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pilot in power-off landings at normal landing 
speed and during which brakes or engine 
power are not used to maintain a straight path. 

(c) Means shall be provided for adequate 
directional control during taxying. 

3.146 Shock absorption. The shock-ab­
sorbing mechanism shall not produce damage 
to the structure when the airplane is taxied 
on the roughest ground which it is reasonable 
to expect the airplane to encounter in normal 
operation. 

3.147 Spray characteristics. For sea­
planes, spray during taxying, take-off, and 
landing shall at no time dangerously obscure 
the vision of the pilots nor produce damage 
to the propeller or other parts of the airplane. 

FLUTTER AND VIBRATION 

3.159 Flutter and vibration. All parts of 
the airplane shall be demonstrated to be free 
from flutter and excessive vibration under all 
speed and power conditions appropriate to the 
operation of the airplane up to at least the 
minimum value permitted for F a in section 
3.184. There shall also be no buffeting con­
dition in any normal flight condition severe 
enough to interfere with the satisfactory con­
trol of the airplane or to cause excessive fatigue 
to the crew or result in structural damage. 
However, buffeting as stall warning is con­
sidered desirable and discouragement of this 
type of buffeting is not intended. 

SUBPART C—STRENGTH REQUIREMENTS 

General 
3.171 Loads. 
(a) Strength requirements are specified in 

terms of limit and ultimate loads. Limit loads 
are the maximum loads anticipated in service. 
Ultimate loads are equal to the limit loads 
multiplied by the factor of safety. Unless 
otherwise described, loads specified are limit 
loads. 

(b) Unless otherwise provided, the specified 
air, ground, and water loads shall be placed in 
equilibrium with inertia forces, considering all 
items of mass in the airplane. All such loads 
shall be distributed in a manner conserva­
tively approximating or closely representing 
actual conditions. If deflections under load 
would change significantly the distribution of 

external or internal loads, such redistribution 
shall be taken into account. 

(c) Simplified structural design criteria shall 
be acceptable if the Administrator finds that 
they result in design loads not less than those 
prescribed in sections 3.181 through 3.265. 

3.171-1 Design criteria (CAA policies which 
apply to sec. 3.171 (c)). The Administrator 
finds that the simplified structural design 
criteria contained in Appendix A to Civil 
Aeronautics Manual 3, result in design loads 
not less than those prescribed in sections 3.181 
through 3.265. 

(Supp. 16, effective Jan. 31, 1953, 17 F. R. 11786, 
Dec. 30, 1952.) 

[3.171-2 Design loads and load distributions 
(CAA policies which apply to sex;. 3.171 (&)). 
The simplified method in appendix D to Civil 
Aeronautics Manual 3 may be used to determine 
the air loads and air load distributions resulting 
from the use of tip stores for low speed, low 
altitude (design Mach number less than 0,4; 
design altitude less than 15,000 ft.) airplanes 
with small amounts of sweep (i. e., midchord 
angles of sweep less than 15 degrees).] 

(22 F. R. 10016, Dec. 13, 1957, effective Jan. 15, 
1958.) 

3.172 Factor of safety. The factor of 
safety shall be 1.5 unless otherwise specified. 

3.173 Strength and deformations. The 
structure shall be capable of supporting limit 
loads without suffering detrimental permanent 
deformations. At all loads up to limit loads, 
the deformation shall be such as not to inter­
fere with safe operation of the airplane. The 
structure shall be capable of supporting ulti­
mate loads without failure for at least 3 seconds, 
except that when proof of strength is demon­
strated by dynamic tests simulating actual con­
ditions of load application, the 3-second limit 
does not apply. 

3.173-1 Dynamic tests (CAA policies which 
apply to sec. 3.17$). 

(a) Section 3.173 permits dynamic testing in 
lieu of stress analysis or static testing in the 
proof of compliance of the structure with 
strength and deformation requirements. In 
demonstrating, by dynamic tests, proof of 
strength of landing gears for the stipulated 
landing conditions contained in sections 3.245, 
3.246, and 3.247, it is necessary to employ a 
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procedure which will not result in the accepting 
of landing gears weaker than those qualified for 
acceptance under present procedures, i. e., stress 
analysis or static testing. 

(b) The Administrator will accept, as an 
adequate procedure for this purpose, the follow­
ing dynamic tests: 

The structure shall be dropped a minimum 
of 10 times from the limit drop height, and at 
least one time from the ultimate drop height, 
for each basic design condition for which proof 
of strength is being made by drop tests. 

(c) With regard to the extent to which the 
structure can be proved by dynamic tests, such 
dynamic tests shall be accepted as proof of 
strength for only those elements of the structure 
for which it can be shown that the critical limit 
and ultimate loads have been reproduced. 

(Supp. 1, 12 F. R. 3435, May 28, 1947, as amended 
by Amdt. 1, 14 F. R. 36, Jan. 5, 1949.) 

3.174 Proof of structure. Proof of com­
pliance of the structure with the strength and 
deformation requirements of section 3.173 shall 
be made for all critical loading conditions. 
Proof of compliance by means of structural 
analysis will be accepted only when the struc­
ture conforms with types for which experience 
has shown such methods to be reliable. In all 
other cases substantiating load tests are re­
quired. Dynamic tests including structural 
flight tests shall be acceptable, provided that it 
is demonstrated that the design load conditions 
have been simulated. In all cases certain 
portions of the structure must be subjected to 
tests as specified in Subpart D of this part. 

3 . 1 7 4 - 1 Material correction factors (CAA 
policies which apply to sec. 3.174). 

(a) In tests conducted for the purpose of 
establishing allowable strengths of structural 
elements such, as sheet, sheet stringer combina­
tions, riveted joints, etc., test results should be 
reduced to values which would be met by ele­
ments of the structure if constructed of mate­
rials having properties equal to design allowable 
values. Material correction factors in this case 
may be omitted, however, if sufficient test data 
are obtained to permit a probability analysis 
showing that 90 percent or more of the elements 
will either equal or exceed in strength, the se­
lected design allowable values. The number of 

individual test specimens needed to form a basis 
of "probability values" cannot be definitely 
stated but must be decided on the basis of con­
sistency of results; i. e., "spread of results", 
deviations from mean value, and range of sizes, 
dimensions of specimens, etc., to be covered. 
This item should therefore be a matter for de­
cision between the manufacturer and the CAA, 
(Sees. 1 .654 and 1 .655 of ANC -5a 1949 edition 7 

outline two means of accomplishing material 
corrections in element tests; these methods, 
however, are by no means considered the only 
methods available.) 

(b) In cases of static or dynamic tests of 
structural components, no material correction 
factor is required. The manufacturer, how­
ever, should use care to see that the strength, of 
the component tested conservatively represents 
the strength of subsequent similar components 
to be used on aircraft to be presented for certi­
fication. The manufacturer should, in addi­
tion, include in his report of tests of major struc­
tural components, a statement substantially as 
follows: 

The strength properties of materials and di­
mensions of parts used in the structural com­
ponent (s) tested are such that subsequent com­
ponents of these types used m aircraft presented 
for certification will have strengths substan­
tially equal to or exceeding the strengths of the 
components tested. 

CSupp. 6, 15 F. R. 619, Feb. 4, 9050.) 

3 . 1 7 4 - 2 Structural testing of new projects 
(CAA policies which apply to sec. $.174). 

(a) The following is a general procedure that 
may be followed for determining the extent of 
required structural testing of a new project: 

(1) As the initial step to determine the 
structural testing of a new project, a meeting 
between representatives of the manufacturer, 
the Civil Aeronautics Administration project 
engineer, and (if practicable) the pertinent 
Branch Chief of the Aircraft Division should 
be arranged. The question of minimum tests 
should be reviewed first. This will include 
generally such tests as proof and operation 
tests of control surfaces and systems, drop 

7 ANC-5a ,"Strengtb of Aircraft Elements" is published by the Army-
Navy-Civ i l Committee on Aircraft Design Criteria and may be obtained 
from the Superintendent of Documents , Government Printing Office, 
Washington 25, D . C. 
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tests of landing gear, vibration tests, and wing 
torsional stiffness tests. 

(2) If the structure is of a type on which 
the manufacturer has a thorough background of 
experience, analysis and proof tests can usually 
be considered acceptable. If, in addition, the 

analysis has a high degree of conservatism, 
proof tests other than those specifically required 
by regulation may be omitted at the discretion 
of the CAA. 

(b) If the structure or parts thereof are 
definitely outside the manufacturer's previous 

(Rev. 1/15/58) 



[ A p p e n d i x D 
[Simplified Method for Determining Air toads and Air Load Distributions for Wing-

Store Combinations 

[The following simplified approach may be 
used to determine the loads and load distribu­
tions resulting from the use of tip stores for low 
speed, low altitude (design Macb number less 
than 0.4; design altitude less than 15,000 ft.) 
aircraft with small amounts of sweep (i. e., mid-
chord angles of sweep less than 15 degrees). 

[Lift distribution on wing-store combination 

J J T O T A X = L w + Al J. 

where: 
L T O T A L = S total spanwise load distribution ex­

pressed in terms of unit wing loading 

parameter 2 ~ for the wing-store corn­
el, C 

bination. 
L w = s p a n w i s e load distribution for wing 

alone expressed in terms of which 

is obtained by standard methods. 
AL=additional lift due to tank alone and in­

duced effects of tank on the wing and 
the wing on the tank expressed in terms 
o f ( i § r ) ' ( 0 b t a i n f r o m fi£' L ) 

[See figure 2 for typical wing with tip-tank 
air load distribution as determined by above 
simplified method. For this example, a typical 
air load distribution for a wing with aspect 
ratio of 6.17 and span of 400 inches was used. 
To this wing, a 20-inch diameter tip-tank 80 
inches in length was added. I t was further as­
sumed that the wing-tip-tank configuration and 
the wing torsional rigidity are such that de­
flections under load will not significantly change 
the air load distribution (i. e., sec. 3.171 (b) is 
complied with). Note that the ordinates of the 

pr^+^P- C
 curve should be modified so that the C L c C L c 

area under the new curve will equal the area 
under the original wing alone curve (i. e., total 
lift to remain constant). 

[Moment due to stores 

M T = M ! + M 2 . 
where M T = t o t a l aerodynamic store moment 

about the wing tip elastic axis. 
M L—2 KiqaV 0 =moment of load on store 

which is independent of the wing. 
M 2 = . 4 L 5 C t = m o m e n t of load on store 

which is induced by the wing. 
K i = f a c t o r proportional to length of 

tank expressed in diameters. (See 
table 1.) 

q=dynamic pressure (p. s. f.). 

a=angle of attack (radians). 

V 0 =volume of store. 

L 6 = t o t a l load on store induced by wing 
obtained from distrubution of tank 
load of figure 1. 

O t = t i p chord. 

NOTE: Moment coefficient, CM, of the wing may be 
assumed not to be changed by presence of tip stores. 

[Lift curve slope 

[The slope of the lift curve for the wing-store 
combination may be approximated by the 
formula: 

m T =[K 2 (2D / b ) + l]m w . 
where m T =s lope of the lift curve of the wing-

store combination. 
m w =s lope of the lift curve of the wing 

alone. 
D=s to re diameter. 
b=wing span. 

K 2—1.58 for aspect ratio 5. 
K 2 =1 .25 for aspect ratio 7. 
K 2 =1.12 for aspect ratio 10 with 

straight line variation for inter­
mediate aspect ratios. 

CAM 3 
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[TABLE 1.—Aerodynamic factor Ki 

L/D1 L / D 1 Ki 

1 0 6. 01 0. 873 
1. 5 . 316 6. 97 . 897 
2. 0 . 493 8. 01 . 916 
2. 51 . 607 9. 02 . 930 
2. 99 . 681 9. 97 . 939 
3. 99 . 778 oo 1. 000 
4. 99 . 836 

1 L = l e n g t h of store (ft.). 
D=diameter of store (ft.). 

[The requirements of section 3.171(b) con­
cerning deflections under load which could 
change the distribution of external or internal 
loads should be considered in evaluating each 
wing-tip-tank configuration. Inertia loads of 
tip-tanks with varying fuel quantities, different 
fuel c. g. locations, and the wing torsional 
rigidity should be considered. 

[For stores whose cross section is other than 
circular (e. g., elliptical), an equivalent store 
with circular cross section should be assumed. 
For example, for an elliptical cross section, the 
equivalent diameter may be assumed equal to 
the sum of the minor and major diameters 
divided by 2. 

[The simplified procedures are based on the 
theoretical methods outlined in the following 
documents: 

NACA Research Memorandum R M L53B18, 
"A Method for Calculating the Aero­
dynamic Loading on Wing-Tip-Tank Com­
binations in Subsonic Flow" by S. W. 
Robinson and M. Zlotnick. 

Aeronautic Research Council Report No. 
2469, "Theoretical Load Distributions on 
Wings with Cylindrical Bodies at the 
Tips" by D. E. Hartley. (British.) 
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[ 6 . 6 3 7 - 1 Anticollision light standards [CAA 
policies which apply to sec. 6.6S7). T H E ANTI-

COLLISION LIGHT STANDARDS I N SECTION 6 . 6 3 7 APPLY-

TO ROTORCRAFT FOR WHICH AN APPLICATION FOR A TYPE 

CERTIFICATE IS M A D E O N OR AFTER APRIL 1 , 1 9 5 7 . 

W H E N ANTICOLLISION LIGHTS ARE INSTALLED ON ROTOR­

CRAFT FOR WHICH A N APPLICATION FOR A T Y P E CER­

TIFICATE W A S M A D E BEFORE APRIL 1 , 1 9 5 7 , THE 

APPLICANT M A Y CONFORM EITHER TO SECTION 6 . 6 3 7 

OR TO THE STANDARDS LISTED BELOW: 

[ ( A ) ANTICOLLISION LIGHTS ( W H E N INSTALLED) 

SHOULD B E OF THE ROTATING BEACON T Y P E INSTALLED 

O N TOP OF THE FUSELAGE IN SUCH A LOCATION THAT 

THE LIGHT WILL NOT B E DETRIMENTAL TO THE CREW'S 

VISION A N D WILL NOT DETRACT FROM THE CONSPICUITY 

OF THE POSITION LIGHTS. I F THERE IS N O ACCEPTABLE 

LOCATION ON TOP OF THE FUSELAGE, A BOTTOM FUSE­

LAGE INSTALLATION M A Y B E U S E D , 

[ ( B ) T H E COLOR OF THE ANTICOLLISION LIGHT 

SHOULD B E AVIATION RED I N ACCORDANCE WITH THE 

SPECIFICATIONS OF SECTION 6 . 6 3 5 . 

[ ( C ) T H E ARRANGEMENT OF THE ANTICOLLISION 

LIGHT, I. E. , N U M B E R OF LIGHT SOURCES, B E A M WIDTH, 

S P E E D OF ROTATION, ETC., SHOULD B E SUCH AS TO 

GIVE AN EFFECTIVE FLASH FREQUENCY OF NOT LESS THAN 

4 0 A N D NOT MORE THAN 1 0 0 CYCLES PER M I N U T E 

WITH A N ON-OFF RATIO OF NOT LESS THAN 1 : 7 5 . J 

(22 F. R. 10016, Dec. 13, 1957, effective Jan. 15, 
1958.) 

Safety Equipment 
6.640 General. Required safety equip­

ment which the crew is expected to operate at 
a time of emergency, such as flares and auto­
matic life-raft releases, shall be readily acces­
sible. (See also sec. 6.738 (e).) 

6.641 Flares. When parachute flares are 
installed, they shall be of an approved type, and 
their installation shall be in accordance with 
section 6.642. 

6.642 Flare installation. 
(a) Parachute flares shall be releasable from 

the pilot compartment and installed to mini­
mize the danger of accidental discharge. 

(b) It shall be demonstrated in flight that 
the flare installation is such that ejection can 
be accomplished without hazard to the rotor­
craft and its occupants. 

(c) If recoil loads are involved in the ejection 
of the flares, the structure of the rotorcraft shall 
be designed to withstand such loads. 

6.643 Safety belts. Rotorcraft manufac­
tured on or after the effective date of this part 
shall be equipped with safety belts of an ap­
proved type. (See sec. 6.18.) In no case shall 
the rated strength of the safety belt be less than 
that corresponding with the ultimate load fac­
tors specified, taking due account of the dimen­
sional characteristics of the safety belt installa­
tion 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 ultimate load fac­
tors specified. (See sec. 6.260.) 

6.644 Emergency flotation and signaling 
equipment. When emergency flotation and 
signaling equipment is required by the operat­
ing rules of the Civil Air Regulations, such 
equipment shall comply with the provisions of 
paragraphs (a) through (c) of this section. 

(a) Rafts and life preservers shall be of an 
approved type and shall be so installed as to 
be readily available to the crew and passengers. 

(b) Rafts released automatically or released 
by the pilot shall be attached to the rotorcraft 
by means of lines to keep them alongside the 
rotorcraft. The strength of the lines shall be 
such that they will break before submerging 
the empty raft. 
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