IMPURI
TIES, WILL NOT REACT CHEMICALLY WITH ANY FUELS, 
OILS, OR LIQUIDS THAT ARE LIKELY TO BE PLACED 
IN THEM. 

Subpart H—Performance 

4A.671 Performance requirements. ALL 
AIRPLANES SHALL COMPLY WITH THE PERFORMANCE 
REQUIREMENTS SET FORTH IN SECTIONS 4A.680 AND 
4A.682. ALL AIRPLANES EXCEPT THOSE CERTIFI
CATED IN THE TRANSPORT CATEGORY SHALL COMPLY 
WITH SECTIONS 4A.672 THROUGH 4A.679, INCLU
SIVE. COMPLIANCE WITH SUCH PERFORMANCE RE
QUIREMENTS SHALL BE SHOWN IN STANDARD AT
MOSPHERE, AT ALL WEIGHTS UP TO AND INCLUDING 
THE STANDARD WEIGHT (SEC. 4A.37(D)) AND UN
DER ALL LOADING CONDITIONS WITHIN THE CENTER 
OF GRAVITY RANGE CERTIFIED (SEC. 4A.725): Pro
vided, THAT DEMONSTRATION OF COMPLIANCE 
WITH LANDING-SPEED REQUIREMENTS, AND WITH 
THOSE RELATING TO TAKEOFF TIME AND DISTANCE, 
MAY BE LIMITED TO AN INTERMEDIATE RANGE OF 
CENTER OF GRAVITY POSITIONS IF IT CAN BE SHOWN 
THAT IT IS POSSIBLE FOR THE AIRPLANE TO CONTINUE 
FLIGHT WITH ONE ENGINE INOPERATIVE, AND THAT 
PASSENGERS OR OTHER LOAD CAN BE EASILY AND 
RAPIDLY SHIFTED WHILE IN FLIGHT TO PERMIT THE 
REALIZATION, AT THE PILOT'S DISCRETION, OF A 
CENTER OF GRAVITY POSITION WITHIN THE RANGE 
COVERED BY THIS DEMONSTRATION. THERE SHALL 
BE NO FLIGHT OR HANDLING CHARACTERISTICS 
WHICH, IN THE OPINION OF THE ADMINISTRATOR, 
RENDER THE AIRPLANE UNAIRWORTHY. 

4A.672 Landing speeds. THE LANDING 
SPEED WITH POWER OFF, IN STANDARD CALM AIR 
AT SEA LEVEL, SHALL NOT EXCEED A VALUE DETER
MINED AS FOLLOWS: 

(A) AIRPLANES CERTIFICATED FOR PASSENGER 
CARRYING: 

(1) 65 MILES PER HOUR FOR AIRPLANES OF 
20,000 POUNDS STANDARD WEIGHT OR LESS, 

(2) 70 MILES PER HOUR FOR AIRPLANES OF 
30,000 POUNDS STANDARD WEIGHT OR MORE, AND 

A LINEAR VARIATION WITH STANDARD WEIGHT SHALL 
APPLY FOR AIRPLANES BETWEEN 20,000 AND 30,000 
POUNDS. 

(B) AIRPLANES WHICH ARE CERTIFICATED FOR 
THE CARRIAGE OF GOODS ONLY: 

THE ABOVE LANDING SPEED VALUES MAY BE 
INCREASED 5 MILES PER HOUR. 

4A.673 Takeoff. TAKEOFF AT SEA LEVEL: 
(A) WITHIN 1,000 FEET FOR LAND PLANES; 
(B) WITHIN 60 SECONDS IN CALM AIR FOR SEA

PLANES. 
4A.674 Climb. THE AVERAGE RATE OF CLIMB 

FOR THE FIRST MINUTE AFTER THE AIRPLANE LEAVES 
THE TAKEOFF SURFACE IN ACCORDANCE WITH SEC
TION 4A.673, AND THE RATE OF STEADY CLIMB AT 
SEA LEVEL WITH NOT MORE THAN MAXIMUM-
EXCEPT-TAKEOFF POWER, SHALL NOT BE LESS IN FEET 
PER MINUTE THAN: 

(A) Land planes. EIGHT TIMES THE MEA
SURED POWER-OFF STALLING SPEED IN MILES PER 
HOUR WITH THE FLAPS AND LANDING GEAR RE
TRACTED, OR 300 FEET PER MINUTE, WHICHEVER IS 
GREATER; 

(B) Sea planes. SIX TIMES THE MEASURED 
POWER-OFF STALLING SPEED IN MILES PER HOUR 
WITH THE FLAPS RETRACTED, OR 250 FEET PER MIN
UTE, WHICHEVER IS GREATER. 

4A.675 Controllability and maneuverabil
ity. ALL AIRPLANES SHALL BE CONTROLLABLE AND 
MANEUVERABLE UNDER ALL POWER CONDITIONS 
AND AT ALL FLYING SPEEDS BETWEEN MINIMUM 
FLYING SPEED AND THE MAXIMUM CERTIFIED 
SPEED. ALL AIRPLANES SHALL HAVE CONTROL ADE
QUATE FOR AN AVERAGE LANDING AT MINIMUM 
LANDING SPEED WITH POWER OFF. 

4A.676 Controllability at the stall. WITH 
POWER OFF AND WITH 75 PERCENT MAXIMUM-
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EXCEPT-TAKEOFF POWER, WITH FLAPS AND LAND
ING GEAR IN ANY POSITION, THE AIRPLANE SHALL 
HAVE SUFFICIENT DIRECTIONAL AND LATERAL CON
TROL SO THAT WHEN THE AIRPLANE IS STALLED, THE 
DOWNWARD PITCHING MOTION FOLLOWING THE 
STALL SHALL OCCUR PRIOR TO ANY UNCONTROLLABLE 
ROLL OR YAW. ANY SUCH PITCHING MOTION SHALL 
NOT BE EXCESSIVE AND RECOVERY TO NORMAL 
FLIGHT SHALL BE POSSIBLE BY NORMAL USE OF THE 
CONTROLS AFTER THE PITCHING MOTION IS UNMIS
TAKABLY DEVELOPED, WITHOUT EXCESSIVE LOSS OF 
ALTITUDE. 

4A.677 Balance. AS USED IN THE REGULA
TIONS IN THIS PART THE TERM "BALANCED" REFERS 
TO STEADY FLIGHT IN CALM AIR WITHOUT EXERTION 
OF CONTROL FORCE BY THE PILOT OR AUTOMATIC 
PILOT. LATERAL AND DIRECTIONAL BALANCE IS RE
QUIRED AT CRUISING SPEED WHICH FOR THIS PUR
POSE SHALL BE TAKEN AS 90 PERCENT OF THE HIGH 
SPEED IN LEVEL FLIGHT. LONGITUDINAL BALANCE 
IS REQUIRED UNDER THE FOLLOWING FLIGHT 
CONDITIONS: 

(A) Power on. IN LEVEL FLIGHT, AT ALL 
SPEEDS BETWEEN CRUISING SPEED AND A SPEED OF 
20 PERCENT IN EXCESS OF STALLING SPEED. IN 
A CLIMB, AT MAXIMUM (EXCEPT TAKEOFF) HORSE
POWER AND A SPEED 20 PERCENT IN EXCESS OF 
STALLING SPEED. 

(B) Power off. IN A GLIDE, AT A SPEED NOT 
IN EXCESS OF 140 PERCENT OF THE MAXIMUM PER
MISSIBLE LANDING SPEED OR THE PLACARD SPEED 
WITH FLAPS EXTENDED, WHICHEVER IS LOWER, 
UNDER THE FORWARD CENTER OF GRAVITY POSI
TION APPROVED WITH MAXIMUM AUTHORIZED 
LOAD AND UNDER THE MOST FORWARD CENTER OF 
GRAVITY POSITION APPROVED, REGARDLESS OF 
WEIGHT. 

4A.<>78 Stability. UNDER ALL POWER CONDI
TIONS ALL AIRPLANES SHALL BE LONGITUDINALLY, 
LATERALLY, AND DIRECTIONALLY STABLE. AN AIR
PLANE WILL BE CONSIDERED TO BE LONGITUDINALLY 
STABLE IF, IN STABILITY TESTS, THE AMPLITUDE OF 
THE OSCILLATIONS DECREASES. 

4A.679 Spinning. (NOT APPLICABLE TO AIR
PLANES CERTIFICATED IN THE TRANSPORT CATE
GORY). AT ANY PERMISSIBLE COMBINATION OF 
WEIGHT AND CENTER OF GRAVITY POSITION OBTAIN
ABLE WITH ALL OR PART OF THE DESIGN USEFUL 
LOAD, THERE SHALL BE NO EXCESSIVE REVERSAL OF 

CONTROL FORCES DURING ANY POSSIBLE SPINNING 
UP TO 6 TURNS. IT SHALL BE POSSIBLE PROMPTLY 
TO RECOVER AT ANY POINT IN THE SPINNING DE
SCRIBED ABOVE BY USING THE CONTROLS IN A NOR
MAL MANNER FOR THAT PURPOSE AND WITHOUT 
EXCEEDING EITHER THE LIMITING AIR SPEED OR THE 
LIMIT DESIGN NORMAL ACCELERATION FOR THE AIR
PLANE. IT SHALL NOT BE POSSIBLE TO OBTAIN UN
CONTROLLABLE SPINS BY MEANS OF ANY POSSIBLE 
USE OF THE CONTROLS: Provided, THAT COMPLI
ANCE WITH THE FOREGOING REQUIREMENTS WITH 
RESPECT TO SPINNING SHALL NOT BE REQUIRED FOR 
THOSE AIRPLANES: 

(A) PERMANENTLY PLACARDED "INTENTIONAL 
SPINNING PROHIBITED"; OR 

(B) DEMONSTRATED TO THE SATISFACTION OF 
THE ADMINISTRATOR TO BE CHARACTERISTICALLY IN
CAPABLE OF SPINNING. 

4A.680 Flutter and vibration. WINGS, TAIL 
SURFACES, CONTROL SURFACES, AND PRIMARY 
STRUCTURAL PARTS SHALL BE FREE FROM FLUTTER 
OR OBJECTIONABLE VIBRATION IN ALL NORMAL ATTI
TUDES OR CONDITIONS OF FLIGHT BETWEEN THE 
MINIMUM FLYING SPEED AND THE MAXIMUM IN
DICATED AIR SPEED ATTAINED IN OFFICIAL FLIGHT 
TESTS (SEE SEC. 4A.708). 

4A.681-T Flutter and vibration. ALL 
PARTS OF TRANSPORT CATEGORY AIRPLANES SHALL 
BE FREE FROM FLUTTER OR EXCESSIVE VIBRATION 
UNDER ALL SPEED AND POWER CONDITIONS APPRO
PRIATE TO THE OPERATION OF THE AIRPLANE DUR
ING TAKE-OFF, CLIMB, LEVEL FLIGHT, AND LANDING, 
AND DURING GLIDE AT SPEEDS UP TO THE MAXI
M U M INDICATED AIR SPEED ATTAINED DURING OFFI
CIAL FLIGHT TESTS (SEE SEC. 4A.708).. THERE 
SHALL BE NO APPRECIABLE BUFFETING FOR ANY FLAP 
POSITION AT ANY SPEED IN EXCESS OF 10 MILES 
PER HOUR ABOVE STALLING SPEED FOR SUCH POSI
TION NOR SHALL BUFFETING AT LOWER SPEEDS BE 
SO VIOLENT AS TO INTERFERE WITH THE PILOT'S CON
TROL OF THE AIRPLANE OR CAUSE DISCOMFORT TO 
ITS OCCUPANTS. 

4A.682 Ground and water characteristics. 
LANDPLANES SHALL BE MANEUVERABLE ON THE 
GROUND AND SHALL BE FREE FROM DANGEROUS 
GROUND LOOPING TENDENCIES AND OBJECTIONABLE 
TAXYING CHARACTERISTICS. THE SEAWORTHINESS 
AND HANDLING CHARACTERISTICS OF SEAPLANES 
AND AMPHIBIANS SHALL BE DEMONSTRATED BY 
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TESTS DEEMED APPROPRIATE BY THE ADMINIS
TRATOR. 

Cross Reference: For water stability requirements, 
see sec 4a.491. 

MODIFIED PERFORMANCE REQUIREMENTS 

4A.687 Modified performance require
ments for multiengine airplanes not certifi
cated in the transpo rt category. THE WEIGHT 
OF ANY MULTIENGINE AIRPLANE MANUFACTURED 
PURSUANT TO A TYPE CERTIFICATE ISSUED PRIOR 
TO JANUARY 1,1941, MAY BE INCREASED BEYOND 
THE VALUES CORRESPONDING TO THE LANDING 
SPEED SPECIFIED IN SECTION 4A.672 AND TAKEOFF 
REQUIREMENTS OF SECTION 4A.673, SUBJECT TO THE 
FOLLOWING CONDITIONS: 

(A) THE INCREASED WEIGHT SHALL BE KNOWN 
AS THE PROVISIONAL WEIGHT (SEC. 4A.37 (E)). 
THE STANDARD WEIGHT (SEC. 4A.37(D)) SHALL 
BE THE MAXIMUM PERMISSIBLE WEIGHT FOR 
LANDING. THE PROVISIONAL WEIGHT SHALL BE 
THE MAXIMUM PERMISSIBLE WEIGHT FOR TAKE
OFF. 

(B) COMPLIANCE WITH ALL THE AIRWORTHINESS 
REQUIREMENTS EXCEPT LANDING SPEED AND TAKE
OFF IS REQUIRED AT THE PROVISIONAL WEIGHT, EX
CEPT THAT THE PROVISIONAL WEIGHT MAY EXCEED 
THE DESIGN WEIGHT ON WHICH THE STRUCTURAL 
LOADS FOR THE LANDING CONDITIONS ARE BASED 
BY AN AMOUNT NOT GREATER THAN 15 PERCENT: 
Provided, THAT THE AIRPLANE IS SHOWN TO BE 
CAPABLE OF SAFELY WITHSTANDING THE GROUND 
OR WATER SHOCK LOADS INCIDENT TO TAKING OFF 
AT THE PROVISIONAL WEIGHT. 

(C) THE AIRPLANE SHALL BE PROVIDED WITH 
SUITABLE MEANS FOR THE RAPID AND SAFE DIS
CHARGE OF A QUANTITY OF FUEL SUFFICIENT TO RE
DUCE ITS WEIGHT FROM THE PROVISIONAL WEIGHT 
TO THE STANDARD WEIGHT. 

(D) IN NO CASE SHALL THE PROVISIONAL WEIGHT 
EXCEED A VALUE CORRESPONDING TO A LANDING 
SPEED OF 5 MILES PER HOUR IN EXCESS OF THAT 
SPECIFIED IN SECTION 4A.672, A TAKEOFF DISTANCE 
OF 1,500 FEET IN THE CASE OF LANDPLANES, OR A 
TAKEOFF TIME OF 60 SECONDS IN THE CASE OF SEA
PLANES; NOR SHALL ANY PROVISIONAL WEIGHT 
AUTHORIZED IN RESPECT TO ANY TYPE OF AIRPLANE 
AFTER JANUARY 1, 1945, EXCEED THE VALUE COR
RESPONDING TO A RATE OF CLIMB OF AT LEAST 180 
FEET PER MINUTE AT AN ALTITUDE OF 5,000 FEET 

WITH THE CRITICAL ENGINE INOPERATIVE, ITS PRO
PELLER WINDMILLING WITH THE PROPELLER CON
TROL IN A POSITION WHICH WOULD ALLOW THE EN
GINE (IF OPERATING NORMALLY AND WITHIN AP
PROVED LIMITS) TO DEVELOP AT LEAST 50 PERCENT 
OF MAXIMUM-EXCEPT-TAKEOFF ENGINE SPEED, ALL 
OTHER ENGINES OPERATING AT THE TAKEOFF POWER 
AVAILABLE AT SUCH ALTITUDE, THE LANDING GEAR 
RETRACTED, CENTER OF GRAVITY IN THE MOST UN
FAVORABLE POSITION PERMITTED FOR TAKEOFF, AND 
THE FLAPS IN THE TAKEOFF POSITION. 

PERFORMANCE TESTS 

4A.701 General. COMPLIANCE WITH THE PER
FORMANCE REQUIREMENTS IN SECTIONS 4A.671 
THROUGH 4A.687 SHALL BE DEMONSTRATED BY 
MEANS OF SUITABLE FLIGHT TESTS OF THE TYPE AIR
PLANE. COMPUTATIONS MAY BE USED TO ESTI
MATE THE EFFECTS OF MINOR CHANGES. ADDI
TIONAL INFORMATION CONCERNING THE PERFORM
ANCE CHARACTERISTICS OF AIR CARRIER AIRPLANES 
IS SPECIFIED IN SECTION 4A.717. SUCH CHARAC
TERISTICS SHALL BE DETERMINED BY DIRECT FLIGHT 
TESTING, OR BY METHODS COMBINING BASIC FLIGHT 
TESTS AND CALCULATIONS. ALL PERFORMANCE 
CHARACTERISTICS SHALL BE CORRECTED TO STANDARD 
ATMOSPHERIC CONDITIONS AND ZERO WIND. 
METHODS OF PERFORMANCE CALCULATION AND COR
RECTION EMPLOYED SHALL BE SUBJECT TO THE AP
PROVAL OF THE ADMINISTRATOR. 

4A.702 Flight test pilot. 
(A) THE APPLICANT SHALL PROVIDE A PERSON 

HOLDING AN APPROPRIATE COMMERCIAL PILOT CER
TIFICATE TO MAKE THE FLIGHT TESTS, BUT A DESIG
NATED INSPECTOR OF THE ADMINISTRATOR MAY 
PILOT THE AIRPLANE DURING SUCH PARTS OF THE 
TESTS AS HE MAY DEEM ADVISABLE. 

(B) IN THE EVENT THAT THE APPLICANT'S TEST 
PILOT IS UNABLE OR UNWILLING TO CONDUCT ANY 
OF THE REQUIRED FLIGHT TESTS, THE TESTS SHALL BE 
DISCONTINUED UNTIL THE APPLICANT FURNISHES A 
COMPETENT PILOT. 

4A.703 Parachutes. PARACHUTES SHALL BE 
WORN BY MEMBERS OF THE CREW DURING THE 
FLIGHT TESTS. 

4A.704 Reports. THE APPLICANT SHALL SUB
MIT TO THE INSPECTOR OF THE ADMINISTRATOR A 
REPORT COVERING ALL COMPUTATIONS AND TESTS 
REQUIRED IN CONNECTION WITH CALIBRATION OF 
FLIGHT INSTRUMENTS AND CORRECTION OF TESTS RE-
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suits to standard atmospheric conditions. 
The inspector will conduct any flight tests 
which appear to him to be necessary in order 
to check the calibration and correction re
port or to determine the airworthiness of the 
airplane. 

4a.705 Loading conditions. The loading 
conditions used in performance tests shall 
be such as to cover the range of loads and 
center of gravity positions for which the air
plane is to be certificated. 

4a.706 Use of ballast. Ballast may be 
used to enable airplanes to comply with the 
flight requirements as to longitudinal sta
bility, balance, and landing in accordance 
with the following provisions: 

(a) Ballast shall not be used for this pur
pose in airplanes having a gross weight of 
less than 5,000 pounds nor in airplanes with 
a total seating capacity of less than seven 
persons. 

(b ) The place or places for carrying bal
last shall be properly designed and installed 
and plainly marked. 

(c ) The loading schedule which will ac
company each certificate issued for an air
plane requiring special loading of this type 
shall be conspicuously posted in either the 
pilot compartment or in or adjacent to the 
ballast compartments, and strict compliance 
therewith will be required of the airplane 
operator. 

4a.707 Fuel to be carried. When low fuel 
adversely affects balance or stability, the air
plane shall be so tested as to simulate the 
condition existing when the amount of fuel 
on board does not exceed 1 gallon for every 
12 maximum (except takeoff) horsepower o f 
the engine or engines installed thereon. 
When the engine is limited to a lower power, 
the latter shall be used in computing low 
fuel. 

4a.708 Maximum air speed. The flight 
tests shall include steady flight in relatively 
smooth air at the design gliding speed (Vs) 
for which compliance with the structural 
loading requirements (sees. 4a.72 through 
4a.99) has been proved, except that they need 
not involve speeds in excess o f 1.33 VL (sec. 
4a.40(c)) : Provided, That the operation lim

its are correspondingly fixed (see sec. 4a.726). 
When high-lift devices having nonautomatic 
operation are employed, the tests shall also 
include steady flight at the design flap speed 
Vt (sec. 4a.40(f)), except that they need not 
involve speeds in excess of 2 V,f (see sec. 
4a.40(e)). In cases where the high-lift de
vices are automatically operated, the tests 
shall coyer the range o f speeds within which 
the devices are operative. 

4a.709 One-engine-inoperative perform
ance. Multiengine airplanes shall be flight 
tested at such altitudes and weights as are 
necessary, in the opinion of the Administra
tor, to prepare accurate data to show climb
ing performance within the range of weight 
for which certification is sought, with the 
critical engine inoperative and each other 
engine operating at not more than maximum-
except-takeoff power. Such data when ap
proved by the Administrator shall be kept 
in the airplane at all times during flight in 
a place conveniently accessible to the pilot. 

4a.710 Air-speed indicator calibration. 
In accordance with section 4a.559, the air
speed indicator of the type airplane shall 
be calibrated in flight. The method of cali
bration used shall be subject to the approval 
of the Administrator. 

4a.711 Check of fuel system. The opera
tion of the fuel system shall be checked in 
flight to determine its effectiveness under 
low fuel conditions and after changing from 
one supply tank to another. (See sec. 
4a.605.) For such test low fuel is defined 
as approximately 15 minutes supply in each 
tank tested, at the maximum-except-take-off 
power certified. 

A i r Carrier Aircraf t P e r f o r m a n c e 
Characteristics 

4a.717 Performance characteristics of air 
carrier aircraft. No air carrier shall oper
ate aircraft in scheduled air transportation 
unless data shall have been submitted to and 
approved by the Administrator, covering the 
determination of such performance charac
teristics, in addition to those specified in sec
tions 4a.671-4a.711, as are, in the opinion of 
the Administrator, necessary to determine 

http://4a.671-4a.711
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the ability of such aircraft to safely perform 
the type o f operation which the air carrier 
proposes to conduct. The method used for 
the determination o f such ability shall be 
subject to the approval of the Administrator. 

Operation Limitations 
4a.723 Weight. Non-air carrier airplanes 

may be certificated at a maximum authorized 
weight which is not sufficient to permit car
rying simultaneously the full fuel and full 
pay load, provided that such weight shall be 
sufficient to provide a gasoline load o f at 
least 0.15 gallon per certified maximum (ex
cept takeoff) horsepower, with all seats occu
pied and with sufficient oil for this amount 
of fuel. 

4a.723-l New production aircraft—empty 
weight and e.g. determination (FAA policies 
which apply to § ia.723). See § 4a.725-l. 

[Supp. 5,14 F.'R. €282, Oct. 15,1949] 

4a,724 Provisional weight (air carrier air
planes). (See sec. 4a,687.) 

4a.725 Center of gravity limitations. The 
maximum variation in the location o f the 
center of gravity for which the airplane is 
certificated to be airworthy shall be estab
lished. Means shall be provided, when nec
essary in the opinion o f the Administrator, 
by which the operator is suitably informed 
of the permissible loading conditions which 
result in a center o f gravity within the certi
fied range. 

4a.725-l New production aircraft—empty 
weight and e.g. determination (FAA policies 
which apply to sec. 4a.72b~) 

(a) Purpose. The purpose of this section is 
to provide a procedure which will permit manu
facturers of new aircraft, as described in para
graph (b) of this section to establish an average 
empty weight and empty eg . for such aircraft, 
thus avoiding the necessity of weighing each 
aircraft. 

(b) Coverage. Aircraft to which the proce
dure outlined in this section may be applied are 
those which are newly manufactured in accord
ance with requirements contained in this part 
and Part 3 of this subchapter (except trans
port category aircraft), and which are produced 
under the terms of a production certificate. 

(c) Procedure. Manufacturers producing 
aircraft in accordance with the requirements 
prescribed in paragraph (b) of this section who 
are interested in establishing an average empty 
weight and empty e.g. in lieu of actually 
weighing each aircraft, should prepare and for
ward through the local Aviation Safety Agent 
to the Chief, Manufacturing Inspection Branch, 
for coordination and approval, a detailed pro
posal regarding the procedure to be followed 
in establishing the system outlined in this sec
tion. Any proposal submitted by a manufac
turer which can be shown to achieve the objec
tive of the present requirements applying to 
weight and balance control; i.e., an accurate de
termination of average empty weight and 
empty e.g., will be considered acceptable. 

(d) Example. The following example out
lines an acceptable method for effecting this 
system: 

(1) Actually weigh and determine empty 
e.g. of 5 to 10 aircraft of a particular model, 
which have comparatively identical equipment 
installed, to determine the average weight and 
e g . 

(2) Weigh an individual aircraft at regu
lar intervals; e.g., each tenth aircraft, as circum
stances and conditions may warrant, for the pur
pose of determining continued accuracy of the 
inital empty weight and e g . established. 

(3) When the spot checking, as prescribed 
in subparagraph (2) of this paragraph, indi
cates a variation in weight in excess of 1 percent 
of the initially established empty weight and/or 
a variation in the empty weight e.g. in excess of 
y2 percent of the M A C , a new average should 
be established in accordance with subparagraph 
(1) of this paragraph. 

(4) Inasmuch as a weight and balance re
port is required in connection with each air
craft presented for certification, these reports 
may be computed for aircraft which are not ac
tually weighed. Such reports should be 
marked "computed" for those aircraft which are 
not actually weighed, and other reports will 
be marked "actual." 

[Supp. 5,14 F.B. 6282, Oct. 15,1949] 

4a.726 Air-speed limitations. Maximum 
operation limitations will be incorporated in 
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the aircraft certificate and will specify the 
indicated air speeds which shall not be ex
ceeded in level and climbing flight (sec. 
4a.40(c)), in gliding and diving flight, and 
with flaps extended. The values in gliding 
flight and with flaps extended will be 10 per
cent less than the corresponding maximum 
air speeds attained in flight tests in accord
ance with sec. 4a.708. 

4a.727 Powerplant limitations. Maxi
mum operational limitations will be incor
porated in the aircraft certificate and will 
specify powerplant outputs on takeoff (sec. 
4a.l87), in climbing flight, and for all opera
tions other than takeoff and climbing flight 
(sec. 4a.38(b)). The output, except for take
off, shall not exceed that corresponding to 
the maximum (except takeoff) rating of the 
engine installed. For the above purposes no 
specified output will be in excess of that cor
responding to the limits imposed by either 
the pertinent engine or propeller certifica
tion (see sees. 4a.25 and 4a.26). 

Transport Category Airplane Perform
ance Requirements 

4a.737-T Performance requirements for 
transport category airplanes. The follow
ing requirements shall apply in place of sec
tions 4a.672-4a.679. 

4a.738-T Minimum requirements for cer
tification. 

(a) An airplane may be certificated under 
the provisions of section 4a.737-T upon there 
having been established, in accordance with 
the terms of that section: 

(1) A maximum takeoff weight at sea 
level; 

(2) A maximum landing weight at sea 
level; 

(3) A maximum one-engine-inoperative 
operating altitude (as defined in sec. 4a.741-
T ) , which shall be at least 5,000 feet at a 
weight equal to the maximum sea level take
off weight; 

(4) Takeoff characteristics at maximum 
sea level takeoff weight, and landing char
acteristics at maximum sea level landing 

weight, in accordance with the provisions of 
sections 4a.747-T and 4a.750-T, and 

(5) Compliance with the requirements 
of all other applicable parts of the regu
lations of this part. 

(b) If a certificate is issued under these 
conditions, it may be amended from time 
to time to include landing and takeoff 
weights over an increased range of altitudes 
and other pertinent performance data, in
cluding additional landing and takeoff char
acteristics obtained in accordance with the 
provisions of sections 4a.747-T and 4a.750-T. 

Definitions 
4a.739-T Stalling speeds. In sections 

4a.737-T through 4a.760-T: 
(a ) VSo denotes the true indicated stalling 

speed of the airplane in miles per hour with 
engines idling, throttles closed, propellers in 
low pitch, landing gear extended, flaps in the 
"landing position", as defined in section 
4a.740-T, cowl flaps closed, center of gravity 
in the most unfavorable position within the 
allowable landing range, and the weight o f 
the airplane equal to the weight in connec
tion with which VSo is being used as a fac
tor to determine a required performance. 

(b ) F S ] denotes the true indicated stall
ing speed in miles per hour with engines 
idling, throttles closed, propellers in low 
pitch, and with the airplane in all other re
spects (flaps, landing gear, etc.) in the con
dition existing in the particular test in 
connection with which VSl is being used. 

4a.740-T Flap positions. The flap posi
tions denoted respectively as the landing po
sition, approach position, and takeoff posi
tion are those provided for in section 
4a.464-T, and may be made variable with 
weight and altitude in accordance with that 
section. 

4a.741-T Maximum one-engine-inopera
tive operating altitude. Maximum one-
engine-inoperative operating altitude (to be 
determined in complying with section 4a.709) 
shall be the altitude in standard air at which 
the steady rate of climb in feet per minute 
is 0.02 F, 0

2 with the critical engine inopera-

http://4a.672-4a.679
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TIVE, ITS PROPELLER STOPPED, ALL OTHER ENGINES 
OPERATING AT THE MAXIMUM-EXCEPT-TAKEOFF 
POWER AVAILABLE AT SUCH ALTITUDE, THE LANDING 
GEAR RETRACTED, AND THE FLAPS IN THE MOST FA
VORABLE POSITION. 

Weights 
4A.742-T Weights. THE MAXIMUM TAKEOFF 

WEIGHT AND MAXIMUM LANDING WEIGHT SHALL 
BE ESTABLISHED BY THE APPLICANT AND MAY BE 
MADE VARIABLE WITH ALTITUDE. THE MAXIMUM 
TAKEOFF WEIGHT FOR ANY ALTITUDE SHALL NOT EX
CEED THE MAXIMUM DESIGN WEIGHT USED IN THE 
STRUCTURAL LOADING CONDITIONS FOR FLIGHT LOADS 
(SEES. 4A.72-4A.99), AND SHALL NOT EXCEED THE 
DESIGN WEIGHT USED IN THE STRUCTURAL LOADING 
CONDITIONS FOR GROUND OR WATER LOADS (SEES. 
4A.147-4A.156 AND SEES. 4A.161-4A.177, RESPEC
TIVELY) BY A RATIO OF MORE THAN 1.15. THE 
MAXIMUM LANDING WEIGHT FOR ANY ALTITUDE 
SHALL NOT EXCEED THE DESIGN WEIGHT USED IN 
THE STRUCTURAL LOADING CONDITIONS FOR GROUND 
OR WATER LOADS. 

4A.743-T Fuel dumping provisions, (A) 
IF THE MAXIMUM TAKE-OFF WEIGHT FOR ANY ALTI
TUDE EXCEEDS THE MAXIMUM LANDING WEIGHT 
FOR THE SAME ALTITUDE, ADEQUATE PROVISION 
SHALL BE MADE, IN ACCORDANCE WITH SUBPART 
G, FOR THE RAPID AND SAFE DUMPING DURING 
FLIGHT OF A QUANTITY OF FUEL SUFFICIENT TO RE
DUCE THE WEIGHT OF THE AIRPLANE FROM SUCH 
MAXIMUM TAKE-OFF WEIGHT TO SUCH MAXIMUM 
LANDING WEIGHT. COMPLIANCE WITH THIS SEC
TION SHALL BE SHOWN BY DUMPING SUITABLE COL
ORED FLUIDS AND FUEL IN FLIGHT TESTS IN THE FOL
LOWING CONDITIONS: 

(1) LEVEL FLIGHT AT A SPEED OF 2.0 V,u 

(2) CLIMB AT A SPEED OF 1.4 VSi WITH 75 
PERCENT OF MAXIMUM-EXEEPT-TAKE-OFF POWER, 

(3) GLIDE WITH POWER OFF AT A SPEED OF 
1.4 Vtl. 

(B) IN CONDITIONS (A) (1) AND (2), THE 
TIME REQUIRED TO DUMP THE NECESSARY AMOUNT 
OF FUEL SHALL NOT EXCEED 10 MINUTES. DURING 
SUCH TESTS, THE DUMPED FLUID SHALL NOT COME 
IN CONTACT WITH ANY PORTION OF THE AIRCRAFT 
OR ADVERSELY AFFECT ITS CONTROL, NOR SHALL ANY 
FUMES FROM SUCH FLUID ENTER ANY PORTION OF 
THE AIRCRAFT. 

PERFORMANCE REQUIREMENTS AND 
DETERMINATIONS 

4A.744-T Required performance and per
formance determinations. PERFORMANCE 
DATA SHALL BE CORRECTED TO STANDARD ATMOS
PHERE AND STILL AIR WHERE SUCH CORRECTIONS 
ARE APPLICABLE. PERFORMANCE DATA MAY BE 
DETERMINED BY CALCULATION FROM BASIC FLIGHT 
TESTS IF THE RESULTS OF SUCH CALCULATION ARE 
SUBSTANTIALLY EQUAL IN ACCURACY TO THE RESULTS 
OF DIRECT TESTS. 

4A.745-T Stalling speed requirements. 
(A) V„0 AT MAXIMUM LANDING WEIGHT SHALL 

NOT EXCEED 80 MILES PER HOUR. 
(B) VSl AT MAXIMUM LANDING WEIGHT, FLAPS 

IN THE APPROACH POSITION, LANDING GEAR EX
TENDED, AND CENTER OF GRAVITY IN THE MOST UN
FAVORABLE POSITION PERMITTED FOR LANDING, 
SHALL NOT EXCEED 85 MILES PER HOUR. 

4A.746-T Climb requirements. IN THE 
CLIMB TESTS REQUIRED BY THIS SECTION, THE EN
GINE COWL FLAPS, OR OTHER MEANS OF CONTROLLING 
THE ENGINE COOLING AIR SUPPLY, SHALL BE IN A 
POSITION WHICH WILL PROVIDE ADEQUATE COOL
ING WITH MAXIMUM-EXCEPT-TAKE-OFF POWER AT 
BEST CLIMBING SPEED UNDER STANDARD ATMOS
PHERIC CONDITIONS. 

(A) Flaps in landing position. THE STEADY 
RATE OF CLIMB IN FEET PER MINUTE, AT ANY ALTI
TUDE WITHIN THE RANGE FOR WHICH LANDING 
WEIGHT IS TO BE SPECIFIED IN THE CERTIFICATE, 
WITH THE WEIGHT EQUAL TO MAXIMUM LANDING 
WEIGHT FOR THAT ALTITUDE, ALL ENGINES OPERAT
ING AT THE TAKE-OFF POWER AVAILABLE AT SUCH 
ALTITUDE, LANDING GEAR EXTENDED, CENTER OF 
GRAVITY IN THE MOST UNFAVORABLE POSITION PER
MITTED FOR LANDING, AND FLAPS IN THE LANDING 
POSITION, SHALL BE AT LEAST 0.07 Vso-. 

(B) Flaps in approach position. THE 
STEADY RATE OF CLIMB IN FEET PER MINUTE, AT 
ANY ALTITUDE WITHIN THE RANGE FOR WHICH LAND
ING WEIGHT IS TO BE SPECIFIED IN THE CERTIFI
CATE, WITH THE WEIGHT EQUAL TO MAXIMUM 
LANDING WEIGHT FOR THAT ALTITUDE, THE CRITI
CAL ENGINE INOPERATIVE, ITS PROPELLER STOPPED, 
ALL OTHER ENGINES OPERATING AT THE TAKE-OFF 
POWER AVAILABLE AT SUCH ALTITUDE, THE LAND
ING GEAR RETRACTED, CENTER OF GRAVITY IN THE 
MOST UNFAVORABLE POSITION PERMITTED FOR 
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LANDING, AND THE FLAPS IN THE APPROACH POSI
TION, SHALL BE AT LEAST 0.04 Ve*. 

(C) Flaps in takeoff position. THE STEADY 
RATE OF CLIMB IN FEET PER MINUTE, AT ANY AL
TITUDE WITHIN THE RANGE FOR WHICH TAKE-OFF 
WEIGHT IS TO BE SPECIFIED IN THE CERTIFICATE, 
WITH THE WEIGHT EQUAL TO MAXIMUM TAKEOFF 
WEIGHT FOR THAT ALTITUDE, THE SPEED EQUAL TO 
THE MINIMUM TAKEOFF CLIMB SPEED PERMITTED 
IN SECTION 4A.748-T(B), THE CRITICAL ENGINE IN
OPERATIVE, ITS PROPELLER WINDMILLING WITH THE 
PROPELLER CONTROL IN A POSITION WHICH WOULD 
ALLOW THE ENGINE (IF OPERATING NORMALLY AND 
WITHIN APPROVED LIMITS) TO DEVELOP AT LEAST 
50 PERCENT OF MAXIMUM-EXCEPT-TAKE-OFF EN
GINE SPEED, ALL OTHER ENGINES OPERATING AT THE 
TAKEOFF POWER AVAILABLE AT SUCH ALTITUDE, THE 
LANDING GEAR RETRACTED, CENTER OF GRAVITY IN 
THE MOST UNFAVORABLE POSITION PERMITTED FOR 
TAKEOFF, AND THE FLAPS IN THE TAKEOFF POSITION, 
SHALL BE AT LEAST 0.035 VH

2. 

4A.747-T Takeoff determination. THE 
TAKEOFF DATA SET FORTH IN SECTIONS 4A.748-T 
AND 4A.749-T SHALL BE DETERMINED OVER SUCH 
RANGE OF WEIGHTS AND ALTITUDES AS THE APPLI
CANT MAY DESIRE, WITH A CONSTANT TAKEOFF FLAP 
POSITIT>%F OR A PARTICULAR WEIGHT AND ALTITUDE, 
AND WITH THE OPERATING ENGINES AT NOT MORE 
THAN THE TAKEOFF POWER AVAILABLE AT THE PAR
TICULAR ALTITUDE. THESE DATA SHALL BE BASED 
ON A LEVEL TAKEOFF SURFACE WITH ZERO WIND. 

4A.748-T Speeds. 
(A) Critical-engine-failure speed, DENOTED 

BY Vi, IS A TRUE INDICATED AIR SPEED, CHOSEN 
BY THE APPLICANT, BUT IN ANY CASE NOT LESS 
THAN THE MINIMUM SPEED AT WHICH THE CON
TROLLABILITY IS ADEQUATE TO PROCEED SAFELY 
WITH THE TAKEOFF, USING NORMAL PILOTING SKILL, 
WHEN THE CRITICAL ENGINE IS SUDDENLY MADE 
INOPERATIVE. 

(B) Minimum takeoff climb speed, DENOTEA 
BY Vit IS A TRUE INDICATED AIR SPEED CHOSEN 
BY THE APPLICANT, WHICH SHALL PERMIT THE RATE 
OF CLIMB REQUIRED IN SECTION 4A.746-T(C) BUT 
WHICH SHALL NOT BE LESS THAN 1.20 VSl FOR TWO-
ENGINED AIRPLANES, OR 1.15 VH FOR AIRPLANES 
HAVING MORE THAN TWO ENGINES, OR LESS THAN 
1.10 TIMES THE MINIMUM SPEED AT WHICH THE 
AIRPLANE IS FULLY CONTROLLABLE IN FLIGHT USING 

NORMAL PILOTING SKILL WHEN THE CRITICAL EN
GINE IS SUDDENLY MADE INOPERATIVE. 

4A.749-T Takeoff path. THE LENGTHS AND 
SLOPES OF SEGMENTS OF THE TAKEOFF PATH, AND 
THE LOCATION OF CRITICAL POINTS ON THE COM
PLETE PATH SHALL BE DETERMINED IN ACCORDANCE 
WITH THE FOLLOWING CONDITIONS AND ASSUMP
TIONS. THE LOCATION OF THE POINTS DEFINED IN 
PARAGRAPHS (A) TO (E) OF THIS SECTION SHALL 
BE EXPRESSED IN TERMS OF THE HORIZONTAL AND 
VERTICAL DISTANCES FROM THE STARTING POINT. 

(A) Starting point. THE POINT FROM WHICH 
A STANDING START IS MADE WITH ALL ENGINES 
OPERATING. 

(B) Critical-engine-failure point. THE 
POINT AT WHICH THE AIRPLANE ATTAINS SPEED FI 
(CRITICAL-ENGINE-FAILURE SPEED) WHEN ACCEL
ERATED FROM POINT (A) WITH ALL ENGINES 
OPERATING. 

(C) Acceterate-and-stop point. THE POINT 
ON THE TAKEOFF SURFACE AT WHICH THE AIRPLANE 
CAN BE BROUGHT SAFELY TO A STOP IF ALL ENGINES 
ARE CUT AT POINT (B). 

(D) Start-of-climb point. THE POINT ON OR 
JUST CLEAR OF THE TAKEOFF SURFACE AT WHICH 
THE AIRPLANE ATTAINS SPEED V2 (TAKEOFF CLIMB 
SPEED) WHEN THE CRITICAL ENGINE IS MADE IN
OPERATIVE WITH ITS PROPELLER WINDMILLING IN 
LOW PITCH AT POINT (B). 

THE TAKEOFF ACCELERATION SEGMENT, (A) TO 
(D) SHALL BE DETERMINED BY MAKING A CONTIN
UOUS RUN UP TO SPEED V2 WITH THE CRITICAL 
ENGINE CUT AT POINT (B). 

(E) Retraction-completion point. THE 
POINT AT WHICH LANDING GEAR RETRACTION IS 
COMPLETED WHEN RETRACTION IS INITIATED NOT 
EARLIER THAN POINT (D). 

(1) THE INITIAL CLIMB SEGMENT, (D) TO (E), 
SHALL BE ASSUMED TO CORRESPOND TO THE RATE 
OF CLIMB AT SPEED F 3 WITH LANDING GEAR EX
TENDED AND WINDMILLING PROPELLER IN LOW 
PITCH. 

(2) THE SECOND CLIMB SEGMENT, BEGIN
NING AT POINT (E), SHALL BE ASSUMED TO COR
RESPOND TO THE RATE OF CLIMB AT SPEED V2 WITH 
LANDING GEAR RETRACTED AND WINDMILLING PRO
PELLER IN HIGH PITCH, AS DEFINED IN SECTION 
4A.746-T (C). THIS SEGMENT MAY CONTINUE 
INDEFINITELY OR MAY END AT POINT (G) IN AC
CORDANCE WITH PARAGRAPH (G) OF THIS SECTION. 
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(F) 50-foot height point. THE POINT AT 
WHICH THE AIRPLANE ATTAINS A HEIGHT OF 50 FEET 
(ABOVE THE TAKEOFF SURFACE) ALONG THE TAKE
OFF FLIGHT PATH DEFINED HEREIN. 

(G) Feathering-completion point. THE 
POINT WHERE FEATHERING OR STOPPING OF THE IN
OPERATIVE PROPELLER IS COMPLETED, IF THE APPLI
CANT DESIRES TO INCLUDE THIS STEP IN THE TAKEOFF 
DETERMINATION. IT SHALL BE ASSUMED THAT THE 
DECISION TO FEATHER OR STOP IS MADE NOT EARLIER 
THAN THE INSTANT OF ATTAINING POINT (F). 

(1) IN THE EVENT THAT IT IS DESIRED TO IN
CLUDE PROPELLER FEATHERING OR STOPPING IN THE 
TAKEOFF PATH, THE FINAL CLIMB SEGMENT, BEGIN
NING AT POINT (G), SHALL BE ASSUMED TO CORRE
SPOND TO THE RATE OF CLIMB AT SPEED V% WITH 
LANDING GEAR RETRACTED AND THE PROPELLER OF 
THE INOPERATIVE ENGINE FEATHERED OR STOPPED. 

4A.749A-T Temperature accountability. 
OPERATING CORRECTION FACTORS FOR TAKEOFF 
WEIGHT AND TAKEOFF DISTANCE SHALL BE DETER
MINED TO ACCOUNT FOR TEMPERATURES ABOVE 
AND BELOW STANDARD, AND WHEN APPROVED BY 
THE ADMINISTRATOR SHALL BE INCLUDED IN THE 
AIRPLANE FLIGHT MANUAL. THESE factors 
SHALL BE OBTAINED AS SET FORTH IN PARAGRAPHS 
(A) AND (B) OF THIS SECTION. 

(A) FOR ANY SPECIFIC AIRPLANE TYPE, THE AV
ERAGE FULL TEMPERATURE ACCOUNTABILITY SHALL 
BE COMPUTED FOR THE RANGE OF WEIGHTS OF THE 
AIRPLANE, ALTITUDES ABOVE SEA LEVEL, AND AM
BIENT TEMPERATURES REQUIRED BY THE EXPECTED 
OPERATING CONDITIONS. ACCOUNT SHALL BE 
TAKEN OF THE TEMPERATURE EFFECT ON BOTH THE 
AERODYNAMIC CHARACTERISTICS OF THE AIRPLANE 
AND ON THE ENGINE POWER. THE FULL TEMPERA
TURE ACCOUNTABILITY SHALL BE EXPRESSED PER 
DEGREE OF TEMPERATURE IN TERMS OF A WEIGHT 
CORRECTION, A TAKEOFF DISTANCE CORRECTION, AND 
A CHANGE, IF ANY, IN THE CRITICAL ENGINE FAIL
URE SPEED Vx. 

(B) THE OPERATING CORRECTION FACTORS FOR 
THE AIRPLANE WEIGHT AND TAKEOFF DISTANCE 
SHALL BE AT LEAST ONE-HALF OF THE FULL ACCOUNT
ABILITY VALUES. THE VALUE OF Vr SHALL BE FUR
THER CORRECTED BY THE AVERAGE AMOUNT NEC
ESSARY TO ASSURE THAT THE AIRPLANE CAN STOP 
WITHIN THE RUNWAY LENGTH AT THE AMBIENT 

TEMPERATURE; EXCEPT THAT THE CORRECTED VALUE 
OF Vi SHALL NOT BE LESS THAN A MINIMUM AT 
WHICH THE AIRPLANE CAN BE CONTROLLED WITH 
THE CRITICAL ENGINE INOPERATIVE. 

4A.750-T Landing determination. T H E 
HORIZONTAL DISTANCE REQUIRED TO LAND AND 
COME TO A COMPLETE STOP FROM A POINT AT A 
HEIGHT OF 50 FEET ABOVE THE LANDING SURFACE 
SHALL BE DETERMINED FOR SUCH RANGE OF 
WEIGHTS AND ALTITUDES AS THE APPLICANT MAY 
DESIRE. IN MAKING THIS DETERMINATION: 

(A) IMMEDIATELY PRIOR TO REACHING THE 50-
FOOT ALTITUDE, A STEADY gUding APPROACH SHALL 
HAVE BEEN MAINTAINED, WITH A TRUE INDICATED 
AIR SPEED OF AT LEAST 1.3 VSo. 

(B) THE NOSE OF THE AIRPLANE SHALL NOT BE 
DEPRESSED, NOR THE POWER INCREASED, AFTER 
REACHING THE 50-FOOT ALTITUDE. AT ALL TIMES 
DURING AND IMMEDIATELY PRIOR TO THE LANDING, 
THE FLAPS SHALL BE IN THE LANDING POSITION, 
EXCEPT THAT AFTER THE AIRPLANE IS ON THE LAND
ING SURFACE AND THE TRUE INDICATED AIR SPEED 
HAS BEEN REDUCED TO NOT MORE THAN 0.9 F- 0 

THE FLAP POSITION MAY BE CHANGED. 
(C) THE OPERATING PRESSURES ON THE BRAK

ING SYSTEM SHALL NOT BE IN EXCESS OF THOSE 
APPROVED BY THE MANUFACTURER OF THE BRAKES. 

(D) THE BRAKES SHALL NOT BE USED IN SUCH 
MANNER AS TO PRODUCE EXCESSIVE WEAR OF 
BRAKES OR TIRES. 

(E) THE LANDING SHALL BE MADE IN SUCH 
MANNER THAT THERE IS NO EXCESSIVE VERTICAL 
ACCELERATION, NO TENDENCY TO BOUNCE, NOSE 
OVER, PORPOISE, GROUND LOOP, OR WATER LOOP, 
AND IN SUCH MANNER THAT ITS REPRODUCTION 
SHALL NOT REQUIRE ANY EXCEPTIONAL DEGREE OF 
SKILL ON THE PART OF THE PILOT, OR EXCEPTION
ALLY FAVORABLE CONDITIONS. IF THIS LAST CON
DITION (WITH RESPECT TO EXCEPTIONAL SKILL OR 
FAVORABLE CONDITIONS) IS NOT MET, THE DISTANCE 
TO BE DETERMINED SHALL BE THAT CONSIDERED TO 
CORRESPOND TO A PILOTING TECHNIQUE NORMALLY 
USABLE. 

Flight Characteristics 
4A.751-T Flight characteristics. THERE 

SHALL BE NO FLIGHT CHARACTERISTIC WHICH MAKES 
THE AIRPLANE UNAIRWORTHY. THE AIRPLANE 
SHALL ALSO MEET THE FOLLOWING REQUIREMENTS 
UNDER ALL CRITICAL LOADING CONDITIONS WITHIN 
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the range o f center o f gravity, and, except 
as provided in section 4a.753-T(d) at the 
maximum weight for which certification is 
sought. 

4a.752-T Controllability and maneuvera
bility. The airplane shall be controllable 
and maneuverable during takeoff, climb, 
level flight, glide, and landing, and it shall 
be possible to make a smooth transition from 
one flight condition to another, without re
quiring an exceptional degree of skill, alert
ness, or strength on the part of the pilot, 
under all conditions of operation probable 
for the type, including those conditions nor
mally encountered in the event of sudden 
failure of any engine. It shall be possible, 
with power off, with flaps either retracted or 
in the landing position, with the center of 
gravity in the most unfavorable location 
within the certificated range, and with the 
airplane trimmed for a speed of 1.4 F 8 ] , to 
change the flap position to the opposite ex
treme, to make a sudden application of take
off power on all engines, or to change the 
speed to any value between 1.10 Vn, and 1.70 
Vtl, without requiring a change in the trim 
control or the exertion of more control force 
than can readily be applied with one hand 
for a short period. It shall not be necessary 
to use exceptional piloting skill in order to 
prevent loss of altitude when flap retraction 
from any position is initiated during steady 
horizonal flight at 1.1. Vn, with simultane
ous application o f not more than maximum-
except-takeoff power. 

4a.753-T Trim. The means used for 
trimming the airplane shall be such that 
after being trimmed and without further 
pressure upon or movement of either the 
primary control or its corresponding trim 
control by the pilot or the automatic pilot, 
the airplane will maintain: 

(a) Lateral and directional trim under all 
conditions of operation consistent with the 
intended use of the airplane, including op
eration at any speed from best rate-of-climb 
speed to high speed and operation in which 
there is greatest lateral variation in the dis
tribution of the useful load; 
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(b ) Longitudinal trim, under the follow
ing conditions: 

(1) During climb at the best rate-of-
climb speed with maximum-except-take-off 
power. 

(2) During a glide with power off at a 
speed not in excess of 1.4 F 8 ] , and 

(3) During level flight at any speed 
from 90 percent of high speed to the sum of 
V,, and 20 percent of the difference between 
high speed and VH; 

( c ) Rectilinear climbing flight with the 
critical engine inoperative, each other engine 
operating at maximum-except-take-off power 
and the best rate-of-climb speed under such 
conditions; 

( d ) Rectilinear flight with any two en
gines inoperative and each other engine op
erating at maximum-except-take-off power 
under the following conditions: 

(1) With the weight of the airplane not 
more than that at which there is a speed 
range in level flight of not less than 10 miles 
per hour; 

(2) With the speed o f the airplane not 
more than the high speed obtained under the 
conditions specified in subparagraph (1) of 
this paragraph less 10 miles per hour. 

4a.754-T Stability. The airplane shall 
be longitudinally, directional ly, and later
ally stable in accordance with the following 
provisions. Suitable stability and control 
"feel" may be required in other conditions 
normally encountered in service if flight tests 
show such stability to be necessary for safe 
operation. 

4a.755-T Static longitudinal stability. 
In the flight conditions described in section 
4a.756-T, 

(a ) At any speed which can be obtained 
without excessive control force and which 
is more than 10 miles per hour above or be
low the specified trim speed, but not greater 
than the appropriate maximum permissible 
speed or less than the minimum speed in 
steady unstalled flight, the characteristics o f 
the elevator control forces and friction shall 
be such that: 

(1) A pull is required to maintain speeds 
below the specified trim speed and a push to 
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MAINTAIN SPEEDS ABOVE THE SPECIFIED TRIM 
SPEED. 

(2) THE CONTROL WILL, WHEN UNRESTRAINED 
BY THE PILOT, MOVE CONTINUOUSLY TOWARD ITS 
ORIGINAL TRIM POSITION. 

(B) WHERE A STABLE SLOPE OF THE STICK FORCE 
VERSUS SPEED CURVE IS SPECIFIED, ANY DECREASE 
IN SPEED BELOW TRIM SPEED SHALL REQUIRE AN 
INCREASE IN THE STEADY PULL ON THE ELEVATOR 
CONTROL AND ANY INCREASE IN SPEED ABOVE TRIM 
SPEED SHALL REQUIRE AN INCREASE IN THE STEADY 
PUSH ON THE CONTROL. SUCH SLOPE SHALL BE BE
TWEEN SUCH LIMITS THAT ANY SUBSTANTIAL 
CHANGE IN SPEED IS CLEARLY PERCEPTIBLE TO THE 
PILOT THROUGH A RESULTING CHANGE IN STICK 
FORCE, AND THAT THE STICK FORCE REQUIRED TO 
PRODUCE NECESSARY CHANGES IN SPEED DOES NOT 
REACH EXCESSIVE VALUES. 

4A.756-T Specific stability conditions— 
(A) Landing. WITH FLAPS IN THE SEA LEVEL 

LANDING POSITION, THE LANDING GEAR EXTENDED, 
MAXIMUM SEA LEVEL LANDING WEIGHT, THE AIR
PLANE TRIMMED AT 1.4 VSl AND THROTTLES CLOSED, 
THE STICK FORCE CURVE SHALL HAVE A STABLE SLOPE 
AT ALL SPEEDS BETWEEN 1.1 VSi AND 1.8 VSl, 

<B) Approach. WITH FLAPS IN SEA LEVEL AP
PROACH POSITION, LANDING GEAR RETRACTED, MAX
IMUM SEA LEVEL LANDING WEIGHT, THE AIRPLANE 
TRIMMED AT 1.4 V S ] AND WITH POWER SUFFICIENT 
TO MAINTAIN LEVEL FLIGHT AT THIS SPEED, THE 
STICK FORCE CURVE SHALL HAVE A STABLE SLOPE 
AT ALL SPEEDS BETWEEN 1.1 VSj AND 1.8 VSi. 

(C) Climb. WITH FLAPS RETRACTED, LANDING 
GEAR RETRACTED, MAXIMUM SEA LEVEL TAKE-OFF 
WEIGHT, 75 PERCENT OF MAXIMUM-EXCEPT-TAKE-
OFF POWER, AND WITH THE AIRPLANE TRIMMED 
AT 1.4 VS], THE STICK FORCE CURVE SHALL HAVE A 
STABLE SLOPE AT ALL SPEEDS BETWEEN 1.2 Vs, AND 
1.6 Vtl. 

(D) Cruising. WITH FLAPS RETRACTED, MAX
IMUM SEA LEVEL TAKEOFF WEIGHT, 75 PERCENT OF 
MAXIMUM-EXCEPT-TAKE-OFF POWER, AND WITH 
THE AIRPLANE TRIMMED FOR LEVEL FLIGHT, THE 
STICK FORCE CURVE SHALL HAVE A STABLE SLOPE 
AT ALL SPEEDS OBTAINABLE WITH REASONABLE 
STICK FORCES BETWEEN: 

(1) 1.2 VSl AND THE MAXIMUM PERMISSIBLE 
SPEED, WHEN THE LANDING GEAR IS RETRACTED; 

(2) 1.2 VSl AND THE LEVEL FLIGHT SPEED, 
WHEN THE LANDING GEAR IS EXTENDED. 

4A.757-T Dynamic longitudinal stability. 
THE AIRPLANE SHALL NOT BE DYNAMICALLY UN
STABLE LONGITUDINALLY, AS SHOWN BY THE DAMP
ING OF THE NORMAL LONG PERIOD OSCILLATION, 
UNDER ANY FLIGHT CONDITION THAT IS LIKELY TO BE 
MAINTAINED FOR MORE THAN 10 MINUTES IN 
ORDINARY SERVICE. COMPLIANCE WITH THIS RE
QUIREMENT SHALL BE DEMONSTRATED UNDER AT 
LEAST THE FOLLOWING CONDITIONS: 

(A) DURING LEVEL FLIGHT WITH 75 PERCENT OF 
MAXIMUM-EXCEPT-TAKE-OFF POWER. 

(B) DURING A CLIMB WITH 75 PERCENT OF MAX
IMUM-EXCEPT-TAKE-OFF POWER AT A SPEED EQUAL 
TO 75 PERCENT OF THAT OBTAINED IN PARAGRAPH 
(A) OF THIS SECTION. 

ANY SHORT PERIOD OSCILLATION OCCURRING BE
TWEEN STALLING SPEED AND MAXIMUM PERMIS
SIBLE SPEED SHALL BE HEAVILY DAMPED WITH THE 
PRIMARY CONTROLS IN A FIXED POSITION. 

4A.758-T Directional and lateral static 
stability. THE STATIC DIRECTIONAL STABILITY, AS 
SHOWN BY THE TENDENCY TO RECOVER FROM A SKID 
WITH RUDDER FREE, SHALL BE POSITIVE FOR ALL 
FLAP POSITIONS AND SYMMETRICAL POWER CONDI
TIONS, AND FOR ALL SPEEDS FROM 1.2 UP TC 
THE MAXIMUM PERMISSIBLE SPEED. THE STATIC 
LATERAL STABILITY AS SHOWN BY THE TENDENCY TO 
RAISE THE LOW WING IN A SIDESLIP, SHALL BE POS
ITIVE WITHIN THE SAME LIMITS. 

4A.759-T Stalling. WITH POWER OFF, AND 
WITH THAT POWER NECESSARY TO MAINTAIN LEVEL 
FLIGHT WITH FLAPS IN APPROACH POSITION AT A 
SPEED OF 1.6 VSlt MAXIMUM LANDING WEIGHT, 
FLAPS AND LANDING GEAR IN ANY POSITION, AND 
CENTER OF GRAVITY IN THE LEAST FAVORABLE PO
SITION FOR RECOVERY, IT SHALL BE POSSIBLE TO 
PRODUCE AND TO CORRECT ROLL AND YAW BY UN
REVERSED USE OF THE AILERON AND RUDDER CON
TROLS UP TO THE TIME WHEN THE AIRPLANE PITCHES 
IN THE MANEUVER DESCRIBED BELOW. DURING 
THE PITCHING AND RECOVERY PORTIONS OF THE 
MANEUVER IT SHALL BE POSSIBLE TO PREVENT AP
PRECIABLE ROLLING OR YAWING BY NORMAL USE 
OF THE CONTROLS. 

IN DEMONSTRATING THIS QUALITY, THE ORDER OF 
EVENTS SHALL BE: 

(A) WITH TRIM CONTROLS ADJUSTED FOR 
STRAIGHT FLIGHT AT A SPEED OF 1.4 VHr REDUCE 
SPEED BY MEANS OF THE ELEVATOR CONTROL UNTIL 
THE SPEED IS STEADY AT SLIGHTLY ABOVE STALLING 
SPEED; THEN 
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(B) PULL ELEVATOR CONTROL BACK AT A NORMAL 
RATE UNTIL A STALL IS PRODUCED AS EVIDENCED BY 
AN UNCONTROLLABLE DOWNWARD PITCHING MO
TION OF THE AIRPLANE, OR UNTIL THE CONTROL 
REACHES THE STOP. NORMAL USE OF THE ELEVA
TOR CONTROL FOR RECOVERY MAY BE MADE AFTER 
SUCH PITCHING MOTION IS UNMISTAKABLY DE
VELOPED. 

IN ANY CASE, THE AIRPLANE SHALL NOT PITCH 
EXCESSIVELY BEFORE RECOVERY IS COMPLETED. 

THE AIRPLANE SHALL BE RECOVERABLE WITHOUT 
DIFFICULTY OR THE USE OF POWER FROM THE IN
OPERATIVE ENGINE WHEN IT IS STALLED WITH THE 
CRITICAL ENGINE INOPERATIVE AND THE REMAIN
ING ENGINES OPERATING AT 75 PERCENT OF 
MAXIMUM-EXCEPT-TAKE-OFF POWER. 

Operating Manual 
4A.760-T Airplane operating manual. 

THERE SHALL BE FURNISHED WITH EACH AIRPLANE 
A COPY OF A MANUAL WHICH SHALL CONTAIN SUCH 
INFORMATION REGARDING THE OPERATION OF THE 
AIRPLANE AS THE ADMINISTRATOR MAY REQUIRE, 
INCLUDING, BUT NOT LIMITED, TO THE FOLLOWING: 

(A) A H PERFORMANCE DATA SECURED UNDER 
SECTIONS 4A.741-T THROUGH 4A.750-T TOGETHER 
WITH ANY PERTINENT DESCRIPTIONS OF THE CON
DITIONS, AIR SPEEDS, ETC., UNDER WHICH SUCH 
DATA WERE DETERMINED. 

(B) ADEQUATE INSTRUCTIONS FOR THE USE AND 
ADJUSTMENT OF THE FLAP CONTROLS UNDER SEC
TION 4A.464-T. 

(C) THE INDICATED AIR SPEEDS CORRESPOND
ING TO THOSE DETERMINED IN SECTION 4A.748-T, 
TOGETHER WITH PERTINENT DISCUSSION OF PROCE
DURES TO BE FOLLOWED IF THE CRITICAL ENGINE 
BECOMES INOPERATIVE ON TAKEOFF. 

(D) A DISCUSSION OF ANY SIGNIFICANT OR UN
USUAL FLYING OR GROUND-HANDLING CHARACTER
ISTICS, KNOWLEDGE OF WHICH WOULD BE USEFUL 
TO A PILOT NOT PREVIOUSLY HAVING FLOWN THE 
AIRPLANE. 

4a.760-T-l Airplane flight manuals (FAA 
policies which apply to sec. J^a.760-T). See 
section 4b.911-L of this subchapter (14 F.R. 
4176, July 16, 1949). 

[Supp. 2, IS F.R. 4182, July 22, 1948; 14 F.R. 37, 
Jan. 5,1959] 

SUBPART I—MISCELLANEOUS REQUIREMENTS 

4A.770 Identification plate. A FIREPROOF 
IDENTIFICATION PLATE SHALL BE SECURELY AT
TACHED TO THE STRUCTURE IN AN ACCESSIBLE LO
CATION WHERE IT WILL NOT LIKELY BE DEFACED 
DURING NORMAL SERVICE. THE IDENTIFICATION 
PLATE SHALL NOT BE PLACED IN A LOCATION WHERE 
IT MIGHT BE EXPECTED TO BE DESTROYED OR LOST 
IN THE EVENT OF AN ACCIDENT. THE IDENTIFICA
TION PLATE SHALL CONTAIN THE IDENTIFICATION 
DATA REQUIRED BY SECTION 2.36 OF THIS SUB
CHAPTER. 

4A.771 Standard weights. IN COMPUTING 
WEIGHTS THE FOLLOWING STANDARD VALUES SHALL 
BE USED: 
Gasoline 6 pounds per gallon. 
Lubricating oil 7.5 pounds per gallon. 
Crew and passengers... 170 pounds per person, unless 

otherwise specified by the 
Administrator. 

Parachutes 20 pounds each. 

4A.772 Leveling means. ADEQUATE MEANS 
SHALL BE PROVIDED FOR EASILY DETERMINING 
WHEN THE AIRCRAFT IS IN A LEVEL POSITION. 
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T a b l e s a n d F i g u r e s 

1 1 I I I I V V V I 

2 . REFERENCE 

4 . GUST VELOCITY, 17, F. P. S. (I) (') 

5 4A. 7 9 
V I 

+ 3 0 
S 4 A . 7 6 

FIG. 4 A - 3 

I + A N J 
2 . 5 0 

1 . 0 
1 . 6 

5 4A. 8 1 
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- 3 0 
5 4 A . 7 S 

5 4 A . 8 2 
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+ 1 S 
5 4 A . 7 6 

FIG. 4 S - 3 

1 + A N / N 
2. 60 

1 . 0 
1 . 6 

5 LA. 83 
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- I S 
5 4 A . 7 0 

Vi 
! to.85 
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. FAS (<T) GUST (') 

5 4A. 7 9 
V I 

+ 3 0 
S 4 A . 7 6 

FIG. 4 A - 3 

I + A N J 
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1 . 0 
1 . 6 

5 4A. 8 1 
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- 3 0 
5 4 A . 7 S 

5 4 A . 8 2 
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5 4 A . 7 6 

FIG. 4 S - 3 

1 + A N / N 
2. 60 

1 . 0 
1 . 6 

5 LA. 83 
V, 

- I S 
5 4 A . 7 0 - 0 . 5 A N R , 

- 0 . 2 5 A A J 1 

- I + A 1 1 7 
- 1 . 6 

1 . 0 
1 . 5 

5 4A. 7 9 
V I 

+ 3 0 
S 4 A . 7 6 

FIG. 4 A - 3 

I + A N J 
2 . 5 0 

1 . 0 
1 . 6 

5 4A. 8 1 
Vi, 

- 3 0 
5 4 A . 7 S 

5 4 A . 8 2 
V, 

+ 1 S 
5 4 A . 7 6 

FIG. 4 S - 3 

1 + A N / N 
2. 60 

1 . 0 
1 . 6 

5 LA. 83 
V, 

- I S 
5 4 A . 7 0 - 0 . 5 A N R , 

- 0 . 2 5 A A J 1 

- I + A 1 1 7 
- 1 . 6 

1 . 0 
1 . 5 

6 . L I M I T LOAD FACTOR, n. W H E N H E M 5 GIVES TWO 
VALUES OF A N , USE LARGER 

5 4A. 7 9 
V I 

+ 3 0 
S 4 A . 7 6 

FIG. 4 A - 3 

I + A N J 
2 . 5 0 

1 . 0 
1 . 6 

1 + A N J ; 
NONE 

1 . 0 
L . S 

5 4 A . 8 2 
V, 

+ 1 S 
5 4 A . 7 6 

FIG. 4 S - 3 

1 + A N / N 
2. 60 

1 . 0 
1 . 6 

1 + A J I J F 
NONE 

1 . 0 
1 . 6 

- 0 . 5 A N R , 
- 0 . 2 5 A A J 1 

- I + A 1 1 7 
- 1 . 6 

1 . 0 
1 . 5 

8," M I N I M U M YIELD FACTOR OF SAFETY, j , 

5 4A. 7 9 
V I 

+ 3 0 
S 4 A . 7 6 

FIG. 4 A - 3 

I + A N J 
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1 . 0 
1 . 6 

1 + A N J ; 
NONE 
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L . S 

5 4 A . 8 2 
V, 

+ 1 S 
5 4 A . 7 6 

FIG. 4 S - 3 

1 + A N / N 
2. 60 

1 . 0 
1 . 6 

1 + A J I J F 
NONE 

1 . 0 
1 . 6 

- 0 . 5 A N R , 
- 0 . 2 5 A A J 1 

- I + A 1 1 7 
- 1 . 6 

1 . 0 
1 . 5 

NONE 
1 . 0 
1 . 5 

0 FEET PER SECOND. 
(?) + MEANS UPWARD, — MEANS DOWNWARD. 
(?) M A Y BE LIMITED B Y M A X I M U M DYNAMIC LIFT COEFFICIENT OBTAINABLE UNDER SUDDEN CHANGES OF ANGLE OF ATTACK. 

TABLE 4a.-l. Symmetrical Flight Conditions (Flaps Retracted). 

V I I V I I I I X V I I V I I I I X 

5 .LA. 8 7 
V, 

+ 1 5 
} 4 A . 7 6 

1 + A » R I L 
2 . 0 0 

1 . 0 
1 . 5 

H A . 38 
V, 

- 1 5 
5 411.76 

N O N E 
1 . 0 
1 . 5 

5 4A. 8 9 
V, 

5 .LA. 8 7 
V, 

+ 1 5 
} 4 A . 7 6 

1 + A » R I L 
2 . 0 0 

1 . 0 
1 . 5 

H A . 38 
V, 

- 1 5 
5 411.76 

N O N E 
1 . 0 
1 . 5 

5 4A. 8 9 
V, 

4 GUST VELOCITY, £ R , F . P . S. 0) (') . .„._,. -

5 .LA. 8 7 
V, 

+ 1 5 
} 4 A . 7 6 

1 + A » R I L 
2 . 0 0 

1 . 0 
1 . 5 

H A . 38 
V, 

- 1 5 
5 411.76 

N O N E 
1 . 0 
1 . 5 

5 4A. 8 9 
V, 

5 , A N (') -

5 .LA. 8 7 
V, 

+ 1 5 
} 4 A . 7 6 

1 + A » R I L 
2 . 0 0 

1 . 0 
1 . 5 

H A . 38 
V, 

- 1 5 
5 411.76 

N O N E 
1 . 0 
1 . 5 

5 .LA. 8 7 
V, 

+ 1 5 
} 4 A . 7 6 

1 + A » R I L 
2 . 0 0 

1 . 0 
1 . 5 

H A . 38 
V, 

- 1 5 
5 411.76 

N O N E 
1 . 0 
1 . 5 

5 .LA. 8 7 
V, 

+ 1 5 
} 4 A . 7 6 

1 + A » R I L 
2 . 0 0 

1 . 0 
1 . 5 

H A . 38 
V, 

- 1 5 
5 411.76 

N O N E 
1 . 0 
1 . 5 

N O N E 
1 . 0 
1 . 5 

5 .LA. 8 7 
V, 

+ 1 5 
} 4 A . 7 6 

1 + A » R I L 
2 . 0 0 

1 . 0 
1 . 5 

H A . 38 
V, 

- 1 5 
5 411.76 

N O N E 
1 . 0 
1 . 5 

N O N E 
1 . 0 
1 . 5 

0 FEET PER SECOND. 
(I) -V- MEANS UPWARD, — MEANS DOWNWARD. 
(•> M A Y BE LIMITED B Y M A X I M U M DYNAMIC LIFT COEFFICIENT OBTAINABLE UNDER SUDDEN CHANGES OF ANGLE OF ATTACK. 

TABLE 4a-2. Symmetrical Flight Conditions {Flaps Extended). 

BALANCING MANEUVERING D A M P I N G T A B EFFECTS 

2 . REFERENCE { 4 A . L I 6 5 4 A . 1 1 7 
V , 

F - . 5 5 ( D O W N ) 1 
\ + . 3 5 (UP) J 

C W > > 
F L G . 4 A - 6 

CONSTANT CAR 
1 5 

N O N E 
1 . 0 
1 . 5 

5 4 S . 1 1 8 3 4 A . L I T 

t. FORCE COEFFICIENT, Cjt.„ . . . -

5 4 A . 1 1 7 
V , 

F - . 5 5 ( D O W N ) 1 
\ + . 3 5 (UP) J 

C W > > 
F L G . 4 A - 6 

CONSTANT CAR 
1 5 

N O N E 
1 . 0 
1 . 5 

3 4 A . L I T 

5 . AVERAGE UNLIT PRESSURE, P . S. F. ( L ) 

5 4 A . 1 1 7 
V , 

F - . 5 5 ( D O W N ) 1 
\ + . 3 5 (UP) J 

C W > > 
F L G . 4 A - 6 

CONSTANT CAR 
1 5 

N O N E 
1 . 0 
1 . 5 

J, SPAN DISTRIBUTION 
S, M I N I M U M AVERAGE L I M I T PRESSURE, P . S. F.(0~ 
9 . SPECIAL REQUIREMENTS 

FIG. 4 A - 4 
CONSTANT C'.V 

N O N E 
1 . 0 
1 , 5 

5 4 A . 1 1 7 
V , 

F - . 5 5 ( D O W N ) 1 
\ + . 3 5 (UP) J 

C W > > 
F L G . 4 A - 6 

CONSTANT CAR 
1 5 

N O N E 
1 . 0 
1 . 5 

FIG. 4 A - 6 
CONSTANT Cx 

NONE 
1 . 0 
1 . 5 

FIG. 4A-5(9 
CONSTANT Can 

N O N E 
1 . 0 

'fi OVER ENTIRE HORIZONTAL TALL. 
\>) JP IS THE DYNAMIE.PRESSARE CORREAPONDINR TO V S , SEE 4 4 A . W . 
[>) REFERS TO MAIN SURFACE, DISREGARDING TAB; UNIFORM PRESSURE DISTRIBUTION M A Y BE ASSUMED OVER TAB. 

TABLE 4a-3. Loading Conditions for Horizontal Tail Surfaces. 

CAM 4 a 
5 3 
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M a n e u v e r i n g D a m p i n g O u s t T a b e f f e c t s 
3 , D e s i g n S p e e d ( s e e 5 4 a , 7 3 ) . 5 4 a . 1 2 0 

C y - 0 . 4 5 F i g . 4 a - 5 C o n s t a n t C K 1 2 4 a . l 2 0 ( b ) 1 . 0 1 . 5 

S 4 S . 1 2 1 ^ 4 a . l 2 2 
U~30i. p . a . 4 4 a . l 2 2 ( b ) 

F i g . 4 a - 6 ( > ) C o n s t a n t C y 
5 4 a . 1 2 3 5 4 a . 1 2 0 

C y - 0 . 4 5 F i g . 4 a - 5 C o n s t a n t C K 1 2 4 a . l 2 0 ( b ) 1 . 0 1 . 5 

^ 4 a . l 2 2 
U~30i. p . a . 4 4 a . l 2 2 ( b ) 

F i g . 4 a - 6 ( > ) C o n s t a n t C y 
5 4 a . 1 2 3 5 4 a . 1 2 0 

C y - 0 . 4 5 F i g . 4 a - 5 C o n s t a n t C K 1 2 4 a . l 2 0 ( b ) 1 . 0 1 . 5 

^ 4 a . l 2 2 
U~30i. p . a . 4 4 a . l 2 2 ( b ) 

F i g . 4 a - 6 ( > ) C o n s t a n t C y 6 . C h o r d D i s t r i b u t i o n 7 . S p a n D i s t r i b u t i o n S . M i n i m u m A v e r a g e L i m i t P r e s s u r e , , p . s . f . ( i ) . . 
1 0 . M i n i m u m Y i e l d F a c t o r o f S a f e t y , ) , 

5 4 a . 1 2 0 
C y - 0 . 4 5 F i g . 4 a - 5 C o n s t a n t C K 1 2 4 a . l 2 0 ( b ) 1 . 0 1 . 5 

F i g . 4 a ^ 6 C o n s t a n t e # 
^ 4 a . l 2 2 

U~30i. p . a . 4 4 a . l 2 2 ( b ) 
F i g . 4 a - 6 ( > ) C o n s t a n t C y F i g . 4 3 - 5 ( > ) C o n s t a n t C j v ( « ) 6 . C h o r d D i s t r i b u t i o n 7 . S p a n D i s t r i b u t i o n S . M i n i m u m A v e r a g e L i m i t P r e s s u r e , , p . s . f . ( i ) . . 

1 0 . M i n i m u m Y i e l d F a c t o r o f S a f e t y , ) , 

5 4 a . 1 2 0 
C y - 0 . 4 5 F i g . 4 a - 5 C o n s t a n t C K 1 2 4 a . l 2 0 ( b ) 1 . 0 1 . 5 

N o n e 1 , 0 ' 1 . 5 N o n e 1 . 0 l . S N o n e 1 . 0 1 . 5 
O O v e r e n t i r e v e r t i c a l t a i l . ffl ttP i s t h e d y n a m i c p r e s s u r e c o r r e s p o n d i n g t o V , ( s e e 5 4 a . 4 2 ) , ( • ) S e e 5 4 a . l 2 0 < a ) f o r e x c e p t i o n . ( < ) S e e 5 4 S . 1 2 3 ( b ) f o r e x c e p t i o n ( • ) P e e . 4 a , 1 2 2 ( c ) . ( • ) R e f e r s t o m a i n s u r f a c e , d i s r e g a r d i n g t a b ; u n i f o r m p r e s s u r e d i s t r i b u t i o n m a v b e a s s u m e d o v e r t a b 

Table 4a-4. Loading Conditions for Vertical Tail Surfaces. 

1. Condition - -2 . R e f e r e n c e 3 . D e s i g n S p e e d ( s e e S 4 a . 7 3 ) _ 4 . C v o r O u s t 6 . A v e r a g e L i m i t P r e s s u r e , p . s . f 6 . C h o r d D i s t r i b u t i o n 7 . S p a n D i s t r i b u t i o n 8 . M i n i m u m A v e r a g e L i m i t P r e s s u r e , p . s . f . 9 . S p e c i a l R e q u i r e m e n t s 1 0 . M i n i m u m Y i e l d F a c t o r o f S a f e t y , / , 1 1 . M i n i m u m U l t i m a t e F a c t o r o f S a f e t y , J . . . 

M a n e u v e r i n g Tab effects 
§ 4 a . 1 2 5 

C I Y - 0 . 4 5 F i g . 4 a - 7 C o n s t a n t C H 1 2 5 4a . l25 (&) 1 . 0 l . S 

§ 4 a . l 2 C 
V'W) 

F i g . 4 a - 7 f < ) C o n s t a n t C x O ) N o n e 1 . 0 1 . 5 
( 5 S e e 1 4 a . l 2 5 ( a ) f o r e x c e p t i o n . ( ? ) ttm i s t h e d y n a m i c p r e s s u r e c o r r e s p o n d i n g t o V , ( s e e 1 4 a , 4 2 ) . ( * ) V ' i i s t h e m a x i m u m l e v e l f l i g h t a i r s p e e d w i t h a n y e n g i n e I n o p e r a t i v e . ( ' ) R e f e r s t o m a i n s u r f a c e , d i s r e g a r d i n g t a b : u n i f o r m p r e s s u r e d i s t r i b u t i o n m a y b e a s s u m e d o v e r t a b . 

TABLE 4a-5. Loading Conditions for Ailerons. 

( S e e § - J n . 1 3 7 ) 
E l e v a t o r R u d d e r A i l e r o n F l a p s , t a b s , e t c , E l e v a t o r S y m m e t r i c a l t h r u s t O U n s y m -m e t r l c a l t h r u s t W 

A i l e r o n F l a p s , t a b s , e t c , 
. 1 3 9 2 0 0 F & . 4 B - & 1 . 0 1 . 5 

. 1 4 0 2 0 0 1 3 0 1 . 0 1 . 5 
1 4 0 3 0 0 2 0 0 1 . 0 1 . 5 

. 1 4 1 SO F l g . 4 a - f l 1 . 0 1 . 5 
. 1 4 2 N o n e ' S e e R a t . 1 . 0 1 . 5 

2 . M a x i m u m L i m i t C o n t r o l F o r c e , p o u n d s , 3 . M i n i m u m L i m i t C o n t r o l F o r c e , p o u n d s 4 . M i n i m u m Y i e l d F a c t o r o f S a f c t v , j „ 
. 1 3 9 2 0 0 F & . 4 B - & 1 . 0 1 . 5 

. 1 4 0 2 0 0 1 3 0 1 . 0 1 . 5 
1 4 0 3 0 0 2 0 0 1 . 0 1 . 5 

. 1 4 1 SO F l g . 4 a - f l 1 . 0 1 . 5 
. 1 4 2 N o n e ' S e e R a t . 1 . 0 1 . 5 

( i ) P r o p e l l e r a x e s a l l i n p l a n e o f s y m m e t r y . P J P r o p e l l e r a x e s n o t a l l i n p l a c e o f s y m m e t r y . 

Table 4a-6. Loading Conditions for Control (Systems. 



CAM 4a APPENDIX 5 5 

< S « s § § 4 a . 2 0 7 - 4 a . 2 1 6 ) 
I t e m C o m p o n e n t R e f e r e n c e A d d i t i o n a l y i e l d f a c t o r o f sa fety , jw 

A d d i t i o n a l u l t i m a t e f a c t o r o f s a f e ty* ; * M a y b e c o v e r e d b y I t e m N o . 
2 , C a s t i n g s 5 * a . 2 0 3 6 4a. 2(H) S 4 a . 2 1 0 5 4 a . 2 1 1 £ 4ft. 211! § 4 a . 2 1 3 $ 4 f t . 2 H 4 4 ^ , 2 1 4 5 <a. 2l- r . 5 4 a . 2 1 6 

N o n e N o n e N o n e N o n e N o n e N o n e N o n e N ' o n c N n n o N o n e 

1 . 2 0 2 . 0 0 1 . 0 5 P e c K e f , S e e J t e f , 1. s n. fi7 3 3 S e e K e f . 1 . t o 

% 4 , 5 , 0 , 7t 8 , 9 7 , 8 4 4 , W i r t ' s a t S m a l l a n g l e s _ 
5 * a . 2 0 3 6 4a. 2(H) S 4 a . 2 1 0 5 4 a . 2 1 1 £ 4ft. 211! § 4 a . 2 1 3 $ 4 f t . 2 H 4 4 ^ , 2 1 4 5 <a. 2l- r . 5 4 a . 2 1 6 

N o n e N o n e N o n e N o n e N o n e N o n e N o n e N ' o n c N n n o N o n e 

1 . 2 0 2 . 0 0 1 . 0 5 P e c K e f , S e e J t e f , 1. s n. fi7 3 3 S e e K e f . 1 . t o 

% 4 , 5 , 0 , 7t 8 , 9 7 , 8 4 
5 . D o u b l e d r a c t r u s s i v i r o ? , 

5 * a . 2 0 3 6 4a. 2(H) S 4 a . 2 1 0 5 4 a . 2 1 1 £ 4ft. 211! § 4 a . 2 1 3 $ 4 f t . 2 H 4 4 ^ , 2 1 4 5 <a. 2l- r . 5 4 a . 2 1 6 

N o n e N o n e N o n e N o n e N o n e N o n e N o n e N ' o n c N n n o N o n e 

1 . 2 0 2 . 0 0 1 . 0 5 P e c K e f , S e e J t e f , 1. s n. fi7 3 3 S e e K e f . 1 . t o 
6 . T o r n n e t u b e s u s e d a s h m p e s r 

5 * a . 2 0 3 6 4a. 2(H) S 4 a . 2 1 0 5 4 a . 2 1 1 £ 4ft. 211! § 4 a . 2 1 3 $ 4 f t . 2 H 4 4 ^ , 2 1 4 5 <a. 2l- r . 5 4 a . 2 1 6 

N o n e N o n e N o n e N o n e N o n e N o n e N o n e N ' o n c N n n o N o n e 

1 . 2 0 2 . 0 0 1 . 0 5 P e c K e f , S e e J t e f , 1. s n. fi7 3 3 S e e K e f . 1 . t o 7 . C o n t r o l s u r f a c e h i n g e s ( l > _ 

5 * a . 2 0 3 6 4a. 2(H) S 4 a . 2 1 0 5 4 a . 2 1 1 £ 4ft. 211! § 4 a . 2 1 3 $ 4 f t . 2 H 4 4 ^ , 2 1 4 5 <a. 2l- r . 5 4 a . 2 1 6 

N o n e N o n e N o n e N o n e N o n e N o n e N o n e N ' o n c N n n o N o n e 

1 . 2 0 2 . 0 0 1 . 0 5 P e c K e f , S e e J t e f , 1. s n. fi7 3 3 S e e K e f . 1 . t o R . C o n t r o l s y s t e m j o i n t s f 1 ) 

5 * a . 2 0 3 6 4a. 2(H) S 4 a . 2 1 0 5 4 a . 2 1 1 £ 4ft. 211! § 4 a . 2 1 3 $ 4 f t . 2 H 4 4 ^ , 2 1 4 5 <a. 2l- r . 5 4 a . 2 1 6 

N o n e N o n e N o n e N o n e N o n e N o n e N o n e N ' o n c N n n o N o n e 

1 . 2 0 2 . 0 0 1 . 0 5 P e c K e f , S e e J t e f , 1. s n. fi7 3 3 S e e K e f . 1 . t o ft-. W i r e s i r e s . 

5 * a . 2 0 3 6 4a. 2(H) S 4 a . 2 1 0 5 4 a . 2 1 1 £ 4ft. 211! § 4 a . 2 1 3 $ 4 f t . 2 H 4 4 ^ , 2 1 4 5 <a. 2l- r . 5 4 a . 2 1 6 

N o n e N o n e N o n e N o n e N o n e N o n e N o n e N ' o n c N n n o N o n e 

1 . 2 0 2 . 0 0 1 . 0 5 P e c K e f , S e e J t e f , 1. s n. fi7 3 3 S e e K e f . 1 . t o 1 0 . " W i n g l i f t t r u s s ( l a n d i n ? c o n d i t i o n s o n l y ) 

5 * a . 2 0 3 6 4a. 2(H) S 4 a . 2 1 0 5 4 a . 2 1 1 £ 4ft. 211! § 4 a . 2 1 3 $ 4 f t . 2 H 4 4 ^ , 2 1 4 5 <a. 2l- r . 5 4 a . 2 1 6 

N o n e N o n e N o n e N o n e N o n e N o n e N o n e N ' o n c N n n o N o n e 

1 . 2 0 2 . 0 0 1 . 0 5 P e c K e f , S e e J t e f , 1. s n. fi7 3 3 S e e K e f . 1 . t o 

5 * a . 2 0 3 6 4a. 2(H) S 4 a . 2 1 0 5 4 a . 2 1 1 £ 4ft. 211! § 4 a . 2 1 3 $ 4 f t . 2 H 4 4 ^ , 2 1 4 5 <a. 2l- r . 5 4 a . 2 1 6 

N o n e N o n e N o n e N o n e N o n e N o n e N o n e N ' o n c N n n o N o n e 

1 . 2 0 2 . 0 0 1 . 0 5 P e c K e f , S e e J t e f , 1. s n. fi7 3 3 S e e K e f . 1 . t o 
0 ) F o r f N j a r i n s s t r p s a c s o n l y . 

TABLE 4a-7. A(i<Jiifo»a2 (Multiplying) Factors of Safety. 
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FIGUBE 4a-7. Aileron Load Distribution. 
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FIGUBE 4a-9. Aileron Control Force Limits. 
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FIGURE 4a- l l . Distribution of Local Pressures—Boat Seaplanes. 



Appendix B 

Special Civil Air Regulations 
Which affect Part 4a 



SPECIAL CIVIL AIR REGULATION NO. SR-399B 

Effective: May 28, 1959* 
Issued: May 21, 1959 

Provisional Maximum Certificated Weights for Certain Airplanes Operated by 
Alaskan Air Carriers, Alaskan Air Taxi Operators, and the Department of the 
Interior 

Special Civil Air Regulations Nos. SR-399 and SR-399A, (18 F.R. 
6799 and 20 F.R. 8091) authorized the Administrator to establish increased 
maximum authorized weights for certain airplanes o f 12,500 pounds or 
less operated entirely within Alaska by Alaskan air carriers as designated 
by Part 292 of the Board's Economic Regulations or by the United States 
Department of the Interior. Effective February 3, 1959, the Civil Aero
nautics Board amended Part 292 to eliminate Alaskan pilot-owners from 
the provisions of that Part (24 F.R. 437) and concurrently adopted new 
Part 293 (24 F.R. 127) redesignating such air carriers as Alaskan air 
taxi operators. Accordingly, in order to permit this new class of air 
carriers to continue operating airplanes under the increased maximum 
weights authorized by SR-399A, such regulations are revised to specifi
cally include Alaskan air taxi operators. However, Alaskan air taxi 
operators will remain subject to the 7,900 pound weight limitation im
posed by Part 293. 

This special regulation does not impose any additional burden upon 
any person and is purely technical in nature. For these reasons, the Ad
ministrator finds that compliance with the notice, public participation 
and effective date provisions o f section 4 of the Administrative Procedure 
Act is unnecessary. In consideration of the foregoing, I hereby adopt a 
Special Civil Air Regulation, effective immediately on the date of its 
publication in the Federal Register, to read as fo l lows : 

1. Notwithstanding any contrary provisions of the Civil Air Regula
tions, the Director, Bureau of Flight Standards and any employee of 
such administrative unit as he shall designate may increase the maxi
mum certificated weight for airplanes which are: 

(a ) Operated entirely within the State of Alaska by an Alaskan 
air carrier or an Alaskan air taxi operator pursuant to Parts 292 and 
293, respectively, of the Civil Aeronautics Board's Economic Regulations, 
or by the United States Department of the Interior in the conduct of 
its game and fish law enforcement activities and its management, fire 
detection, and fire suppression activities concerning public lands; and 

*Date of publication in the Federal Register. 
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(B) TYPE CERTIFICATED UNDER THE PROVISIONS OF AERONAUTICAL BUL
LETIN NO. 7 OF THE AERONAUTICS BRANCH OF THE UNITED STATES DEPARTMENT 
OF COMMERCE DATED JANUARY 1, 1939, AS AMENDED, OR UNDER THE NORMAL 
CATEGORY OF PART 4A OF THE CIVIL AIR REGULATIONS. 

2. THE MAXIMUM CERTIFICATED WEIGHT HEREIN REFERRED TO SHALL NOT EX
CEED ANY OF THE FOLLOWING: 

(A) 12,500 POUNDS, 
(B) 115 PERCENT OF THE MAXIMUM WEIGHT LISTED IN THE F A A AIR

CRAFT SPECIFICATION, 
(C) THE WEIGHT AT WHICH THE AIRPLANE MEETS THE POSITIVE MANEU

VERING LOAD FACTOR REQUIREMENT FOR THE NORMAL CATEGORY SPECIFIED IN SEC. 
3.186 OF THE CIVIL AIR REGULATIONS, OR 

(D) THE WEIGHT AT WHICH THE AIRPLANE MEETS THE CLIMB PERFORM
ANCE REQUIREMENTS UNDER WHICH IT WAS TYPE CERTIFICATED. 

3. IN DETERMINING THE MAXIMUM CERTIFICATED WEIGHT THE STRUCTURAL 
SOUNDNESS OF THE AIRPLANE AND THE TERRAIN TO BE TRAVERSED IN THE OPERA
TION WILL BE CONSIDERED. 

4. THE MAXIMUM CERTIFICATED WEIGHT SO DETERMINED WILL BE ADDED TO 
THE AIRPLANE'S OPERATION LIMITATIONS AND IDENTIFIED AS THE MAXIMUM WEIGHT 
AUTHORIZED FOR OPERATIONS WITHIN THE STATE OF ALASKA. 

THIS REGULATION SUPERSEDES SPECIAL CIVIL AIR REGULATION NO. SR-399A, 
AND SHALL TERMINATE ON OCTOBER 25, 1960, UNLESS SOONER SUPERSEDED OR 
RESCINDED. 



SPECIAL CIVIL AIR REGULATION NO. SR-407 

Effective: September 10, 1954 
Adopted: August 6, 1954 

Basis for Approval of Modification of Airplane Types Douglas DC-3 and Lockheed 
L-18 

On October 7,1953, the Civil Aeronautics Board adopted Special Civil 
Air Regulation SR-398, effective November 11, 1953, (18 F.R. 6448) which 
provided a basis for approval of modifications of DC-3 and L-18 air
planes, but limited the scope of that regulation to increases in engine 
takeoff power limit ation up to 1,350 horsepower per engine, to installa
tion of engines o f not more than 1,830 cubic inches displacement, and to 
the establishment o f new maximum certificated weights not in excess 
of 26,900 pounds for the DC-3 and 19,500 pounds for the L-18. This reg
ulation expands the scope of SR-398 to cover approval of additional 
modifications and maximum certificated weights for DC-3 and L-18 air
planes. In order to have all the regulations applicable to modifications 
and weight increases o f the DC-3 and L-18 appear in .one document, 
this regulation embodies herein the provisions of SR-398 and the addi
tional regulations which are made applicable to these airplanes. SR-398 
is thus superseded by this regulation. 

The Douglas DC-3 and the Lockheed L-18 airplane types were orig
inally designed and certificated on the basis o f airworthiness standards 
in effect prior to 1940. These were contained in Bulletin 7-A promul
gated by the former Bureau o f Air Commerce and in the initial Part 04 
of the Civil Air Regulations which was basically a recodification of Bul
letin 7-A. Subsequently the Civil Aeronautics Board promulgated and 
kept up to date newer airworthiness requirements contained in Parts 3, 
4a, and 4b of the Civil Air Regulations, the latter two parts containing 
rules for transport category airplanes. The DC-3 and L-18 are the only 
large airplane types now in general use in the United States which retain 
the old standards as a basis for their certification. 

For a number of years after the initial certification o f these two air
plane types relatively few important design changes were introduced, 
and the airplane specifications regarding maximum certificated weights 
remained practically unchanged. More recently, however, several opera
tors have made significant design changes in DC-3 and L-18 airplanes 
and it has become apparent that with the continued use of these airplanes, 
more operators are considering design changes, such as the installation 
of higher powered engines and increases in maximum certificated weights. 
Although the basis for certification of these airplanes remains unchanged, 
the Administrator of Civil Aeronautics in some instances has made 
changes to the pertinent aircraft specifications by applying certain pro
visions o f Part 4a of the Civil Air Regulations. The Board does not 
consider Bulletin 7-A and the early versions of Part 04 adequate regula
tory bases upon which further modifications to these airplane types can 
be approved by the Administrator. 

The provisions of this Special Civil Air Regulation provide the basis 
for approval by the Administrator of future modifications o f individual 
DC-3 and L-18 airplanes. The provisions in section 1 of SR-398 permit-

51S636 0—58 6 
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TING THE ADMINISTRATOR TO WAIVE THE REQUIREMENTS OF THE REGULATION WHEN 
IT WAS SHOWN THAT A PARTICULAR AIRPLANE WAS IN THE PROCESS OF MODIFICATION 
AT THE TIME THAT REGULATION BECAME EFFECTIVE, HAS BEEN OMITTED FROM THIS 
REGULATION BECAUSE SR-398 HAS BEEN IN EFFECT FOR SUFFICIENT TIME TO ELIM
INATE THE NEED FOR WAIVER AUTHORITY BY THE ADMINISTRATOR. 

THIS REGULATION CONTINUES THE GENERAL PROVISIONS OF SR-398 WHICH RE
QUIRED THAT MODIFICATIONS OF DC-3 AND L-18 AIRPLANES BE ACCOMPLISHED 
IN ACCORDANCE WITH THE PROVISIONS OF EITHER PART 4A OR PART 4B OF THE 
CIVIL AIR REGULATIONS APPLICABLE TO THE MODIFICATION BEING MADE, AND 
WHICH WERE IN EFFECT ON SEPTEMBER 1, 1953, UNLESS THE APPLICANT ELECTS TO 
MAKE THE MODIFICATION IN ACCORDANCE WITH PART 4B AS IN EFFECT ON THE 
DATE OF MODIFICATION. THIS REGULATION REQUIRES, ALSO, THAT IN ELECTING TO 
PERFORM A MODIFICATION UNDER EITHER PART 4A OR PART 4B, EACH SPECIFIC 
MODIFICATION MUST BE ACCOMPLISHED IN ACCORDANCE WITH ALL OF THE PROVI
SIONS OF EITHER PART 4A OR PART 4B RELATED TO THE PARTICULAR MODIFICATION. 
IT DOES NOT PERMIT SELECTION OF CERTAIN PROVISIONS OF PART 4A AND OTHER 
PROVISIONS OF PART 4B. FOR EXAMPLE, IF IT WERE DESIRED TO MAKE A MODI
FICATION OF THE LANDING GEAR, IT COULD BE MADE UNDER EITHER PART 4A OR 
PART 4B, BUT NOT PARTIALLY UNDER PART 4A AND PARTIALLY UNDER PART 4B. 
THIS ALSO APPLIES WHEN THE APPLICANT ELECTS TO MAKE A MODIFICATION IN 
ACCORDANCE WITH THE PROVISIONS OF PART 4B IN EFFECT ON THE DATE OF MODI
FICATION IN LIEU OF PART 4A OR PART 4B AS IN EFFECT ON SEPTEMBER 1, 1953. 

IN ADDITION TO THE GENERAL PROVISIONS FOR MODIFICATION, THIS REGULA
TION CONTAINS THE SPECIFIC REQUIREMENTS OF SR-398 WITH RESPECT TO APPROVAL 
OF INCREASES IN TAKEOFF POWER LIMITATION AND THE INSTALLATION OF NEW TYPE 
ENGINES IN DC-3 AND L-18 AIRPLANES AND PROVIDES SOME ADDITIONAL REQUIRE
MENTS. THE INTENT OF THESE SPECIFIC REQUIREMENTS IS TO ENSURE THAT SUCH 
CHANGES WILL NOT RESULT IN A DECREASE IN SAFETY. THIS IS IN GENERAL 
CONSISTENT WITH THE POLICY FOLLOWED BY THE ADMINISTRATOR IN APPROVING 
CHANGES MADE PRIOR TO THE ADOPTION OF SR-398. 

IN THE CASE OF AN INCREASE IN THE TAKEOFF POWER LIMITATION BEYOND 1,200 
HORSEPOWER PER ENGINE, BUT NOT TO EXCEED 1,350 HORSEPOWER PER ENGINE, 
THIS REGULATION CONTINUES THE PROVISIONS OF SR-398 WHICH REQUIRED THAT 
THE INCREASE IN POWER SHALL NOT ADVERSELY AFFECT THE FLIGHT CHARACTERISTICS 
OF THE AIRPLANE. THE INTENT OF THIS PROVISION IS TO PERMIT INCREASES IN 
TAKEOFF POWER ONLY IF THE APPLICANT CAN SHOW THAT THE USE OF THE INCREASED 
POWER DOES NOT RESULT IN DETERIORATION OF THE FLIGHT CHARACTERISTICS OF 
THE AIRPLANE WHEN COMPARED TO ITS PREVIOUS CHARACTERISTICS. IT IS BELIEVED, 
HOWEVER, THAT INCREASES IN TAKEOFF POWER LIMITATION ABOVE 1,350 HORSEPOWER 
PER ENGINE MAY RESULT IN CHANGES IN THE ENGINE INSTALLATION AND THE AIR
PLANE'S FLIGHT CHARACTERISTICS TO SUCH AN EXTENT THAT THE BASIS FOR APPROVAL 
OF INCREASES IN HORSEPOWER PROVIDED IN SR-398 IS NO LONGER APPROPRIATE. 
SINCE PART 4B REPRESENTS THE MOST RECENT DESIGN PRACTICES, THIS REGULA
TION PROVIDES THAT THE TAKEOFF POWER LIMITATION MAY BE INCREASED BEYOND 
1,350 HORSEPOWER IF COMPLIANCE IS SHOWN WITH PART 4B AT THE INCREASED 
POWER WITH RESPECT TO THE ENGINE INSTALLATION PROVISIONS, THE FLIGHT CHAR
ACTERISTICS, AND THE GROUND HANDLING REQUIREMENTS. 

THIS REGULATION CONTAINS THE PROVISIONS OF SR-398 WHICH ESTABLISHED 
EITHER PART 4A OR PART 4B AS THE BASIS FOR APPROVING THE INSTALLATION OF 
ENGINES NOT EXCEEDING 1,830 CUBIC INCHES DISPLACEMENT WHICH NECESSITATE 
MAJOR MODIFICATION OR REDESIGN, ON THE CONDITION THAT THERE IS NO DE-
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CREASE IN ENGINE FIRE PREVENTION AND PROTECTION WHEN COMPARED TO THE 
PRIOR ENGINE INSTALLATION. SINCE THE USE OF ENGINES WITH MORE THAN 1,830 
CUBIC INCHES DISPLACEMENT WILL NECESSITATE EXTENSIVE MODIFICATION OF THE 
ENTIRE ENGINE INSTALLATION, IT APPEARS NECESSARY THAT SUCH AN INSTALLATION 
BE ACCOMPLISHED IN ACCORDANCE WITH THE MOST RECENT AIRWORTHINESS PRO
VISIONS OF THE REGULATIONS. THIS REGULATION, THEREFORE, REQUIRES THAT THE 
INSTALLATION OF THESE LARGER ENGINES BE ACCOMPLISHED IN ACCORDANCE WITH 
THE REQUIREMENTS OF PART 4B OF THE CIVIL AIR REGULATIONS. 

THIS REGULATION ALSO CONTINUES THE PROVISIONS OF SR-398 WHICH PER
MITTED ESTABLISHMENT OF NEW MAXIMUM CERTIFICATED WEIGHTS NOT TO EXCEED 
26,900 POUNDS FOR THE DC-3 AND 19,500 POUNDS FOR THE L-18. WHERE SUCH 
NEW MAXIMUM WEIGHTS ARE DESIRED, THE AIRWORTHINESS CERTIFICATES MAY BE 
AMENDED AND THE MAXIMUM WEIGHTS ESTABLISHED IN ACCORDANCE WITH THE 
TRANSPORT CATEGORY PERFORMANCE REQUIREMENTS OF EITHER PART 4A OR PART 
4B, SUBJECT TO THE STRUCTURAL LIMITATIONS OF THE AIRPLANE. WITH RESPECT 
TO MAXIMUM WEIGHTS IN EXCESS OF 26,900 POUNDS FOR THE DC-3 AND 19,500 
POUNDS FOR THE L-18, HOWEVER, IT IS CONSIDERED THAT SUCH INCREASES IN 
WEIGHT MAY SERIOUSLY AFFECT NOT ONLY THE STRUCTURAL LIMITATIONS, BUT ALSO 
THE FLIGHT AND GROUND HANDLING CHARACTERISTICS OF THE AIRPLANE. THIS REG
ULATION REQUIRES THAT WEIGHTS IN EXCESS OF 26,900 POUNDS FOR THE DC^3 
AND 19,500 POUNDS FOR THE L-18 SHALL BE ESTABLISHED IN ACCORDANCE WITH 
THE PERFORMANCE, STRUCTURAL, FLIGHT CHARACTERISTICS, AND GROUND HANDLING 
REQUIREMENTS OF PART 4B. 

IT SHOULD BE NOTED THAT IN CERTAIN CASES, SHOWING OF COMPLIANCE IS 
REQUIRED ON THE BASIS OF PART 4B OF THE CIVIL AIR REGULATIONS. IN SOME 
INSTANCES, LITERAL COMPLIANCE WITH THE PROVISIONS OF PART 4B MAY BE EX
TREMELY DIFFICULT TO ACCOMPLISH AND WOULD NOT CONTRIBUTE MATERIALLY TO 
THE OBJECTIVE SOUGHT. IN SUCH CASES THIS REGULATION PROVIDES THAT THE 
ADMINISTRATOR MAY TAKE INTO ACCOUNT THE EXPERIENCE GAINED WITH THE 
DC-3 AND L-18 AIRPLANES. WHERE SUCH EXPERIENCE JUSTIFIES IT, HE IS AU
THORIZED TO ACCEPT IN LIEU OF THE LITERAL PROVISIONS OF PART 4B SUCH MEASURES 
OF COMPLIANCE AS HE FINDS WILL EFFECTIVELY ACCOMPLISH THE BASIC OBJECTIVES. 

SR-398 ALSO REQUIRED, AS A BASIS FOR APPROVAL OF NEW MAXIMUM CER
TIFICATED WEIGHTS, THAT THE APPLICANT PROVIDE FLIGHT MANUAL MATERIAL CON
TAINING INFORMATION WHICH WILL PERMIT THE APPLICATION OF THE TRANSPORT 
CATEGORY PERFORMANCE OPERATING LIMITATIONS IN THE OPERATION OF THE AIR
PLANE. THIS SPECIAL CIVIL AIR REGULATION CONTINUES THIS REQUIREMENT. 
IN VIEW OF THE FACT THAT AN APPLICANT FOR NEW MAXIMUM CERTIFICATED WEIGHTS 
HAS SUCH WEIGHTS ESTABLISHED IN ACCORDANCE WITH THE TRANSPORT CATEGORY 
PERFORMANCE REQUIREMENTS OF EITHER PART 4A OR PART 4B, THIS REGULATION 
ALSO PROVIDES THAT AN AIRPLANE HAVING SUCH NEWLY ESTABLISHED WEIGHTS 
SHALL BE CONSIDERED A TRANSPORT CATEGORY AIRPLANE IN APPLYING THE OPERAT
ING RULES OF THE CIVIL AIR REGULATIONS. AS A RESULT, THEREFORE, SUCH AIR
PLANES WHEN USED IN AIR CARRIER PASSENGER SERVICE MUST BE OPERATED IN 
ACCORDANCE WITH THE TRANSPORT CATEGORY PERFORMANCE OPERATING LIMI
TATIONS, BUT WHEN USED IN OTHER TYPES OF SERVICES THE TRANSPORT CATEGORY 
PERFORMANCE OPERATING LIMITATIONS ARE NOT APPLICABLE AS AT PRESENT. CON
SIDERATION IS BEING GIVEN, HOWEVER, TO THE PROBLEM OF MAKING THEM APPLI
CABLE TO ALL TYPES OF OPERATIONS CONDUCTED IN TRANSPORT CATEGORY AIRPLANES. 
IF SUCH RULES ARE ESTABLISHED, THEN ALL DC-3 AND L-18 AIRPLANES, HAVING 



68 APPENDIX C A M 4a 

CERTIFICATED WEIGHTS INCREASED IN ACCORDANCE WITH SR-398 OR THIS REGU
LATION, WILL HAVE TO COMPLY WITH THESE RULES ALSO. IN THE MEANTIME, IT 
IS RECOMMENDED THAT OPERATORS, WHOSE AIRPLANES ARE APPROVED FOR IN
CREASED WEIGHTS BY REASON OF SR-398 OR BY THIS REGULATION, MAKE USE OF 
THIS INFORMATION TO AID IN ASSURING SAFETY IN THEIR OPERATIONS. 

INTERESTED PERSONS HAVE BEEN AFFORDED AN OPPORTUNITY TO PARTICIPATE 
IN THE MAKING OF THIS REGULATION, AND DUE CONSIDERATION HAS BEEN GIVEN 
TO ALL RELEVANT MATTER PRESENTED. 

IN CONSIDERATION OF THE FOREGOING, THE CIVIL AERONAUTICS BOARD HEREBY 
MAKES AND PROMULGATES THE FOLLOWING SPECIAL CIVIL AIR REGULATION EFFEC
TIVE SEPTEMBER 10, 1954: 

1. Applicability. CONTRARY PROVISIONS OF THE CIVIL AIR REGULATIONS 
REGARDING CERTIFICATION NOTWITHSTANDING,1 THIS REGULATION SHALL PROVIDE THE 
BASIS FOR APPROVAL BY THE ADMINISTRATOR OF MODIFICATIONS OF INDIVIDUAL 
DOUGLAS DC-3 AND LOCKHEED L-18 AIRPLANES SUBSEQUENT TO THE EFFECTIVE * 
DATE OF THIS REGULATION. 

2. General Modifications. EXCEPT AS MODIFIED IN SECTIONS 3 AND 4 OF 
THIS REGULATION, AN APPLICANT FOR APPROVAL OF MODIFICATIONS TO A DC-3 OR * 
L-18 AIRPLANE WHICH RESULT IN CHANGES IN DESIGN OR IN CHANGES TO AP
PROVED LIMITATIONS SHALL SHOW THAT THE MODIFICATIONS WERE ACCOMPLISHED 
IN ACCORDANCE WITH THE RULES OF EITHER PART 4A OR PART 4B IN EFFECT ON 
SEPTEMBER 1, 1953, WHICH ARE APPLICABLE TO THE MODIFICATION BEING MADE: 
Provided, THAT AN APPLICANT MAY ELECT TO ACCOMPLISH A MODIFICATION IN 
ACCORDANCE WITH THE RULES OF PART 4B IN EFFECT ON THE DATE OF APPLICATION 
FOR THE MODIFICATION IN LIEU OF PART 4A OR PART 4B AS IN EFFECT ON SEP-
TEMBER 1, 1953: And provided further, THAT EACH SPECIFIC MODIFICATION 
MUST BE ACCOMPLISHED IN ACCORDANCE WITH ALL OF THE PROVISIONS CONTAINED 
IN THE ELECTED RULES RELATING TO THE PARTICULAR MODIFICATION. 

3. Specific conditions for approval. AN APPLICANT FOR ANY APPROVAL 
OF THE FOLLOWING SPECIFIC CHANGES SHALL COMPLY WITH SECTION 2 OF THIS 
REGULATION AS MODIFIED BY THE APPLICABLE PROVISIONS OF THIS SECTION: 

(A) Increase in takeoff power limitation—1200 to 1,350 horse
power. THE ENGINE TAKE-OFF POWER LIMITATION FOR THE AIRPLANE MAY BE 
INCREASED TO MORE THAN 1,200 HORSEPOWER BUT NOT TO MORE THAN 1,350 HORSE
POWER PER ENGINE IF THE INCREASE IN POWER DOES NOT ADVERSELY AFFECT THE 
FLIGHT CHARACTERISTICS OF THE AIRPLANE. 

(B) Increase in takeoff power limitation to more than 1250 horse
power. THE ENGINE TAKEOFF POWER LIMITATION FOR THE AIRPLANE MAY BE 
INCREASED TO MORE THAN 1,350 HORSEPOWER PER ENGINE IF COMPLIANCE IS SHOWN 
.WITH THE FLIGHT CHARACTERISTICS AND GROUND HANDLING REQUIREMENTS OF * 
PART 4B. 

(C) Installation of engines of not more than 1,830 cubic inches 
displacement and not having a certificated take-off rating of more than 
1,350 horsepower. ENGINES OF NOT MORE THAN 1,830 CUBIC INCHES DISPLACE
MENT AND NOT HAVING A CERTIFICATED TAKEOFF RATING OF MORE THAN 1,350 
HORSEPOWER WHICH NECESSITATE A MAJOR MODIFICATION OR REDESIGN OF THE 
ENGINE INSTALLATION MAY BE INSTALLED, IF THE ENGINE FIRE PREVENTION AND 
FIRE PROTECTION ARE EQUIVALENT TO THAT ON THE PRIOR ENGINE INSTALLATION. 

1 It is not intended to waive compliance with such airworthiness requirements as are included in the operat
ing parts of the Civil Air Regulations for specific types of operation. 
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(d ) Installation of engines of more than 1,830 cubic inches dis
placement or having certificated takeoff rating of more than 1,350 horse
power. Engines of more than 1,830 cubic inches displacement or having 
certificated takeoff rating of more than 1,350 horsepower may be installed 
if compliance is shown with the engine installation requirements of Part 
4b : Provided, That where literal compliance with the engine installation 
requirements of Part 4b is extremely difficult to accomplish and would 
not contribute materially to the objective sought, and the Administrator 
finds that the experience with the DC-3 or L-18 airplanes justifies it, 
he is authorized to accept such measures of compliance as he finds will 
effectively accomplish the basic objective. 

4. Establishment of new maximum certificated weights. An appli
cant for approval of new maximum certificated weights shall apply for 
an amendment of the airworthiness certificate of the airplane and shall 
show that the weights sought have been established, and the appropriate 
manual material obtained, as provided in this section. (Note : Transport 
category performance requirements result in the establishment o f maxi
mum certificated weights for various altitudes.) 

(a) Weights—25,200 to 26,900 for the DCS and 18J00 to 19,500 
for the L-18. New maximum certificated weights of more than 25,200 
but not more than 26,900 pounds for DC-3 and more than 18,500 but not 
more than 19,500 pounds for L-18 airplanes may be established in ac
cordance with the transport category performance requirements of either 
Part 4a or Part 4b, if the airplane at the new maximum weights can 
meet the structural requirements of the elected part. 

(b ) Weights of more than 26,900 for the DC-3 and 19£Q0 for the 
L-18. New maximum certificated weights o f more than 26,900 pounds 
for DC-3 and 19,500 pounds for L-18 airplanes shall be established in 
accordance with the structural, performance, flight characteristics, and 
ground handling requirements of Part 4b: Provided, That where literal 
compliance with the structural requirements o f Part 4b is extremely diffi
cult to accomplish and would not contribute materially to the objective 
sought, and the Administrator finds that the experience with the DC-3 
or L-18 airplanes justifies it, he is authorized to accept such measures 
of compliance as he finds will effectively accomplish the basic objective. 

( c ) Airplane flight manual—performance operating information. 
An approved airplane flight manual shall be provided for each DC-3 and 
L-18 airplane which has had new maximum certificated weights estab
lished under this section. The airplane flight manual shall contain the 
applicable performance information prescribed in that part of the regu
lations under which the new certificated weights were established and 
such additional information as may be necessary to enable the applica
tion of the takeoff, en route, and landing limitations prescribed for trans
port category airplanes in the operating parts of the Civil Air Regulations. 

(d ) Performance operating limitations. Each airplane for which 
new maximum certificated weights are established in accordance with 
paragraphs (a ) or (b) of this section shall be considered a transport 
category airplane for the purpose of complying with the performance 
operating limitations applicable to the operations in which it is utilized. 
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5. Reference. UNLESS OTHERWISE PROVIDED, ALL REFERENCES IN THIS REGU
LATION TO PART 4A AND PART 4B ARE THOSE PARTS OF THE CIVIL AIR REGULATIONS 
IN EFFECT ON SEPTEMBER 1, 1953. 

Note: Parts 4a and 4b as amended and in effect on September 1, 1953, were published 
in the Federal Register at the fallowing citations: 

Part 4a, 14 F.R. 4072, 14 F.R. 3742,14 F.R. 6769,15 F.R. 28,17 F.R. 11631. 
Part 4b, 15 F.R. 3543, 15 F.R. 8903, 15 F.R. 9184, 16 F.R. 314, 16 F.R. 11759, 16 F.R. 12220, 17 

F.R. 1087, 17 F.R. 11631, 18 F.R. 2213. 

THIS REGULATION SUPERSEDES SPECIAL CIVIL AIR REGULATION SR-398 AND 
SHALL REMAIN EFFECTIVE UNTIL SUPERSEDED OR RESCINDED BY THE BOARD. 



SPECIAL CIVIL AIR REGULATION NO. SR-411A 

Effective: July 1, 1957 
Adopted: June 28, 1957 

Trial Operation of Transport Category Airplanes in Cargo Service at Increased Zero 
Fuel and Landing Weights 

On June 30, 1955, the Civil Aeronautics Board adopted Special Civil 
Air Regulation No. SR-411 authorizing for a period of 2 years' trial 
operations o f transport category airplanes in cargo service at weights 
in excess of those permitted in passenger service. The weights involved 
are the zero fuel weight (maximum weight o f the airplane with no dis
posable fuel and oi l ) and the structural landing weight. The use o f 
the higher weights is made contingent upon certain findings by the Ad
ministrator and upon certain conditions of operation and inspection. 

Prior to the adoption o f SR-411, trial operations of Douglas DC-6A 
airplanes at higher weights were authorized in orders issued by the Board 
to individual carriers. The first of such orders was issued on July 21, 
1954. Authorization o f the trial operations was predicated on the premise 
that such operations could eventually lead to the establishment of a 
sound basis for differentiating between standards for passenger and cargo 
air carrier operations. The success of the trial operations under the 
Board's orders led to the promulgation of SR-411 which permits any 
number of any type of transport category airplane to be operated at 
increased weights in cargo service. The basic intent of SR-411 was to 
obtain a more extensive background of operating experience to assure 
that the conditions governing the trial operations do in fact provide a 
sound basis for establishing possible future standards for airplanes in 
cargo operations. 

Prior to the effective date of SR-411, there were a total of 6 DC-6A 
airplanes being used by 3 operators under waivers at higher weights. 
As of December 30, 1956, such operations encompassed 23 DC-6A air
planes and 5 operators. More recently Lockheed L1049-H airplanes have 
been introduced in cargo service at increased weights. Results of inspec
tions submitted thus far to the Board have revealed no serious structural 
defects which could be attributed to operation at the increased weights. 

In the preamble to SR-411, the Board indicated that it expected to 
have interested persons submit their evaluation of the trial operations 
and recommendations with respect to future regulatory action. In this 
regard, industry segments directly related to the trial operations under 
SR-411 recommended that the authorization for trial operations be con
tinued on the basis that such operations have not resulted in any indi
cations of structural distress and on the basis of the economic importance 
of such trial operations to the promotion and success of cargo service. 
Based on the foregoing and on the evaluation of the inspection and opera
tional reports submitted by the air carriers, the Board finds that there 
is sufficient justification to permit the continuation of trial operations 
beyond June 30, 1957, the termination date of Special Civil Air Regula
tion No . SR-411. From the operational data submitted by the operators, 
the scope of operations under SR-411 has been such that substantiation 
of the conditions for these operations for inclusion in the regulations 

CAM to 71 
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ON A PERMANENT BASIS WILL ENTAIL A LONG RANGE PROGRAM. CONSEQUENTLY, 
THE TERMINATION DATE OF THIS REGULATION IS BEING ESTABLISHED TO PERMIT 
TRIAL OPERATIONS FOR AN ADDITIONAL FIVE-YEAR PERIOD. 

IN CONNECTION WITH THE RULEMAKING PROCEDURES EFFECTED ON THIS MATTER, 
IT WAS SUGGESTED THAT THE BOARD EXTEND THE TRIAL OPERATIONS FOR A PERIOD 
NO LONGER THAN ONE OR TWO YEARS ON THE PREMISE THAT THE SHORTER TIME 
EXTENSION WOULD PERMIT CLOSER CONTROL OF THESE OPERATIONS. THE BOARD 
FAILS TO FIND ANY RELATIONSHIP BETWEEN THE EXTENSION PERIOD AND THE QUALITY 
OF CONTROL EXERTED OVER THE TRIAL OPERATIONS INASMUCH AS THE BOARD INTENDS 
TO CONTINUE ITS EVALUATION OF THE INSPECTION REPORTS SUBMITTED BY THE 
OPERATORS AT REGULAR INTERVALS AND ENVISIONS THAT THE INDUSTRY AND THE 
ADMINISTRATOR WILL DO LIKEWISE. 

SUGGESTIONS WERE ALSO RECEIVED TO THE EFFECT THAT THE TRIAL OPERATIONS 
SHOULD NOT BE LIMITED ONLY TO THE OLDER TYPE AIRPLANES, AS PROPOSED IN 
THE NOTICE OF PROPOSED RULEMAKING; I.E., TO AIRPLANES CERTIFICATED PRIOR TO 
MARCH 13, 1956. IN THIS REGARD, THE BOARD CONSIDERS THAT IN VIEW OF THE 
NEW CONCEPT OF STRUCTURAL DESIGN REQUIREMENTS AS WELL AS OTHER RELATED 
CHANGES IN THESE REQUIREMENTS WHICH WERE INTRODUCED ON THE AFOREMEN
TIONED DATE INTO PART 4B OF THE CIVIL AIR REGULATIONS ALONG WITH THE NEW 
CONCEPT OF STRUCTURAL DESIGN, IT IS ADVISABLE THAT SOME EXPERIENCE BE 
GAINED WITH AIRPLANES CERTIFICATED UNDER THOSE PROVISIONS AT THE NORMAL 
TRANSPORT CATEGORY WEIGHTS BEFORE PERMITTING SUCH AIRPLANES TO OPERATE 
AT THE HIGHER WEIGHT. ACCORDINGLY, THIS SPECIAL REGULATION EXTENDS THE 
AUTHORIZATION TO OPERATE AT HIGHER WEIGHTS ONLY TO AIRPLANES CERTIFICATED 
IN ACCORDANCE WITH THE TRANSPORT CATEGORY REQUIREMENTS IN EFFECT PRIOR TO 
MARCH 13, 1956. 

IT SHOULD BE NOTED THAT, AS INDICATED IN THE PREAMBLE TO SR-411, THE 
BOARD ENVISIONS THAT MOST OF THE AIRPLANES TAKING ADVANTAGE OF THIS REGU
LATION WILL CONTINUE TO BE USED IN CARGO SERVICE SOLELY. HOWEVER, IF ANY 
OF THE AIRPLANES OPERATED UNDER THE PROVISIONS OF THIS REGULATION ARE TO 
BE MADE ELIGIBLE AT ANY LATER TIME FOR PASSENGER SERVICE, THE PROVISIONS 
OF THIS REGULATION REQUIRE ACCOMPLISHMENT OF A SPECIAL INSPECTION AND AN 
EVALUATION OF THE FATIGUE LIMITATIONS. IT IS SUGGESTED THAT, IF IT IS CON
TEMPLATED TO RETURN THE AIRPLANE TO PASSENGER SERVICE, THE ESTABLISHMENT 
OF SPECIAL INSPECTIONS AND THE EVALUATION OF THE FATIGUE LIMITATIONS BE 
ACCOMPLISHED PRIOR TO INCREASING THE AIRPLANE WEIGHT FOR CARGO SERVICE. 
IT IS NOT THE INTENT OF THIS REGULATION TO PERMIT INTERMITTENT OPERATIONS 
IN PASSENGER AND CARGO SERVICE. 

THE PROVISIONS OF THIS REGULATION DIFFER FROM THE PROVISIONS OF SPECIAL 
CIVIL AIR REGULATION NO. SR-411 IN THAT THEY ARE MADE APPLICABLE ONLY 
TO AIRPLANES CERTIFICATED IN ACCORDANCE WITH THE TRANSPORT CATEGORY STRUC
TURAL REQUIREMENTS EFFECTIVE PRIOR TO MARCH 13, 1956; THEY REQUIRE INSPEC
TION AND FLIGHT DATA RECORDS TO BE KEPT AVAILABLE FOR NO LONGER THAN ONE 
YEAR; AND THEY REQUIRE FLIGHT RECORDS (AS DISTINGUISHED FROM INSPECTION 
RECORDS) TO BE MADE ONLY WITH RESPECT TO THOSE FLIGHTS INVOLVING INCREASED 
WEIGHTS, RATHER THAN FOR ALL FLIGHTS REGARDLESS OF WHETHER OR NOT THEY 
ARE MADE AT THE INCREASED WEIGHTS. 

INTERESTED PERSONS HAVE BEEN AFFORDED AN OPPORTUNITY TO PARTICIPATE 
IN THE MAKING OF THIS REGULATION (22 F.R. 3416), AND DUE CONSIDERATION 
HAS BEEN GIVEN TO ALL RELEVANT MATTER PRESENTED. SINCE THIS REGULATION 
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imposes no additional burden on any persons, it may be made effective 
on less than 30 days' notice. 

In consideration of the foregoing, the Civil Aeronautics Board hereby 
makes and promulgates the following Special Civil Air Regulation, 
effective July 1, 1957. 

Notwithstanding the applicable structural provisions of the Civil Air 
Regulations, any air carrier may operate in cargo service transport cate
gory airplanes which were certificated under the provisions of Part 4a 
or Part 4b, effective prior to March 13, 1956, subject to the conditions 
hereinafter set forth: 

(1) The air carrier shall submit an application to the Adminis
trator indicating its desire to operate its airplane(s) under the provisions 
of this special regulation, and indicating which airplane(s) would be 
involved. 

(2) The air carrier shall furnish a statement from each manu
facturer for each type of airplane involved indicating in each case that 
the airplane manufacturer approves the operation of such type o f airplane 
under the provisions of this regulation and that the airplane manufac
turer will establish the inspection procedure prescribed in paragraph (4) 
of this Special Civil Air Regulation and will supervise such inspection 
as necessary. 

(3) The zero fuel weight (maximum weight of the airplane with 
no disposable fuel and oil) and the structural landing weight may be 
increased beyond the maxima approved in full compliance with the ap
plicable Civil Air Regulations: Provided, That the Administrator of Civil 
Aeronautics finds that the increase in either such weight is not likely 
to reduce seriously the structural strength, that the probability of sudden 
fatigue failure is not noticeably increased, and that the flutter, defor
mation, and vibration characteristics do not fall below those required 
by the Civil Air Regulations: And provided further, That any increase in 
the zero fuel weight approved shall not exceed 5 percent and that the 
increase in the structural landing weight shall not exceed the amount, 
in pounds, of the increase in the zero fuel weight. 

(4) Airplanes for which the increased weights become effective 
shall be subject to inspections in addition to those normally performed, 
such inspections to be established by the manufacturer of the type air
plane concerned, subject to the approval of the Administrator of Civil 
Aeronautics and to be supervised as found necessary by that manufac
turer, to safeguard against possible structural distress resulting from 
the higher operating stress levels. The air carrier shall keep for a pe
riod of at least one year, and make available upon request to the Civil 
Aeronautics Board, the Administrator of Civil Aeronautics, or the man
ufacturer of the type of airplane concerned, the records of such 
inspections. 

(5) Airplanes for which the increased weights become effective 
shall be operated in accordance with the transport category performance 
operating limitations prescribed in Part 40, 41, or 42 of the Civil Air 
Regulations, whichever is applicable. 

(6) The air carrier shall keep for a period of at least one year 
and make available upon request to the Civil Aeronautics Board, the 
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ADMINISTRATOR OF CIVIL AERONAUTICS, OR THE MANUFACTURER OF THE TYPE 
AIRPLANE CONCERNED, RECORDS OF ALL FLIGHTS CONDUCTED AT INCREASED WEIGHTS 
WITH AIRPLANES FOR WHICH THE INCREASED WEIGHTS BECOME EFFECTIVE, SUCH 
RECORDS TO INCLUDE THE ACTUAL TAKEOFF, ZERO FUEL, AND LANDING WEIGHTS. 

(7) THE AIRPLANE FLIGHT MANUAL OF EACH AIRPLANE OPERATING UNDER 
THE PROVISIONS OF THIS SPECIAL REGULATION SHALL BE APPROPRIATELY REVISED 
SO AS TO INCLUDE THE NECESSARY OPERATING LIMITATIONS AND OPERATING 
INFORMATION. 

(8) AN AIRPLANE WHICH HAS BEEN OPERATED AT INCREASED WEIGHTS 
UNDER THE PROVISIONS OF THIS REGULATION SHALL NOT BE USED FOR THE CARRIAGE 
OF PASSENGERS, EXCEPT UNDER THE FOLLOWING CONDITIONS: 

(A) SPECIAL INSPECTIONS ESTABLISHED BY THE MANUFACTURER AND 
APPROVED BY THE ADMINISTRATOR OF CIVIL AERONAUTICS SHALL HAVE BEEN 
ACCOMPLISHED. 

(B) THE EFFECTS OF THE OPERATIONS AT INCREASED WEIGHTS ON STRUC
TURAL FATIGUE SHALL HAVE BEEN EVALUATED BY THE AIRPLANE MANUFACTURER 
AND TAKEN INTO ACCOUNT IN ANY FATIGUE LIMITATIONS ESTABLISHED FOR THE 
AIRPLANE. 

THIS REGULATION SHALL TERMINATE ON JUNE 30,1962, UNLESS SOONER SUPER
SEDED OR RESCINDED BY THE BOARD. 



SPECIAL CIVIL AIR REGULATION NO. SR-426 

Effective: October 27, 1958 
Adopted: September 22, 1958 

Performance Credit for Transport Category Airplanes Equipped with Standby Power 

Standby power is power and/or thrust obtained from rocket engines 
and is separate from the power obtained from the airplane's main en
gines. Such power and/or thrust is available for a relatively short period 
for use in cases of emergency. The standby power system may be capable 
of producing more than a single thrust period. This special regulation 
authorizes the Administrator to grant performance credit to transport 
category airplanes when standby power is used in one or more of the 
following regimes o f flight: Takeoff with one engine inoperative, approach 
climb with one engine inoperative, and the balked landing climb. By 
"performance credit" is meant the taking into account the increased per
formance of the airplane with standby power and, because thereof, the 
approval of higher maximum weights for the airplane than the weights 
approved on the basis of the airplane's performance without standby 
power. In granting performance credit, this regulation prescribes the 
applicable conditions and limitations. 

Rocket assist takeoff units were developed initially for the military 
services to provide additional takeoff power for heavily loaded flying 
boats and carrier-based aircraft. The additional thrust improved the 
climb performance in the takeoff regime and permitted the airplane to 
attain a safe altitude and air speed in the event of engine failure. The 
reliability of such units has increased to the point where some civil opera
tors have adopted them for use as emergency standby power in the event 
of engine failure. Other operators have been reluctant to adopt standby 
power installations and the attendant weight penalties without reasonable 
performance credit being given the airplane. With the performance 
credit granted by this regulation for the use of standby power, it is 
anticipated that such credit might be considered a compensating economic 
factor justifying the installation of standby power on such airplanes. 

The currently effective regulations did not contemplate the use of 
standby power; however, the Administrator of Civil Aeronautics has 
established for an interim period a conservative policy permitting trans
port category airplanes equipped with standby power to operate at an 
increase in the normally approved weights by an amount equal to the 
weight of the standby power units. 

In this regulation, the criteria for granting performance credit were 
formulated with the intent of providing an overall level of performance 
equivalent to that intended by the currently effective regulations. To 
this end, appropriate criteria are established with respect to the amount 
of performance credit which may be applied in determining the new 
takeoff paths, the extent to which the maximum certificated takeoff and 
landing weights may be increased, and operating procedures to be fol
lowed in service for the use of standby power and for the associated 
changes in the airplane's configuration and speed. 

The basic element of the various criteria established in this regu
lation entails a comparison of flight paths. In Civil Air Regulations 
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Draft Release No. 57-28, all o f the flight paths were based on procedures 
involving attainment of the en route configuration and the acceleration 
to a safe en route speed. Further consideration of this proposal indi
cates that an undue amount of flight testing and computation would 
be required for those flight conditions which presently do not involve 
the establishment of such flight paths. In addition, it appears that com
parison of flight paths involving a particular procedure is not essential 
for the purpose of establishing an equivalent level of safety. In view 
of the foregoing, this regulation requires comparison of flight paths with 
respect to the takeoff regime consistent only with that required by the 
currently effective airworthiness performance requirements; i.e., Part 
4b and Special Civil Air Regulations Nog. SR-422 and SR-422A. Fur
ther, the establishment of maximum landing weights is based on a com
parison of flight paths obtained with a fixed airplane configuration and 
at the speed and power condition appropriate to the all-engines-operating 
landing climb or the one-engine-inoperative approach climb, as applicable. 

Performance credit for standby power with respect to the takeoff 
path is limited by the specification that the all-engines-operating takeoff 
path reflect a conservatively greater margin of overall performance than 
the one-engine-inoperative takeoff path with standby power in use. It 
is intended that this margin exist throughout the takeoff path prescribed 
by the applicable performance requirements. This regulation provides 
for the establishment of the margin by the Administrator; however, in 
no case can this margin be less than 15 percent. In view of the many 
different types of airplanes to which this regulation is applicable, a 
higher margin might be necessary in certain cases to insure safe day-to
day operations. 

For reciprocating-engine-powered airplanes, the provisions of this 
regulation require that the applicant establish a procedure for the use 
of standby power for. attaining the en route configuration and a safe 
en route speed in the event of an engine failure during the takeoff. 
Provisions for such procedures are contained in the regulations for 
turbine-powered airplanes and will therefore be applicable to such air
planes. The establishment of the procedures made applicable to 
reciprocating-engine-powered airplanes is left to the discretion of the ap
plicant to select the altitude at which the acceleration is to take place, 
the basic limitation being that the slope along all points o f the airborne 
portion of the takeoff path must be positive. This will provide for the 
critical operation of cleanup and acceleration during the takeoff which 
are not covered by the performance requirements of Part 4b and which 
have been cited in the past in connection with several accidents. In 
addition, with respect to the clearing of obstacles, the takeoff path sched
uled in the Airplane Flight Manual for airplanes for which the per
formance requirements o f Part 4b are applicable must be appropriately 
modified to reflect the effect of the aforementioned procedure. 

The criteria for the establishment of maximum certificated takeoff 
weights involve two separate comparisons of takeoff paths. These com
parisons must be carried out to a height of 400 feet above the takeoff 
surface. This minimum height is intended to be associated with a pro
cedure where standby power is actuated within the neighborhood of 
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the critical engine failure speed VI. These provisions are intended to 
limit the increase in maximum takeoff weight consistent with the overall 
level of performance currently attained with respect to the one-engine-
inoperative takeoff and to limit the amount of standby power for which 
performance credit can be granted to insure a reasonable margin of 
performance for the all-engine day-to-day operations. 

The provisions for the establishment o f maximum certificated landing 
weights require only a comparison between two flight paths based on a 
steady climb and fixed configuration. One represents a climb path at 
the maximum weight previously certificated without standby power and 
the other a climb path at the increased weight with standby power. In 
addition, there is a provision which requires the establishment of pro
cedures for the execution o f balked landings and missed approaches in 
conjunction with the use of standby power. 

A question has been raised as to whether duplicate sets of standby 
power units are required to obtain performance credit for both the takeoff 
and the approach stages of flight. It is intended by this regulation to 
require duplicate sets of standby power for a flight for which the use 
of standby power is necessary to comply with both the maximum cer
tificated takeoff and the maximum certificated approach weight limita
tions. Where the use of standby power is necessary for compliance with 
the maximum certificated weight limitations for only one regime of flight, 
i.e., takeoff or approach, one set of standby power units is required. 

There are also included safety criteria for the installation and opera
tion of the standby power system. 

The Board presently has under consideration a special regulation 
which would be applicable to nontransport category airplanes equipped 
with standby power. 

Interested persons have been afforded an opportunity to participate 
in the making of this regulation (22 F.R. 10464), and due consideration 
has been given to all relevant matter,presented. 

In consideration of the foregoing, the Civil Aeronautics Board hereby 
makes and promulgates the following Special Civil Air Regulation, effec
tive October 27, 1958. 

Contrary performance provisions of the Civil Air Regulations not
withstanding, the Administrator may grant performance credit for the 
use of standby power on transport category airplanes. Such credit shall 
be applicable only to the maximum certificated takeoff and landing 
weights, the takeoff distance, and the takeoff paths, and shall not exceed 
that found by the Administrator to result in an overall level o f safety 
in the takeoff, approach, and landing regimes of flight equivalent to that 
prescribed in the regulations under which the airplane was originally 
certificated without standby power. (Note : Standby power is power 
and/or thrust obtained from rocket engines for a relatively short period 
and actuated only in cases of emergency.) The following provisions 
shall apply: 

(1) Takeoff; general. The takeoff data prescribed in sections (2) 
and (3) shall be determined at all weights and altitudes, and at ambient 
temperatures if applicable, at which performance credit is to be applied. 
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(2) Takeoff path. 
(A) THE ONE-ENGINE-INOPERATIVE TAKEOFF PATH WITH STANDBY POWER 

IN USE SHALL BE DETERMINED IN ACCORDANCE WITH THE PERFORMANCE REQUIRE
MENTS OF THE APPLICABLE AIRWORTHINESS REGULATIONS. 

(B) THE ONE-ENGINE-INOPERATIVE TAKEOFF PATH (EXCLUDING THAT 
PORTION WHERE THE AIRPLANE IS ON OR JUST ABOVE THE TAKEOFF SURFACE) DE
TERMINED IN ACCORDANCE WITH PARAGRAPH (A) OF THIS SECTION SHALL LIE ABOVE 
THE ONE-ENGINE-INOPERATIVE TAKEOFF PATH WITHOUT STANDBY POWER AT THE 
MAXIMUM TAKEOFF WEIGHT AT WHICH ALL OF THE APPLICABLE AIRWORTHINESS 
REQUIREMENTS ARE MET. FOR THE PURPOSE OF THIS COMPARISON, THE FLIGHT 
PATH SHALL BE CONSIDERED TO EXTEND TO AT LEAST A HEIGHT OF 400 FEET ABOVE 
THE TAKEOFF SURFACE. 

(C) THE TAKEOFF PATH WITH ALL ENGINES OPERATING, BUT WITHOUT 
THE USE OF STANDBY POWER, SHALL REFLECT A CONSERVATIVELY GREATER OVERALL 
LEVEL OF PERFORMANCE THAN THE ONE-ENGINE-INOPERATIVE TAKEOFF PATH ESTAB
LISHED IN ACCORDANCE WITH PARAGRAPH (A) OF THIS SECTION. THE AFOREMEN
TIONED MARGIN SHALL BE ESTABLISHED BY THE ADMINISTRATOR TO INSURE SAFE 
DAY-TO-DAY OPERATIONS, BUT IN NO CASE SHALL IT BE LESS THAN 15 PERCENT. 
THE ALL-ENGINES-OPERATING TAKEOFF PATH SHALL BE DETERMINED BY A PROCEDURE 
CONSISTENT WITH THAT ESTABLISHED IN COMPLYING WITH PARAGRAPH (A) OF 
THIS SECTION. 

(D) FOR RECIPROCATING-ENGINE-POWERED AIRPLANES, THE TAKEOFF 
PATH TO BE SCHEDULED IN THE AIRPLANE FLIGHT MANUAL SHALL REPRESENT THE 
ONE-ENGINE-INOPERATIVE TAKEOFF PATH DETERMINED IN ACCORDANCE WITH PARA
GRAPH (A) OF THIS SECTION AND MODIFIED TO REFLECT THE PROCEDURE (SEE SEC. 
(6)) ESTABLISHED BY THE APPLICANT FOR FLAP RETRACTION AND ATTAINMENT OF 
THE EN ROUTE SPEED. THE SCHEDULED TAKEOFF PATH SHALL HAVE A POSITIVE 
SLOPE AT ALL POINTS OF THE AIRBORNE PORTION AND AT NO POINT SHALL IT LIE 
ABOVE THE TAKEOFF PATH SPECIFIED IN PARAGRAPH (A) OF THIS SECTION. 

(3) Takeoff distance. THE TAKEOFF DISTANCE SHALL BE THE HORIZON
TAL DISTANCE ALONG THE ONE-ENGINE-INOPERATIVE TAKEOFF PATH DETERMINED IN 
ACCORDANCE WITH SECTION (2) (A) FROM THE START OF THE TAKEOFF TO THE POINT 
WHERE THE AIRPLANE ATTAINS A HEIGHT OF 50 FEET ABOVE THE TAKEOFF SURFACE 
FOR RECIPROCATING-ENGINE-POWERED AIRPLANES AND A HEIGHT OF 35 FEET ABOVE 
THE TAKEOFF SURFACE FOR TURBINE-POWERED AIRPLANES. 

(4) Maximum certificated takeoff weights. THE MAXIMUM CERTIFI
CATED TAKEOFF WEIGHTS SHALL BE DETERMINED AT ALL ALTITUDES, AND AT AMBIENT 
TEMPERATURES IF APPLICABLE, AT WHICH PERFORMANCE CREDIT IS TO BE APPLIED 
AND SHALL NOT EXCEED THE WEIGHTS ESTABLISHED IN COMPLIANCE WITH PARA
GRAPHS (A) AND (B) OF THIS SECTION. 

(A) THE CONDITIONS OF SECTION (2) (B) THROUGH (D) SHALL BE MET 
AT THE MAXIMUM CERTIFICATED TAKEOFF WEIGHT. 

(B) WITHOUT THE USE OF STANDBY POWER, THE AIRPLANE SHALL MEET 
ALL OF THE EN ROUTE REQUIREMENTS OF THE APPLICABLE AIRWORTHINESS REGU
LATIONS UNDER WHICH THE AIRPLANE WAS ORIGINALLY CERTIFICATED. IN ADDITION, 
TURBINE-POWERED AIRPLANES WITHOUT THE USE OF STANDBY POWER SHALL MEET 
THE FINAL TAKEOFF CLIMB REQUIREMENTS PRESCRIBED IN THE APPLICABLE AIR
WORTHINESS REGULATIONS. 

(5) Maximum certificated landing weights. 
(A) THE MAXIMUM CERTIFICATED LANDING WEIGHTS (ONE-ENGINE-

INOPERATIVE APPROACH AND ALL-ENGINES-OPERATING LANDING CLIMB) SHALL BE 
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determined at all altitudes, and at ambient temperatures if applicable, 
at which performance credit is to be applied and shall not exceed that 
established in compliance with the provisions of paragraph (b) of this 
section. 

(b) The flight path, with the engines operating at the power 
and/or thrust appropriate to the airplane configuration and with standby 
power in use, shall lie above the flight path without standby power in 
use at the maximum weight at which all of the applicable airworthiness 
requirements are met. In addition, the flight paths shall comply with 
the provisions of subparagraphs ( i) and (ii) of this paragraph. 

( i ) The flight paths shall be established without changing 
the appropriate airplane configuration. 

(ii) The flight paths shall be carried out for a minimum 
height of 400 feet above the point where standby power is actuated. 

(6) Airplane configuration, speed, and power and/or thrust; gen
eral. Any change in the airplane's configuration, speed, and power 
and/or thrust shall be made in accordance with the procedures estab
lished by the applicant for the operation of the airplane in service and 
shall comply with the provisions of paragraphs (a) through ( c ) of this 
section. In addition, procedures shall be established for the execution 
of balked landings and missed approaches. 

(a) The Administrator shall find that the procedure can be con
sistently executed in service by crews of average skill. 

(b) The procedure shall not involve methods or the use of 
devices which have not been proven to be safe and reliable. 

(c ) Allowances shall be made for such time delays in the exe
cution of the procedures as may be reasonably expected to occur during 
service. 

(7) Installation and operation; standby power. The standby 
power unit and its installation shall comply with the provisions of para
graphs (a) and (b) of this section. 

(a) The standby power unit and its installation shall not ad
versely affect the safety of the airplane. 

(b) The operation of the standby power unit and its control 
shall have proven to be safe and reliable. 
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