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Rotorcraft Airworthiness 
§ 6.18-1 Approval of aircraft compo­

nents (CAA rules which apply to § 6.IS). 
Aircraft components m a d e t h e subject 
of technica l s tandards orders shal l be 
approved u p o n the basis and in the 
m a n n e r provided in Part 514 of this t i t le 
(Regulat ion of the Admini s tra tor ) . 

§ 6.203-1 Fixea or ground adjustable 
stabilizing surfaces (CAA policies which 
apply to § 6.10 and § 6.203 Co)) . T h e 
purpose of § 6.203 is to require t h e 
test ing of certa in component s w h i c h i n 
the detai ls of their construct ion, opera­
tional characterist ics , or loading, do n o t 
lend themse lves to established, and re ­
liable m e t h o d s of analys is . I n th is 
regard, proof tes t ing such i t e m s as fixed 
or ground adjustable stabil izing surfaces 
is n o t considered a m i n i m u m require­
m e n t and will no t be necessary provided 
sufficient experience h a s been a c c u m u ­
lated from previous sat isfactory designs, 
m e t h o d s of analys i s a n d tes t s to justify 
acceptance of these c o m p o n e n t s on the 
basis of structural analysis . Therefore, 
these c o m p o n e n t s m a y be regarded 
structural ly t h e s a m e as a n y o ther part 
of the basic airframe. 

§ 6.221-1 Service life of auxiliary 
rotor assemblies (CAA interpretations 
which apply to § 6.221). T h e require­
m e n t i n § 6.221 t h a t vibration stresses 
in h ighly stressed m e t a l c o m p o n e n t s of 
auxi l iary rotors m u s t n o t exceed safe 
values for cont inuous operat ion is in ter ­
preted t o mean, t h a t t h e service l i fe of 
such c o m p o n e n t s should be determined 
by fat igue tes t s or by other m e t h o d s 
found acceptable by t h e Administrator. 
T h e m e t h o d s of service life de termina­
t ion , for. m a i n cotor s tructure out l ined 
under § 6.250-1 are considered to be a c ­
ceptable i n showing compl iance w i t h t h e 
pert inent port ion of § 6.221. 

§6 .231-1 Distribution of vertical 
ground reaction loads and determination 
of angular inertia loads {CAA interpre­
tations which apply to § 6231 (b) ( 2 ) ) . 
(a) Al though § 6.231 <b) (2) s ta tes t h a t 
the vert ical loads are those specified in 
§6.231 (b) ( 1 ) , t h e distribution of t h e 
vertical loads a m o n g the ground react ion 
points is not necessari ly the s a m e for t h e 
two subparagraphs s ince t h e require­
m e n t s of § 6.230 m u s t be met . S e c t i o n 
6.230 (a) s tates , i n part, t h a t the e x ­
ternal loads shall be placed i n equi l ib­
r ium w i t h the l inear a n d angular inert ia 
loads in a rat ional or conservat ive 
manner . 

(b) Compl iance w i th § 6.231 (b) (2) 
is interpreted t o require t h a t a vertical 
inert ia load of n W a n d a horizontal 
inert ia load of 0.25 n W be appl ied a t t h e 
center of gravity. For t h e level landing 
w i t h drag o n all wheels , t h e vertical 
ground react ion loads should be d i s ­
tr ibuted between the forward a n d rear 
w h e e l s to p lace t h e ground react ion loads 
in equil ibrium w i t h t h e rotorcraft l inear 
inert ia loads. For t h e level landing wi th 
drag o n m a i n w h e e l s only, t h e p i tch ing 
m o m e n t s ar is ing f rom t h e vert ica l and 
horizontal ground react ions should, be 
p laced in equil ibrium wi th a n angular 
inert ia load about t h e c. g. 

<c) T h e drag load a t e a c h wheel , i n 
both cases , i s required to be equal t o 0.25 
t i m e s t h e respective whee l vert ical load. 

§ 6.250-1 Service life of main rotors 
(CAA policies which apply to § 6.250 
(a)). 

Several m e t h o d s w h i c h h a v e been 
found acceptable by t h e Adminis trator 
for determining t h e service l i fe of m a i n 
rotors are out l ined in Appendix A of t h i s 
sec t ion for t h e gu idance of t h e industry 
in comply ing w i t h § 6.250 ( a ) . 

1 
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§ 6.355-1 Application of loads (CAA 
policies which apply to § 6.355), The 
actual forces act ing o n seats , berths, a n d 
support ing s tructure in t h e various 
flight, ground a n d emergency landing 
condi t ions will consist of m a n y possible 
combinat ions of forward, s ideward, 
downward, upward, a n d af t loads. 
However, in order to simplify t h e s truc­
tural analys i s a n d test ing of t h e s e s truc­
tures, i t wil l be permissible to a s s u m e 
t h a t t h e critical load in e a c h of these 
directions, a s determined from t h e pre ­
scribed flight, ground, and emergency 
landing condit ions, ac ts separately. If 
t h e appl icant desires, se lected combina­
t ions of loads m a y be used, provided the 
required s trength in all specified: d irec­
t ions is substant iated. ( T S O C-25 Air­
craft Seat s and Berths , out l ines accepta ­
ble m e t h o d s for tes t ing sea t s and 
berths.) 

C§ 6.625-1 Automatic reset circuit 
breakers (CAA policies which apply to 
§ 6.625). Automat ic reset circuit break­
ers (which automat ica l ly reset t h e m ­
selves, periodically) should no t be applied 

as circuit protect ive devices . 1 They m a y 
be used as integral protectors for electri­
cal equipment (e. g., thermal cut -outs ) 
provided t h a t circuit protect ion is also 
instal led to protect the cable to t h e 
equipment . 

f i Circuit protective devices are normally 
installed, to limit the hazardous consequences 
of overloaded or faulted circuits. These de­
vices are resettable (circuit breakers) or re­
placeable (fuses) to permit the crew to 
restore service when nuisance trips occur, or 
when the abnormal circuit condition can be 
corrected in flight. If the abnormal circuit 
condition can not be corrected in flight, the 
decision, to restore power to the circuit in­
volves a careful analysis of the flight situa­
tion. It is necessary to weigh the essentiality 
of the circuit for continued safe, flight 
against the hazards of resetting on a possibly 
faulted circuit. Such evaluation is properly 
an aircraft crew function which can not be 
performed by automatic reset circuit break­
ers. To assure crew supervision over the 
reset operation, circuit protective devices 
should be of such design that a manual 
operation is required to restore service after 
tripping. ] 



A p p e n d i x A 

Methods of Rotor Service Life 
Determination 

Iniro-ducrion . . ... 

Service experience i n t h e hel icopter 
field indicates t h a t fa t igue cons idera­
t ions are of ex treme importance irv t h e 
design of t h e rotat ing major load-carry­
ing members of t h e hel icopter. I n view 
of t h e importance of th i s problem, d e ­
s igners are urged to give great care to the 
detail des ign of rotor blades, hub re ­
tent ion sys tems and controls in order 
that s tresses associated wi th osci l latory 
loading be kept well below t h e al lowable 
materia l endurance l imit . As far as 
practicable, the des ign should be c lean, 
care being t a k e n to reduce s tress c o n ­
centrat ions to a m i n i m u m . Since lack 
of quality control m a y easi ly result in 
large variat ions in fa t igue life, great care 
should be t a k e n t o insure t h a t produc­
t ion parts a n d assemblies are m a d e wi th 
tjie same care as t h e component s used 
in any fat igue test. 

Al though a un i form approach t o rotor 
fat igue problems is desirable, i t is rec ­
ognized t h a t in such a relatively n e w 
field, new des ign features , m e t h o d s of 
fabricat ion or configurations m a y r e ­
quire variat ions a n d deviat ions f rom the 
methods described herein. ISrigmeering 
j u d g m e n t should therefore be exerc ised 
in each case . 

A l though there i s some quest ion as to 
w h e t h e r a complete ly rat ional m e t h o d 
exis ts for the predict ion of the fat igue 
life of a bui l t -up structure subject t o 
random loading, nevertheless i t is b e ­
lieved t h a t a n engineer ing approach to 
the subject can be a t ta ined through the 
appl icat ion of the Cumulative D a m a g e 
Hypothes is . Thi s hypothes i s a s s e r t s 
that every cycle of stress above a n "en­
durance l imit" produces damage propor­
t ional to the ratio of cycles r u n a t t h a t 
stress to the fa t igue l i fe at t h a t stress 
level. Laboratory tests of th is h y p o t h e ­
sis indicate that i t is reasonably val id 
w h e n t h e stress cycles are of random 
magni tude . T h a t is, stress spectra in 

which all h igh- s tres s m a g n i t u d e s are a p ­
plied consecutively and t h e n all low-
stress m a g n i t u d e s applied, do no t obey 
t h e hypothes i s . Despite t h e approxi ­
mat ions involved i n t h e hypothes i s a n d 
t h e lack of a n adequate theory c o n n e c t ­
ing t h e hypothes is w i th m o r e basic prop^ 
erties of mater ia ls , i t a t t empts to take 
more factors into account t h a n any other 
m e t h o d developed so far. 

I n any rat ional de terminat ion of the. 
fat igue l ife of a structure, three basic 
factors m u s t be known. T h e s e factors 
are: 

Knowledge of the . stresses and a s s o ­
ciated flight maneuvers to be expected 
in normal operat ion; 

Knowledge of the frequency of occur­
rence of specific loadings; 

Knowledge of the fat igue s trength 
character is t ics of the structure. 

Flight Stress Meosyremenfs 

I t is general ly agreed t h a t because of 
t h e approximat ions employed i n rotor 
load a n d stress distribution analyses , i t 
is n o t possible a t present to determine, 
analyt ical ly a reasonable approach to 
rotor fa t igue stress levels. 

Rotor stress levels are therefore d e ­
termined by m e a n s of carefully c o n ­
trolled, ins trumented flight s tra in gage 
test ing. These tests are a i m e d at t h e 
de terminat ion of the m a g n i t u d e of s teady 
and oscil latory stresses associated wi th 
normal he l icopter operation and the cor­
re lat ion of t h e occurrence of cri t ical 
stresses w i th specific maneuvers or o p ­
erating condit ions. I n some cases t h e 
in format ion so obtained c a n be used to 
l imit or placard aga ins t specific m a n e u v ­
ers. I n o ther cases where prohibit ion 
of specific maneuvers or operat ions i s 
n o t feasible the in format ion so obtained 
c a n be of use in se t t ing u p a tes t program 
which would determine t h e fat igue l i fe 
cf the part. 

3 
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P r i o r t o c o n d u c t i n g a flight s t r a i n g a g e 
t e s t i n g p r o g r a m , s o m e r a t i o n a l e v a l u a ­
t i o n o f t h e c r i t i c a l s t r e s s a r e a s m u s t b e 
m a d e i n o r d e r t o d e t e r m i n e t h e p r o p e r 
d i s t r i b u t i o n o f g a g e s . A q u a l i t a t i v e 
s t u d y i s u s u a l l y m a d e b y m e a n s o f b r i t t l e 
c o a t i n g s ( s u c h a s S t r e s s c o a t ) , b y p h o t o -
e l a s t i c m e t h o d s o r b y a n a l y t i c m e a n s . 
I n c o n d u c t i n g f l i g h t s t r a i n m e a s u r e ­
m e n t s , b e s i d e s t h e p r o p e r d i s t r i b u t i o n , o f 
s t r a i n g a g e s o n h u b s , b l a d e s , b l a d e a t ­
t a c h m e n t s a n d c o n t r o l m e m b e r s , p r o v i ­
s i o n i s u s u a l l y m a d e f o r r e c o r d i n g t h e 
c o l l e c t i v e p i t c h s e t t i n g o f t h e r o t o r b l a d e s 
a n d t h e c e n t e r o f g r a v i t y : a c c e l e r a t i o n 
d u r i n g m a n e u v e r s . T h i s i s d o n e s o t h a t 
i t c a n b e a s c e r t a i n e d t h a t f o r m a n e u v e r s 
i n w h i c h a r a p i d c o n t r o l m o v e m e n t i s 
u t i l i z e d t h e s e v e r i t y o f a p p l i c a t i o n o f 
c o n t r o l i s r e p r e s e n t a t i v e o f t h a t w h i c h 
c a n b e e n c o u n t e r e d d u r i n g a c t u a l s e r v i c e 
o p e r a t i o n . 

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

Frequency of Loading 

T h e s e c o n d i t e m o f g r e a t i m p o r t a n c e 
i n t h e d e t e r m i n a t i o n o f s e r v i c e l i f e , i s 
t h e m a t t e r o f d e t e r m i n i n g t h e p e r c e n t ­
a g e o f . t o t a l o p e r a t i n g t i m e a s s o c i a t e d 
w i t h e a c h flight m a n e u v e r . A t b e s t , t h i s 
e v a l u a t i o n c a n o n l y b e a s t a t i s t i c a l o n e 
a n d w i l l o f n e c e s s i t y b e a f u n c t i o n o f t h e 
p u r p o s e f o r w h i c h , t h e p a r t i c u l a r h e l i ­
c o p t e r i s i n t e n d e d t o b e u s e d . O b v i o u s l y 
a h e l i c o p t e r u s e d s o l e l y f o r c r o p d u s t i n g 
w o u l d h a v e a d i f f e r e n t t i m e d i s t r i b u t i o n 
f o r v a r i o u s m a n e u v e r s t h a n o n e w h i c h i s 
t o b e u s e d f o r m a i l o r p a s s e n g e r f e r r y 
s e r v i c e b e t w e e n a l o c a l a i r p o r t a n d t h e 
c e n t e r o f a n e a r b y c i t y . A t p r e s e n t , b e ­
c a u s e o f t h e l i m i t e d n u m b e r o f h e l i c o p ­
t e r s i n u s e - t h i s p r o b l e m c a n b e h a n d l e d 
b y m e a n s o f r e a s o n a b l e , c o n s e r v a t i v e 
a p p r o x i m a t i o n s . A s t h e t y p e s o f o p e r a ­
t i o n i n c r e a s e , w i t h t h e r a p i d l y e x p a n d i n g 
f i e l d o f h e l i c o p t e r o p e r a t i o n , t h i s p r o b ­

l e m w i l l u n d o u b t e d l y r e q u i r e r e - e v a l u a ­
t i o n . 

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

T a b l e 1 

Percent Occurrence 
I G R O U N D C O N D I T I O N S 
( a ) R a p i d i n c r e a s e o f r . p , m . o n 

g r o u n d t o q u i c k l y e n g a g e 
c l u t c h - - „ _ _ — — _ 0 . 5 

( b ) T a x i i n g w i t h f u l l c y c l i c c o n ­
t r o l - - . 5 

( c ) J u m p t a k e - o f f . 5 

I I H O V E R I N G 

( a ) S t e a d y h o v e r i n g - - - - — . 5 
( b ) L a t e r a l r e v e r s a l - ™ , 1 . 0 
( c ) L o n g i t u d i n a l r e v e r s a l — 1 . 5 
( d ) R u d d e r r e v e r s a l - — . , — — _ _ 1 . 0 

I I I F O R W A R D F L I G H T P O W E R O N 

( a ) L e v e l P l i g h t — 2 0 % V N E — — 5 . 0 
( b ) L e v e l P l i g h t — 4 0 % F N E - — — 1 0 . 0 
( c ) L e v e l F l i g h t — 6 0 % VNE 1 8 . 0 
( d ) L e v e l F l i g h t ^ - 8 0 % VNE — 1 8 . 0 
( e ) M a x i m u m L e v e l F l i g h t ( b u t 

n o t g r e a t e r t h a n V N E ) _ „ — 1 0 , 0 
( f ) VNE — 3 . 0 
( g ) 1 1 1 % V N E _ _ _ _ . 5 
( h ) R i g h t T u r n s 3 . 0 
( i ) L e f t T u r n s - - . - 3 . 0 
( j ) C l i m b ( M a x . C o n t i n u o u s 

P o w e r ) : 4 . 0 
( k ) C y c l i c a n d c o l l e c t i v e p u l l - u p s 

f r o m l e v e l f l i g h t — . 5 
(1) C h a n g e t o a u t o r o t a t i o n f r o m 

p o w e r - o n f l i g h t - — . 5 
( m ) P a r t i a l p o w e r d e s c e n t ( i n ­

c l u d i n g c o n d i t i o n o f z e r o 
f l o w t h r o u g h r o t o r ) — . 2 . 0 

( n ) L a n d i n g a p p r o a c h - - — — 3 . 0 
( o ) L a t e r a l r e v e r s a l s a t VH — . 5 
( p ) L o n g i t u d i n a l r e v e r s a l s a t VH_ . 5 
( q ) R u d d e r r e v e r s a l s a t V H _ _ . 5 
( r ) C l i m b ( T a k e - o f f P o w e r ) 2 . 0 
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I V AUTOROTATION—POWER OFF 

( a ) S t e a d y f o r w a r d flight 2. 5 
( b ) R i g h t t u r n s 1. 0 
( c ) L e f t t u r n s 1. 0 
( d ) L a t e r a l r e v e r s a l s . 5 
( e ) L o n g i t u d i n a l r e v e r s a l s . 5 
( f ) R u d d e r r e v e r s a l s _ _ _ . . 5 
( g ) C y c l i c a n d c o l l e c t i v e p u l l -

u p s — — 2 . 0 
( h ) L a n d i n g s ( i n c l u d i n g f l a r e s ) - 2 . 5 

100 .0 

Fatigue Strength 

T h e t h i r d p h a s e o f t h e f a t i g u e e v a l u a ­
t i o n p r o g r a m i n v o l v e s t h e d e t e r m i n a t i o n 
o f t h e f a t i g u e s t r e n g t h o f t h e a c t u a l 
s t r u c t u r e . A l t h o u g h t h e f a t i g u e c h a r a c ­
t e r i s t i c s o f s i m p l e m a t e r i a l s p e c i m e n s 
a r e o f t e n a v a i l a b l e , t h e d i r e c t a p p l i c a ­
t i o n o f t h i s i n f o r m a t i o n t o b u i l t - u p 
s t r u c t u r e s i s q u e s t i o n a b l e . T h e a v a i l ­
a b l e m a t e r i a l d a t a m o d i f i e d b y a p p r o ­
p r i a t e s t r e s s c o n c e n t r a t i o n f a c t o r s c a n 
u n d o u b t e d l y b e u s e d a s a n i m p o r t a n t 
t o o l i n d e s i g n , H o w e v e r , p r o p e l l e r a n d 
h e l i c o p t e r r o t o r e x p e r i e n c e i n d i c a t e s 
t h a t v a r i o u s f a c t o r s m a y r e d u c e t h e 
f a t i g u e s t r e n g t h o f a b u i l t - u p s t r u c t u r e 
b e l o w t h a t o f m a t e r i a l s p e c i m e n s w i t h 
s e v e r e n o t c h e d s t r e s s c o n c e n t r a t i o n s . 
I t t h e r e f o r e i s n e c e s s a r y t h a t e n d u r a n c e 
t e s t s o f t h e c r i t i c a l p a r t s b e c o n d u c t e d 
b y a p p l y i n g s t e a d y a n d o s c i l l a t o r y l o a d s 
i n a m a n n e r s i m u l a t i n g t h e l o a d i n g a c ­
t u a l l y e n c o u n t e r e d i n s e r v i c e . 

A l t h o u g h t h e f o r e g o i n g i n d i c a t e s t h e 
d i f f i c u l t y i n c o r r e l a t i n g m a t e r i a l f a t i g u e 
d a t a w i t h t h a t o f a b u i l t - u p s t r u c t u r e , 
n e v e r t h e l e s s i t i s r e c o g n i z e d t h a t m i n i ­
m u m a c c e p t a b l e s t r e s s l e v e l s c a n b e 
e s t a b l i s h e d , s u c h t h a t , i f t h e m a x i m u m 
m e a s u r e d s t r e s s e s i n a c o m p o n e n t b e 
l o w e r t h a n t h e e s t a b l i s h e d l e v e l s , n o 
f a t i g u e t e s t i n g n e e d b e r e q u i r e d . T h e 
f o l l o w i n g t e c h n i q u e w h i c h i s b a s e d o n 
t h e u s e o f a G o o d m a n D i a g r a m f o r t h e 
m a t e r i a l m o d i f i e d b y s u i t a b l e f a c t o r s t o 
a c c o u n t f o r s t r e s s c o n c e n t r a t i o n f a c t o r s 
p l u s a f a c t o r o f s a f e t y i s c o n s i d e r e d a c ­
c e p t a b l e f o r t h e e s t a b l i s h m e n t o f t h i s 
m i n i m u m s t r e s s , l e v e l . 

1 — E s t a b l i s h t h e G o o d m a n D i a g r a m 
f r o m m a t e r i a l d a t a f o r t h e p e r f e c t s p e c i ­
m e n . T h i s l i n e w i l l m a r k t h e e n d u r a n c e 
l i m i t f o r v a r i o u s v i b r a t o r y a n d s t e a d y 
s t r e s s l e v e l s . 

2 — T h e a l l o w a b l e f u l l r e v e r s a l s t r e s s 
f o r t h e m a t e r i a l s h o u l d t h e n b e r e d u c e d 
t o a c c o u n t f o r t h e s t r e s s c o n c e n t r a t i o n 
f a c t o r p r e s e n t i n t h e a c t u a l r o t o r p a r t . 
T h e s t r e s s c o n c e n t r a t i o n f a c t o r c h o s e n 
s h o u l d a d e q u a t e l y a c c o u n t f o r s u r f a c e 
f i n i s h , f a b r i c a t i o n m e t h o d s , p r o b a b i l i t y 
o f g a l l i n g a s w e l l a s t h e s t r e s s c o n c e n ­
t r a t i o n s a r o u n d n o t c h e s , t h r e a d s , h o l e s , 
f i l l e t s , e t c . T h e r e s u l t i n g l i n e o n t h e 
G o o d m a n D i a g r a m w i l l t h e n b e t h e f a i l ­
u r e b o u n d a r y l i n e f o r t h e p a r t . 

3 — A m a r g i n o f s a f e t y o f t w o s h o u l d 
b e a p p l i e d t o t h e f a i l u r e b o u n d a r y c u r v e 
i n o r d e r t o e s t a b l i s h a n o p e r a t i n g b o u n d ­
a r y l i n e . T h u s t h e o p e r a t i n g b o u n d a r y 
l i n e w o u l d h a v e a s l o p e o f Va t h e f a i l u r e 
b o u n d a r y c u r v e . 

4 — I f t h e flight s t r a i n m e a s u r e m e n t s 
i n d i c a t e t h a t a l l n o m i n a l o p e r a t i n g 
s t r e s s e s 1 f a l l b e l o w t h e o p e r a t i n g b o u n d ­

a r y l i n e , n o f a t i g u e t e s t i n g i s r e q u i r e d . 
W h e n t h e m e a s u r e d s t r e s s e s a r e a b o v e 

t h e o p e r a t i n g b o u n d a r y l i n e ( s e e F i g u r e 
I ) f a t i g u e t e s t s o f t h e a c t u a l c o m p o n e n t 
a r e r e q u i r e d . S e v e r a l m e t h o d s o f f a ­
t i g u e t e s t i n g a r e c u r r e n t l y a v a i l a b l e . 
T h e v a r i o u s m e t h o d s s u c h a s l a b o r a t o r y , 
flight e n d u r a n c e o r w h i r l s t a n d t e s t i n g 
m e t h o d s a r e o f c o u r s e a p p l i c a b l e o n l y t o 
t h e e x t e n t t h a t t h e r a n g e o f s t e a d y a n d 
v i b r a t o r y flight s t r e s s e s c a n b e d u p l i ­
c a t e d i n t h e f a t i g u e t e s t p r o c e d u r e . B e ­
c a u s e o f t h e g r e a t e r d e g r e e o f c o n t r o l 
w h i c h c a n b e m a i n t a i n e d i n t h e l a b o r a ­
t o r y , t h i s m e t h o d i s r e c o m m e n d e d 

* N o m i n a l o p e r a t i n g s t r e s s : I t i s u s u a l l y 
n o t p o s s i b l e t o p l a c e t h e s t r a i n g a g e s o t h a t 
t h e s t r e s s a t t h e c r i t i c a l s e c t i o n i s m e a s u r e d , 
r n s t e a d , t h e g a g e i s l o c a t e d a t a r e f e r e n c e 
p o i n t c l o s e t o t h e c r i t i c a l s e c t i o n . T h e 
m e a s u r e d s t r e s s d a t a c a n b e r e d u c e d t o 
e q u i v a l e n t l o a d s . S u b s e q u e n t a p p l i c a t i o n 
o f c o n v e n t i o n a l m e t h o d s o f s t r e s s a n a l y s i s 
w o u l d c o n v e r t t h e s e l o a d s t o s t r e s s e s a t t h e 
c r i t i c a l s e c t i o n ( n e g l e c t i n g s t r e s s c o n c e n ­
t r a t i o n f a c t o r ) . 
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However, flight or whirl stand testing is 
acceptable in lieu of laboratory testing 
if they are conducted under controlled 
conditions. 

S T E A D Y S T R E S S 

"Figure r 
M e t h o d s o f L o a d i n g 

(A) LABORATORY 
The laboratory method of determining 

the fatigue strength involves testing in 
a fatigue machine the critical section or 
sections of a rotor component. In this 
procedure small sections can be tested 
under carefully controlled conditions. 
(B) PLIGHT 

The flight method of fatigue testing 
involves the use of the.entire helicopter 
itself as a fatigue machine. This meth­
od, if employed, should be conducted 
under such controlled conditions that 
the level of stresses and number of fa­
tigue cycles are known accurately enough 
during the test to determine the fatigue 
limit and service life of the critical com- * 
ponents of the rotor system. 
(C) WHIRL STAND 

The whirl stand procedure can be con­
sidered to be a variation of the flight 
test method. This involves testing com­
plete rotor components on a test stand. 

The validity of this method is predicated 
on the ability to duplicate flight stress 
conditions in the test set-up. 
Test P r o c e d u r e s 

Several procedures are available for 
the determination of the fatigue strength 
of the critical component. Fatigue 
strength evaluation through (A) the 
establishment of S-N curves, CB) by 
testing in cyclical units or a suitable 
combination of these two procedures is 
considered to be acceptable. 
(A) E S T A B L I S H M E N T OP S-N 

CURVES 
An S-N curve for a particular section 

can be established by testing samples of 
the critical section at a fixed steady 
stress and varying the oscillatory com­
ponent of the stress. Thus, if at a steady 
tensile stress of level A and oscillatory 
stress of level B, the sample is fatigue 
tested to failure, failure occurring after 
Ni cycles, a point on the S-N diagram 
for steady stress level A is determined. 
Additional points can be determined b. 
maintaining the same steady stress A 
and choosing a different oscillatory 
stress for each sample. One such curve 
is needed for each critical steady stress 
level. Because of scatter usually asso­
ciated with fatigue testing, a large num­
ber of specimens are tested in order to 
establish these curves. This procedure 
of establishing S-N curves can theoreti­
cally be achieved either by laboratory or 
whirl stand testing, however, for obvious 
practical reasons this procedure is 
usually reserved for laboratory testing. 

Since it may be impossible to handle 
the complete blade and retension system 
with one setup due to practical limita­
tions of applying required loads to the 
structure for establishing a representa­
tive S-N diagram for the rotor, it may 
be desirable to establish a set of criterial 
for hub and retention portions of the 
rotor separately from the blade. Also, 
since the critical loads entering the hub 
retention can be along different axes, it 
may be necessary to determine an S-N 
curve for each axis individually, i. e„ 
one for the major axis and another for 
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the minor axis s ince one may be critical 
for certa in r. p. m. or maneuvers a n d t h e 
other a t a different set of condit ions . 

S tress raisers have l itt le effect o n the 
stat ic fai l ing load owing to p last ic d e ­
format ion relieving the h i g h stress. 
Similarly, for ' oscil latory or repeated 
h igh- loads , the effect of stress raisers o n 
t h e fat igue s trength is diminished, by t h e 
above form of stress relief. At low 
loads, however, the stress raisers ,are 
fully effective i n reducing the fat igue 
strength, w h i c h t h e n approaches t h a t 
appropriate to t h e nomina l stress c o n ­
centrat ion. 

In general , tests have shown t h a t t h e 
fat igue stress concentrat ion factor a l ­
t h o u g h lower t h a n t h e theoret ical f a c ­
tor (determined by photoe last ic or o ther 
rat ional methods) varies wi th t h e load­
ing, decreasing sharply i n the region of 
the yield stress. An arbitrarily chosen 
h igh-s tress level m i g h t therefore result 
i n the critical sect ion being beyond t h e 
yield point w i th resultant stress relief 
and reduced stress concentrat ion factor 
whereas a neighboring sect ion m i g h t be 
operating close to t h e yield stress and 
fail first, even t h o u g h for the actual o p ­
erating stress range t h e first sect ion 
wouM be critical. Therefore, as a g e n ­
eral rule i t is n o t advisable t o conduct 
fat igue tes ts a t arbitrarily chosen levels 
appreciably h igher t h a n actual operat ­
ing stress levels. 

P r o m t h e fl ight stress measurements , 
the frequency of occurrence of t h e flight 
maneuvers a n d the S-N. curves, t h e 
fat igue life of the part c a n be calculated. 

While all maneuvers are t o be c o n ­
ducted over t h e complete speed, center 
of gravity, alt i tude, rotor r. p. m. a n d 
weight ranges , only t h e combinat ion of 
those condit ions which produce t h e m o s t 
critical stress for any one maneuver 
should be used in calculat ing the fa t igue 
life. T h e percentage of occurrence 
value g iven in Table I should be used 
wi th th i s critical condi t ion for the m a ­
neuver. Thus t h e stress associated w i t h 
the most crit ical r. p. m. center of gravity, 
alt i tude a n d w e i g h t for level flight, 
power o n a t 2 0 % VNE would be cons id­
ered to occur for 5 % of the life i n t h e 

fat igue evaluat ion. A n example of a 
fat igue life determinat ion is g iven a t t h e 
end of Appendix A. 
(B) TESTING I N CYCLICAL U N I T S 

This procedure involves the test ing of-
each spec imen a t a series of stress levels, 
the number of cycles to be r u n a t each 
level being proportional t o the expected 
percentage of t ime assoc iated w i t h the 
particular sought condi t ion giving rise, 
t o the specific stress level. S ince the' 
l ife of t h e part is u n k n o w n beforehand, 
t h e stress levels mus t be covered, in arbi­
trarily chosen cyclical units . Thus , if 
un i t s of 1 0 0 hours are chosen, then 
reference to T&hle I would indicate 0 . 5 
hour of rapid increase of r. p. m. o n the 
ground to quickly engage 4 c lutch, 0 . 5 
hour j u m p takeoff, 1 0 hours a t 2 0 % Y N E 
for level flight, etc. T h e n if a failure 
occurred a t some t ime during sucri a 
unit , t h e fa t igue l i fe would be deter­
mined by t h e number of completed units . 
Thus , if the un i t w a s 1 0 0 hours and fa i l ­
ure occurred during the 14th unit , the 
fat igue l i fe would be based o n 1 3 c o m ­
pleted units (i. e., 1 , 3 0 0 h o u r s ) . I t 
should be noted, t h a t the Cumulat ive 
D a m a g e Hypothes i s w h i c h i s being used 
here in for fat igue l i fe evaluat ion h a s 
been found to be valid only w h e n t h e 
stress cycles are of random magni tude . 
Therefore, if t h e cyclical uni t procedure 
is adopted, care should be taken to avoid 
the appl icat ion of all h igh s tress levels 
consecutively a n d t h e n all low stresses. 
It is therefore l ikewise desirable t o keep 
the un i t s of t i m e at reasonably low levels. 

(C) ACCEPTABLE MODIFIED P R O ­
CEDURES 

As ment ioned previously, rat ional 
modif icat ions or combinat ions of t h e 
above procedures m a y be made . Thus , 
if it is desired to l imit the scope of 
fat igue test ing, a single S-N curve based 
on the h i g h e s t measured m e a n stress 
could be uti l ized i n t h e fa t igue l i fe ca lcu­
lat ions. Another acceptable approach 
would foe t o demonstrate t h a t the m o s t 
critical stress level was below t h e endur­
a n c e l imit . T h i s could be demonstra ted 
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by t e s t i n g a t t h e h i g h e s t s t r e s s l e v e l t o 
10 7 c y c l e s f o r f e r r o u s m a t e r i a l s a n d 
5 x 1 0 7 c y c l e s f o r n o n f e r r o u s m a t e r i a l s . 
A n a c c e p t a b l e c o m b i n a t i o n o f S-N a n d 
c y c l i c u n i t a p p r o a c h w o u l d i n v o l v e t h e 
e s t a b l i s h m e n t o f t h e k n e e of t h e S-N 
c u r v e ( e n d u r a n c e l i m i t ) a n d t h e flight 
c o n d i t i o n s w h i c h r e s u l t e d in, s t r e s s e s 
f a l l i n g b e l o w t h e e n d u r a n c e l i m i t . T h e 
m e t h o d o f c y c l i c t e s t i n g c o u l d t h e n b e 
e m p l o y e d o n l y f o r t h o s e flight c o n d i t i o n s 
w h i c h w o u l d c a u s e f a t i g u e d a m a g e . 
T h u s , if i t i s e s t a b l i s h e d t h a t a l l l e v e l 
f l i g h t c o n d i t i o n s r e s u l t i n s t r e s s e s b e l o w 
t h e e n d u r a n c e l i m i t , t h e l e n g t h of t h e 
f a t i g u e t e s t b y c y c l i c u n i t s c o u l d b e 
a p p r e c i a b l y r e d u c e d . 

Fatigue life vs Service Life 

S i n c e a c t u a l o p e r a t i n g c o n d i t i o n s i n ­
v o l v e f a c t o r s t h e q u a n t i t a t i v e e f f e c t s of 
w h i c h c a n n o t r e a d i l y b e a s c e r t a i n e d , i t 
b e c o m e s n e c e s s a r y t o d i s t i n g u i s h b e ­
t w e e n f a t i g u e l i f e a s d e t e r m i n e d b y 
l a b o r a t o r y o r o t h e r a c c e l e r a t e d f a t i g u e 
t e s t s a n d s e r v i c e l i f e w h i c h i s i n t e r p r e t e d 
a s t h e r e q u i r e d r e t i r e m e n t l i f e of t h e 
p a r t . F u r t h e r m o r e , b e c a u s e of m a t e r i a l 
a n d f a b r i c a t i o n v a r i a t i o n s , e v e n u n d e r 
i d e a l i z e d l a b o r a t o r y c o n d i t i o n s i t h a s 
b e e n e s t i m a t e d t h a t a p p r o x i m a t e l y 
t h i r t y t e s t s p e c i m e n s a r e r e q u i r e d t o 
e s t a b l i s h e a c h S-N c u r v e . I n v i e w o f 
t h e r e q u i r e d t i m e a n d h i g h c o s t s i n ­
v o l v e d , i t m u s t b e r e c o g n i z e d t h a t o n l y a 
l i m i t e d a m o u n t of t e s t i n g c a n b e e c o ­
n o m i c a l l y t o l e r a t e d b y m o s t m a n u f a c ­
t u r e r s . I t i s t h e r e f o r e i m p o r t a n t t h a t a 
m i n i m u m f a t i g u e t e s t p r o g r a m b e d e t e r ­
m i n e d a n d t h a t a s e r v i c e l i f e w h i c h i s 
l e s s t h a n t h e c a l c u l a t e d f a t i g u e l i f e , b u t 
c o n s i s t e n t w i t h t h e d e g r e e of f a t i g u e 
t e s t i n g , , b e e s t a b l i s h e d . 

Service Life 

F o r s o m e d e s i g n s , i t m a y b e p o s s i b l e t o 
d e m o n s t r a t e t h a t a l l flight a n d g r o u n d 
l o a d s t r e s s e s a r e b e l o w t h e e n d u r a n c e 
l i m i t f o r t h e c r i t i c a l p a r t s o f t h e r o t o r . 
F o r s u c h c a s e s , n o l i m i t n e e d b e i m p o s e d 
o n t h e s e r v i c e l i f e . C o m p l i a n c e w i t h 
e i t h e r of t h e f o l l o w i n g c o n d i t i o n s m a y 
b e c o n s i d e r e d t o be a m i n i m u m a c c e p t ­

a b l e l e v e l o f d e m o n s t r a t i n g t h a t a l l 
s t r e s s e s a r e b e l o w t h e e n d u r a n c e l i m i t . 

1—If a l l m e a s u r e d s t r e s s e s f a l l b e l o w 
t h e o p e r a t i n g b o u n d a r y l i n e ( F i g u r e I ) , 
n o fatigue" t e s t i n g i s r e q u i r e d . 

2 — F a t i g u e t e s t i n g a t t h e m e a n s t r e s s 
a s s o c i a t e d w i t h t h e m o s t c r i t i c a l m e a n -
o s c i l l a t o r y s t r e s s l e v e l m e a s u r e d i n flight. 
N o f a i l u r e s h o u l d o c c u r b e f o r e 10 T c y c l e s 
f o r f e r r o u s m a t e r i a l s n o r b e f o r e 5 x 10' 
c y c l e s f o r n o n f e r r o u s m a t e r i a l s . T h e 
m i n i m u m n u m b e r of t e s t s p e c i m e n s r e ­
q u i r e d i s d e p e n d e n t o n t h e . o s c i l l a t o r y 
t e s t l e v e l , i n t h e f o l l o w i n g m a n n e r : 

( a ) A m i n i m u m of 4 t e s t s p e c i m e n s if 
t h e o s c i l l a t o r y l e v e l i s c h o s e n a t 1.1 t i m e s 
t h e c r i t i c a l o s c i l l a t o r y s t r e s s l e v e l . 

( b ) A m i n i m u m o f 3 t e s t s p e c i m e n s if 
t h e o s c i l l a t o r y l e v e l i s c h o s e n a t 1.25 
t i m e s t h e c r i t i c a l o s c i l l a t o r y s t r e s s l e v e l . 

( c ) A m i n i m u m of 2 t e s t s p e c i m e n s if 
t h e o s c i l l a t o r y l e v e l i s c h o s e n a t 1.5 t i m e s 
t h e c r i t i c a l o s c i l l a t o r y s t r e s s l e v e l . 

( d ) O n e s p e c i m e n if t h e o s c i l l a t o r y 
l e v e l i s c h o s e n a t t w i c e t h e c r i t i c a l o s c i l ­
l a t o r y s t r e s s l e v e l . 

I t i s t o be n o t e d a t t h i s p o i n t t h a t t h e 
p r e v i o u s r e f e r e n c e r e c o m m e n d i n g 
a g a i n s t t h e u s e of a r b i t r a r y s t r e s s l e v e l s 
a p p r e c i a b l y h i g h e r t h a n a c t u a l o p e r a t i n g 
s t r e s s l e v e l s i s c o n s i d e r e d t o b e i n a p p l i ­
c a b l e i n t h i s c a s e . T h i s i s d u e t o t h e 
f a c t t h a t t h e s t r e s s e s i n v o l v e d h e r e a r e 
l o w s i n c e t h e t e s t i n v o l v e d is a i m e d a t 
d e m o n s t r a t i n g t h a t t h e a r b i t r a r i l y r a i s e d 
s t r e s s e s a r e s t i l l b e l o w t h e e n d u r a n c e 
l i m i t . 

W h e r e f i n i t e f a t i g u e l i f e i s i n d i c a t e d 
a n d S-N c u r v e s a r e e m p l o y e d i n d e t e r ­
m i n i n g t h i s l i f e , a m i n i m u m of 4 p o i n t s 
o n e a c h S-N c u r v e s h o u l d be e s t a b ­
l i s h e d . I f i t i s d e s i r e d t o l i m i t t h e f a ­
t i g u e t e s t s , a s i n g l e -S-N c u r v e b a s e d o n 
t h e h i g h e s t m e a s u r e d m e a n s t r e s s c o u l d 
b e u t i l i z e d i n t h e f a t i g u e l i f e c a l c u l a ­
t i o n s . H o w e v e r , i f t h i s a p p r o a c h t e n d s 
t o u n d u l y l i m i t t h e f a t i g u e l i f e , a f a m i l y 
of c u r v e s c a n b e d e v e l o p e d f r o m t w o 
e s t a b l i s h e d S-N c u r v e s b y m e a n s of 
G o O d m a n or s i m i l a r d i a g r a m s . S e r v i c e 
l i f e • s h o u l d t h e n b e e s t a b l i s h e d a t 7 5 % 
of t h e c a l c u l a t e d f a t i g u e l i f e b u t s h o u l d 
b e n o g r e a t e r t h a n 2,5.00 h o u r s . W h e r e 
t h e f a t i g u e l i f e i s e s t a b l i s h e d b y c y c l i c 
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variat ion of load, a m i n i m u m of 4 speci­
m e n s should be tested. The fat igue l ife 
should be based on the spec imen in which 
the smal lest number of such cycles is 
completed. The service life should be 
established at 75% of this fat igue life 
but should be n o greater t h a n 2,500 
hours. At the expirat ion of the es tab­
l ished service life, t h e critical part 
should be retired from service. Where 
the service life is l imited by the arbitrary 
2,500-hour figure, the service life can be 
extended beyond th is figure after thor­
ough inspect ion of several spec imens 
which successfully reach the 2,500-hour 
l imit. However, the upper l imit to this 
extens ion is l imited to 75% of the d e m o n ­
strated fat igue life. 

Example of Fat igue Life Determinat ion 
F r o m S-N D a t a 

If the normal life of a spec imen a t a 
certa in stress lever is N, and if n be the 
number of cycles actual ly run a t tha t 
level, t h e n as a consequence of c u m u l a ­
tive d a m a g e theory, a fat igue spec imen 
stressed at several different stress levels 
in random order will fail w h e n 

ni. 
Ni' 

1 

Where t h e s u m m a t i o n is t a k e n over 
all values of i corresponding to the re ­
peated stresses imposed o n the speci­
men. 

Us ing the above expression, i t is p o s ­
sible t o determine the fat igue l ife i n 
hours of a part subject to random appl i ­
cat ion of stresses above the endurance 
l imit , if the fract ion or percentage of 
total life expectancy at. each stress level 
is known. 

Thus, if : 
L=total life of part in hours 
x=life in hours a t stress level (1) 
y = l i f e i n hours at stress level (2) 
e f f r a c t i o n of total life a t level (1) 
b = f r a c t i o n of total life at level (2) 

t h e n : 

:W~ X 

N-2_ _ hiJ 
• N2~ y 

and 

S _ V x y 

or 

100 = 100 
a ,b Pe rcen t of life for pa r t i cu -
— + - lar m a n e u v e r 

E n d u r a n c e life in hours a t 
t h a t m a n e u v e r 

I n the life determinat ion, the h ighes t 
measured stress associated with a par ­
t icular maneuver should be used. Thus , 
in Table I, the m o s t critical s teady h o v ­
ering condit ion should be invest igated 
(from m i n i m u m des ign r. p. m. to m a x i ­
m u m design r. p. m.) at t h e most crit ical 
weight and center of gravity condit ion, 
and the 0.5% occurrence of hovering 
should be based on this critical c o n ­
dition. 

Thi s method c a n be i l lustrated further 
by referring to a specific example . S u p ­
pose t h a t for only two maneuvers , lateral 
reversal and autorotat ion landing, t h e 
measured stresses are above the endur­
ance l imits . T h e life of the structure 
c a n be determined as fol lows: 

TABLE II 
LATERAL AUTO-

REVERSAL ROTATION 
HOVERING, LANDING 

300 320 
R, P. m . R. P. M. 

F l i g h t C o n d i t i o n : 
1. Vibratory S tres s ( f r o m 

flight t e s t ) ps i 4, 900 2, 500 
2. S t e a d y S t r e s s ( f r o m 

f l ight t e s t ) ps i 8, 600 7, 690 
3. E n d u r a n c e i n c y c l e s 

( f r o m S-N c u r v e d 1.1 x 10 s 5.5 x 10« 
4. Cyc les of cr i t i ca l s t ress 

per m i n u t e 300 320 
5. E n d u r a n c e i n h o u r s 

L™1 J 6 ' 1 1 2 8 6 - 46 
c p m x 60 

6. P e r c e n t of l i f e a t f l ight 
c o n d i t i o n 1 . 0 % 2 . 5 % 

= , 2.5 = .1637+ .0087 = 5 8 0 h r S " 
6.11 + 286.46 

S e r v i c e L i f e = 7 5 % of c a l c u l a t e d l i f e = 435 h r s . 



10 CIVIL AERONAUTICS MANUAL 6 

It should be noted that in the above 
example, it is conservatively assumed 
that the peak stresses associated with 
each maneuver have been taken for the 
duration of the maneuver. Since in 

some cases this may be unduly conserva­
tive, the actual measured distribution 
of stress levels associated with each 
maneuver can be employed in the fatigue 
life determination. 
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