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P A R T 6 — R O T O R C R A F T A I R W O R T H I 

N E S S ; N O R M A L C A T E G O R Y S E R V 
I C E LIFE O F M A I N R O T O R S 

A P P E N D I X A — M A I N ROTOR SERVICE 
LIFE DETERMINATION 

THE POLICY EXPRESSED IN PRESENTLY EF
FECTIVE § 6 . 2 5 0 - 1 SETS FORTH BY REFERENCE 
TO APPENDIX A ACCEPTABLE METHODS OF 
COMPLIANCE WITH THE PROVISIONS OF § 6 . 2 5 0 
RELATED TO THE ESTABLISHMENT OF SERVICE 
LIFE OF MAIN ROTORS. 

APPENDIX A CONTAINS THOSE FATIGUE 
EVALUATION PROCEDURES WHICH ARE ACCEPT
ABLE METHODS FOR DETERMINING THE SERV
ICE LIFE OF MAIN ROTORS. HOWEVER, THE 
PRESENT APPENDIX WAS NOT FILED WITH THE 
OFFICE OF THE FEDERAL REGISTER AND IS 
THEREFORE NOT PRESENTLY SET FORTH I N THE 
CODE OF FEDERAL REGULATIONS. T H E PUR
POSE OF THIS REGULATORY ACTION IS TO REVISE 
THE CURRENT APPENDIX BY U P DATING THE 
FATIGUE EVALUATION PROCEDURES IN LINE 
WITH CURRENT INDUSTRY PRACTICE AND TO 
PUBLISH THE REVISED APPENDIX IN THE F E D 
ERAL REGISTER. I N CONNECTION WITH THE 

REVISION TO APPENDIX A , A M I N I M U M RE
DUCTION OF 2 0 PERCENT IN THE S - N TEST 
DATA CURVE HAS BEEN INTRODUCED TO AC
COUNT FOR THE SCATTER INHERENT IN THE 
RESULTS OF FATIGUE LIFE TESTS. THIS REDUC
TION IN THE S - N CURVE MAKES THE REVISED 
APPENDIX MORE CONSERVATIVE THAN THE 
PRESENT APPENDIX AND CORRESPONDS WITH 
THE PROCEDURES WHICH ARE TYPICAL OF 
PRESENT PRACTICE BY THE ROTORCRAFT 
INDUSTRY. 

SINCE THIS REGULATORY ACTION RELATES 
ONLY TO A STATEMENT OF POLICY, NOTICE AND 
PUBLIC PROCEDURE HEREON ARE UNNECESSARY 
AND IT MAY BE MADE EFFECTIVE OH LESS THAN 
3 0 DAYS' NOTICE. 

I N CONSIDERATION OF THE FOREGOING, A P 
PENDIX A TO FART 6 OF THE CIVIL AIR R E G U 
LATIONS ( 1 4 C F R PART 6 ) , IS HEREBY RE
VISED TO READ AS HEREINAFTER SET FORTH, 
EFFECTIVE DECEMBER 1 4 , 1 9 6 2 : 

(Sec. 313(a), W l , 609; 72 Stat. 7&2, 775, 776; 
49 U.S.C. 1354, 1421, 1423) 

ISSUED IN WASHINGTON, D . C , ON D E C E M 
BER 1 0 , 1 9 6 2 . 

N . E . H A L A E Y , 
Administrator. 

(As p u b l i s h e d i n t h e F e d e r a l R e g i s t e r / 2 7 F.R. 121*007 December l i i , 1962 
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APPENDIX A 
MAIN ROTOB SERVICE 1 D I DETIEMINATION 

1 . Introduction. T H E FATIGUE EVALUATION 
PROCEDURES OUTLINED I N THIS A P P E N D I X ORE 
ACCEPTABLE TO THE FEDERAL AVIATION AGENCY 
FOR SHOWING COMPLIANCE WITH THE FATIGUE 
EVALUATION REQUIREMENTS OF C A B 6 . 2 6 0 , H O W 
EVER, THE INFORMATION CONTAINED I N THIS A P 
P E N D I X IS FOR GUIDANCE PURPOSES ONLY A N D 
IS NOT MANDATORY. 

( A ) T H E ROTORCRAFT IS PERHAPS MORE D I 
RECTLY AFFECTED B Y FATIGUE THAN A N Y OTHER 
TYPE OF AIRCRAFT. T H E PRIMARY STRUCTURAL 
ELEMENTS A N D SYSTEMS ARE SUBJECT TO VIBRATORY 
STRESSES I N PRACTICALLY EVERY REGIME OF FLIGHT. 
I N ADDITION, BEING A HIGHLY MANEUVERABLE 
AIRCRAFT THAT IS CAPABLE OF FORWARD, REARWARD, 
SIDEWARD, VERTICAL, A N D ROTATIONAL FLIGHT, O P 
ERATING LIMITATIONS DUE TO FATIGUE ARE P O S 
SIBLE I N PRACTICALLY ALL FLIGHT SITUATIONS. F O R 
THOSE REASONS, IT IS IMPORTANT THAT SPECIAL 
ATTENTION B E FOCUSED ON THE FATIGUE STRENGTH 
EVALUATION OF THE ESSENTIAL PARTS OF THE ROTOR
CRAFT. 

( B ) ALTHOUGH A UNIFORM APPROACH TO F A 
TIGUE EVALUATION IS DESIRABLE. IT IS RECOGNIZED 
THAT I N SUCH A COMPLEX PROBLEM, N E W DESIGN 
FEATURES A N D M E T H O D S OF FABRICATION, OR N E W 
APPROACHES A N D CONFIGURATIONS M A Y REQUIRE 
VARIATIONS A N D DEVIATIONS FROM THE PROCEDURES 
DESCRIBED HEREIN. ENGINEERING J U D G M E N T 
SHOULD THEREFORE B E EXERCISED FOR EACH P A R 
TICULAR APPLICATION. 

( C ) THERE IS S O M E QUESTION WHETHER A C O M 
PLETELY RATIONAL M E T H O D EXISTS FOR THE P R E 
DICTION OF FATIGUE LIFE I N A B U I L T - U P STRUC
TURE SUBJECT TO R A N D O M LOADING. NEVERTHE
LESS, A N ENGINEERING APPROACH TO THE SUBJECT 
CAN B E ATTAINED THROUGH THE APPLICATION OF 
THE "CUMULATIVE D A M A G E HYPOTHESIS ." T H I S 
HYPOTHESIS ASSERTS THAT EVERY CYCLE OF STRESS 
ABOVE ART "ENDURANCE LIMIT" PRODUCES D A M A G E 
PROPORTIONAL TO THE RATIO OF CYCLES R U N AT THAT 
STRESS TO THE FATIGUE LIFE AT THAT STRESS LEVEL. 
LABORATORY TESTS OF THIS HYPOTHESIS INDICATE 
THAT IT 1B REASONABLY VALID W H E N THE STRESS 
CYCLES ARE OF R A N D O M M A G N I T U D E . T H A T . I S , 
STRESS SPECTRA. I N WHICH ALL HIGH-STRESS 
M A G N I T U D E S ARE APPLIED CONSECUTIVELY A N D 
THEN ALL LOW-STRESS M A G N I T U D E S APPLIED, D O 
NOT OBEY THE HYPOTHESIS. D E S P I T E THE A P 
PROXIMATION INVOLVED I N THE HYPOTHESIS A N D 
THE LACK OF A N ADEQUATE THEORY CONNECTING 
THE HYPOTHESIS WITH MORE BASTE PROPERTIES 
OF THE MATERIALS. IT ATTEMPTS TO TAKE MORE 
FACTORS INTO ACCOUNT THAN ANY OTHER M E T H O D 
DEVELOPED THUS FAR. 

( D ) I N A N Y RATIONAL DETERMINATION OF THE 
FATIGUE LIFE OF A STRUCTURE, THREE BASIC FAC
TORS M U S T B E K N O W N . T H E S E FACTORS ARE: 

( 1 ) T H E STRESSES ASSOCIATED WITH THE FLIGHT 
MANEUVERS A N D OPERATING CONDITIONS E X 
PECTED; 

( 2 ) T H E FREQUENCY OF OCCURRENCE OF SPECIFIC 
LOADINGS EXPECTED; A N D 

( 3 ) T H E FATIGUE STRENGTH CHARACTERISTICS OF 
THE STRUCTURE. 

2 . Flight STRAIN measurement program. I T 
I S GENERALLY AGREED THAT IT I S NOT POSSIBLE AT 
PRESENT TO DETERMINE ANALYTICALLY THE STRESS 
LEVELS ASSOCIATED WITH NORMAL ROTORCRAFT OPER
ATION A N D THE CORRELATION;OF OCCURRENCE OF 
CRITICAL STRESSES WITH SPECIFIC MANEUVERS, OR 
OPERATING CONDITIONS. THEREFORE, THE STRESS 
LEVELS A N D OCCURRENCE OF CRITICAL STRESSES M U S T 
B E DETERMINED B Y A CAREFULLY CONTROLLED NIGHT 
STRAIN M E A S U R E M E N T PROGRAM. 

( A ) Instrumentation. T H E INSTRUMENTA
TION SYSTEM U S E D I N THE NIGHT STRAIN M E A S U R E 
M E N T PROGRAM SHOULD ACCURATELY MEASURE A N D 
RECORD THE CRITICAL STRAINS A N D TEST CONDITIONS 
ASSOCIATED WITH NORMAL OPERATION A N D SPECIFIC 
MANEUVERS. T H E LOCATION A N D DISTRIBUTION, OF 
THE STRAIN GAGES SHOULD B E B A S E D ON A RATIONAL 
EVALUATION OF THE CRITICAL STRESS AREAS. T H I S 
M A Y B E ACCOMPLISHED B Y A QUALITATIVE STUDY 
B Y M E A N S OF BRITTLE COATINGS ( S U C H AS STRESS-
COAT) , B Y PHOTOELASTLC M E T H O D S , OR B Y A P P R O 
PRIATE ANALYTICAL M E A N S . I N A N Y EVENT, T H E 
DISTRIBUTION A N D N U M B E R OF STRAIN GAGES 

SHOULD DEFINE THE LOAD SPECTRUM ADEQUATELY 
FOR EACH PART ESSENTIAL TO THE SAFE OPERATION 
OF THE ROTORCRAFT. 

( 1 ) T H E CORRESPONDING SIGHT PARAMETERS 
(AIRSPEED, ROTOR R P M , CENTER OF GRAVITY A C 

CELERATIONS, ETC.) SHOULD ALSO B E RECORDED 
SIMULTANEOUSLY B Y APPROPRIATE M E T H O D S . 
T H I S I S NECESSARY I N ORDER TO CORRELATE THE 
LOADS A N D STRESSES WITH THE MANEUVER OR 
OPERATING CONDITION AT WHICH THEY OCCURRED. 

( 2 ) T H E INSTRUMENTATION SYSTEM SHOULD B E 
ADEQUATELY CALIBRATED A N D CHECKED PERIODI
CALLY THROUGHOUT THE S I G H T STRAIN M E A S U R E 
M E N T PROGRAM I N ORDER TO INSURE CONSISTENT 
RESULTS. SUFFICIENT CALIBRATION DATA SHOULD B E 
S U B M I T T E D WITH THE FATIGUE EVALUATION PRO
GRAM TO SUBSTANTIATE THE RESULTS OBTAINED. 

( B ) PART* to OE strain-gaged. T H E M A I N 
ROTOR BLADES, ROTOR H U B ASSEMBLY, CONTROLS, 
TALL ROTOR, A N D DIRECTIONAL CONTROL SYSTEM 
SHOULD B E STRAIN-GAGED. FOR ROTORCRAFT OF 
U N U S U A L OR U N I Q U E DESIGN, SPECIAL CONSIDERA
TION M I G H T B E NECESSARY TO INSURE THAT ALL OF 
THE ESSENTIAL PARTS ARE EVALUATED. 

( C ) Flight regimes and conditions to be 
investigated. T H E FLIGHT REGIMES TO B E I N 
VESTIGATED I N THE FLIGHT STRAIN M E A S U R E M E N T 
PROGRAM FOR POWER-ON A N D POWER-OFF OPERA
TION ARE SHOWN I N FIGURES I A N D H . FOR 
CLARITY, THE PARAMETERS WHICH DEFINE THESE 
REGIMES ARE INCLUDED I N THESE FIGURES. A S 
NOTED O N FIGURE I , COMPLETE COVERAGE AT 1 1 1 % 
VNI SHOULD B E DEMONSTRATED FOR P O W E R - O N 
OPERATION. HOWEVER, FOR POWER-OFF OPERATION, 
FIGURE I I , COMPLETE COVERAGE AT 1 1 1 % VNI FOR 
M A R I M I I M A N D M I N I M U M DESIGN R P M S N E E D 
NOT B E OBTAINED IF P O I N T S ARE OBTAINED AT V S S 
AT BOTH M A X I M U M A N D M I N I M U M DESIGN R P M 
A N D AT 1 1 1 % VME AT BOTH M A X I M U M A N D 
M I N I M U M PLACARDED R P M S AS INDICATED I N THE 
FIGURE. I N ADDITION, IF THE HIGH SPEED POINTS 
ARE NOT OBTAINABLE AT THE LOW R P M S . IT IS 
ACCEPTABLE TO VARY THE VNX A N D 1 1 1 % VXA 
S P E E D WITH ROTOR R P M AS S H O W N I N THE FIGURES. 

( 1 ) T H E DETERMINATION OF FLIGHT CONDITIONS 
TO B E INVESTIGATED I N THE S I G H T STRAIN M E A S 
U R E M E N T PROGRAM SHOULD B E BASED O N THE 
ANTICIPATED U S E OF THE HELICOPTER A N D . IF 
AVAILABLE, O N P A S T SERVICE RECORDS FOR SIMILAR 
DESIGNS. I N A N Y EVENT, THE FLIGHT CONDITIONS 
CONSIDERED APPROPRIATE FOR THE DESIGN A N D 
APPLICATION SHOULD REPRESENT THOSE WHICH WILL 
OCCUR I N ACTUAL OPERATION. SUGGESTED FLIGHT 
CONDITIONS FOR SINGLE-ENGINE HELICOPTERS U S E D 
I N NORMAL OPERATION ARE SHOWN I N TABLE I , 
WHICH SHOULD B E U S E D AS A GUIDE I N M A K I N G 
THIS DETERMINATION. I N THE CASE OF M U L T I -
ENGINE HELICOPTERS, THE NIGHT CONDITIONS C O N 
CERNING PARTIAL ENGINE-OUT OPERATION SHOULD 
B E CONSIDERED I N ADDITION TO COMPLETE POWER-
OFF OPERATION. T H E FLIGHT CONDITIONS TO B E 
INVESTIGATED SHOULD B E SUBMITTED, I N A FORM 
SIMILAR TO TABLE 1 , I N CONNECTION WITH THE 
FLIGHT EVALUATION PROGRAM, 

( 2 ) T H E SEVERITY A N D RAPIDITY OF CONTROL 
M O V E M E N T U S E D I N CONTROL REVERSALS, A N D THE 
EXTENT; OF BLADE STALL INVESTIGATED DURING THE 
FLIGHT STRAIN MEASUREMENT PROGRAM, SHOULD 
B E AT LEAST AS SEVERE AS THAT W H I C H WOULD 
OCCUR I N SERVICE. I N DETERMINING THE SEVER
ITY AND RAPIDITY OF CONTROL M O V E M E N T A N D 
BLADE STALL, CONSIDERATION SHOULD B E GIVEN 
TO INADVERTENT OVERSHOOTS DURING TRAINING AS 
WELL AS NORMAL SERVICE. 

( 3 ) ALL S I G H T CONDITIONS CONSIDERED A P 
PROPRIATE FOR THE PARTICULAR DESIGN SHOULD B E 
INVESTIGATED OVER THE COMPLETE R P M , AIR
S P E E D , CENTER OF GRAVITY, ALTITUDE, A N D WEIGHT 
RANGES I N ORDER TO DETERMINE THE MOST CRITI
CAL STRESS LEVELS ASSOCIATED WITH EACH FLIGHT 
CONDITION. I N ORDER TO ACCOUNT FOR DATA 
SCATTER A N D TO DETERMINE THE STRESS LEVELS 
PRESENT, A SUFFICIENT N U M B E R OF MEASURED 
STRAIN POINTS SHOULD B E OBTAINED AT EACH 
FLIGHT CONDITION. I N S O M E INSTANCES, THE 
CRITICAL WEIGHT, CENTER OF GRAVITY, A N D . A L T I 
T U D E RANGES FOR THE VARIOUS MANEUVERS CAN B E 
B A S E D O N PAST EXPERIENCE WITH SIMILAR D E 
SIGNS. T H I S PROCEDURE IS ACCEPTABLE WHERE 
ADEQUATE FLIGHT TESTS ARE- PERFORMED TO S U B 
STANTIATE S U C H SELECTIONS. T H E COMBINATIONS 

OF FLIGHT PARAMETERS THAT PRODUCE THE MOST 
CRITICAL STRESS LEVELS SHOULD B E U S E D I N THE 
F A U Q U E EVALUATION. 

3 , FREQUENCY 0 / loading, ( A ) A T BEST, 
THE DETERMINATION OF THE PERCENTAGE OF TOTAL 
OPERATING T I M E ASSOCIATED WITH EACH FLIGHT 
M A N E U V E R CAN ONLY B E ACCOMPLISHED B Y A 
STATISTICAL APPROACH A N D WILL OF NECESSITY B E 
A FUNCTION OF THE P U R P O S E FOR -WHICH THE 
PARTICULAR HELICOPTER IS INTENDED. OBVIOUSLY, 
A HELICOPTER U S E D ONLY FOR CROP DUSTING WOULD 
HAVE A DIFFERENT T I M E DISTRIBUTION THAN ONE 1 

U S E D FOR MALL OR PASSENGER SERVICE. 
( B ) T H E IMPORTANCE OF ESTABLISHING REP

RESENTATIVE PERCENT OF OCCURRENCES FOR EACH 
FLIGHT CONDITION CANNOT B E OVEREMPHASIZED. 
THEREFORE, THE TIMES ANOTED SHOULD B E BASED, 
O N S O U N D ENGINEERING J U D G M E N T A N D PAST 
SERVICE HISTORY IF AVAILABLE. TABLE I , WHICH 
CONTAINS SUGGESTED PERCENT OF OCCURRENCES, 
ALONG WITH SUGGESTED FLIGHT CONDITION FOR 
SINGLE-ENGINE HELICOPTERS U S E D I N NORMAL O P 
ERATION, SHOULD B E U S E D AS A GUIDE I N E S 
TABLISHING APPROPRIATE T I M E TO B E ALLOTED FOR 
THE VARIOUS MANEUVERS. 

4 . Fatigue strength. T H E THIRD P H A S E OF 
THE FATIGUE EVALUATION PROGRAM IS THE D E 
TERMINATION OF THE FATIGUE STRENGTH OF THE 
PARTS. ALTHOUGH THERE IS INFORMATION AVAIL
ABLE O N THE FATIGUE STRENGTH CHARACTERISTICS 
OF MATERIAL S P E C I M E N S , THE DIRECT APPLICATION 
OF S U C H INFORMATION TO B U H T - U P STRUCTURES 
IS QUESTIONABLE. HOWEVER, DATA FROM TESTS 
OF "PERFECT" S P E C I M E N S CAN UNDOUBTEDLY BE 
AN IMPORTANT TOOL I N DESIGN IF CORRECTED B Y 
APPROPRIATE STRESS CONCENTRATIONS A N D SAFETY 
FACTORS. NEVERTHELESS, THERE ARE VARIOUS OTHER 
FACTORS WHICH AFFECT THE FATIGUE STRENGTH OF 
A B U I L T - U P STRUCTURE WHICH CANNOT B E A C 
COUNTED FOR TO A REASONABLE DEGREE OF A C 
CURACY. THEREFORE, IT IS USUALLY NECESSARY 
THAT THE ESSENTIAL PARTS B E SUBJECTED TO RE
PEATED LOAD TESTS SIMULATING THE CRITICAL 
LOADING CONDITIONS DETERMINED I N THE FLIGHT 
STRAIN M E A S U R E M E N T PROGRAM. SPECIAL O P 
ERATIONAL OR FUNCTIONAL CHARACTERISTICS WHICH 
COULD AFFECT THE FATIGUE STRENGTH SHOULD ALSO 
B E CONSIDERED I N THE SERVICE LIFE EVALUATION. 
S U C H FACTORS AS HIGH BLADE OPERATING T E M 
PERATURES D U E TO TIP JETS OR TURBINE EXHAUST 
I M P I N G E M E N T O N THE TAIL ROTOR SHOULD B E 
CONSIDERED AS WELL AS OTHER SPECIAL OPERATING 
CONDITIONS. I N ADDITION, EFFECTS OF SPECIAL 
P U R P O S E U S E SUCH, AS HOIST A N D SLING OPERA
TION, SPRAYING, SURVEYING, ETC., SHOULD B E 
CONSIDERED IF APPROPRIATE TO THE PARTICULAR 
TYPE. T H E FATIGUE STRENGTH SHOULD B E DETER
M I N E D B Y EITHER OF THE FOLLOWING METHODS, 
B U T THE TESTING M E T H O D LA R E C O M M E N D E D B E 
CAUSE OF THE LIMITATIONS OF THE ANALYTICAL 
APPROACH: 

( A ) Analytical method.. ALTHOUGH IT H A S 
B E E N POINTED OUT THAT CORRELATING MATERIAL 
FATIGUE DATA WITH THAT OF A B U I L T - U P STRUC
TURE IS DIFFICULT, IT IS RECOGNIZED THAT IF M A X 
I M U M ALLOWABLE STRESS LEVELS ARE ESTABLISHED 
B Y ACCEPTABLE M E A N S , A N D THE M A X I M U M 
BTRESSES MEASURED I N FLIGHT ARE LOWER THAN 
THESE ESTABLISHED LEVELS, N O FATIGUE TESTING 
I S NECESSARY. T H E FOLLOWING TECHNIQUE, BASED 
O N THE U S E OF THE G O O D M A N DIAGRAM, I S C O N 
SIDERED ACCEPTABLE FOR ESTABLISHING THIS M A X I 
M U M ALLOWABLE STRESS LEVEL: 

( 1 ) D E T E R M I N E THE ENDURANCE BOUNDARY 
FOR THE PERFECT S P E C I M E N FROM MATERIAL DATA 
OBTAINED FROM LABORATORY TESTS. T H E PERFECT 
LABORATORY S P E C I M E N SHOULD B E REPRESENTATIVE 
OF THE MATERIAL U S E D I N THE ACTUAL STRUCTURE 
I N REGARD TO BASIC STRENGTH PROPERTIES, A N D 
WITHOUT STRESS CONCENTRATIONS. REFERRING TO 
FIGURE H I , THE ENDURANCE BOUNDARY FOR THE 
PERFECT S P E C I M E N M A Y B E REPRESENTED B Y a, 
STRAIGHT LINE DRAWN THROUGH THE YIELD STRESS 
( P O I N T A O N THE HORIZONS! AXIS) A N D THE 
M A X I M U M OSCILLATORY STRESS WHICH THE PAR
TICULAR S P E C I M E N CAN WITHSTAND FOR AN I N 
FINITE N U M B E R OF • CYCLES ( P O I N T B O N THE 
VERTICAL AXIS.) T H E M A X I M U M OSCILLATORY 
STRESS SHOULD B E B A S E D O N LABORATORY S P E C I 
M E N S TESTED WITHOUT FAILURE TO AT LEAST 6 
X 1 0 ' CYCLES FOR NONFERROUS MATERIALS OR 1 0 * 

- 2 -



cyc l e s for ferrous m a t e r i a l s . T h e l i n e A B 
t h e n represents t h e u p p e r b o u n d a r y Of t h e 
c o m b i n a t i o n s o f o sc i l l a tory a n d s t e a d y 
s t re s se s which* t h e per fec t s p e c i m e n c a n 
w i t h s t a n d w i t h o u t fa i lure . 

(2 ) T h e a l l o w a b l e f u l l reversal s tress a s 
d e t e r m i n e d i n (1) 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 for t h e s tress c o n c e n t r a t i o n s t h a t 
a r e p r e s e n t In t h e a c t u a l part . T h e s tress 
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 be a d e 
q u a t e to a c c o u n t for sur face c o n d i t i o n s , 
f abr i ca t ion m e t h o d s , f r e t t i n g , a n d s i ze a n d 
s h a p e effects, a s w e l l a s s tress c o n c e n t r a t i o n s 
a r o u n d bo l t s , threads , f i l lets , n o t c h e s , a n d 
r ive t s . T h e re su l t lng* l ine AC o n t h e G o o d 
m a n d i a g r a m r e p r e s e n t s t h e f a i l u r e b o u n d a r y 
l i n e for t h e a c t u a l part . T h e s e l e c t i o n of 
a n a d e q u a t e s t r e s s c o n c e n t r a t i o n fac tor t o 
a c c o u n t for t h e above c o n d i t i o n s , par t i cu lar ly 
s i z e a n d s h a p e e B e c t s a n d f r e t t i n g s h o u l d 
b e b a s e d o n s o u n d e n g i n e e r i n g judgr . . en t a n d 
p a s t exper ience . 

(3) A factor of sa fe ty of 3 s h o u l d t h e n 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 l i n e t o e s t a b 
l i sh t h e opera t ing b o u n d a r y l i n e A D . T h e 
s l o p e of l i n e A D w o u l d be o n e - t h i r d of l i n e 
AC. 

(4 ) If t h e n i g h t 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 n of t h e o p e r a t i n g s t r e s s e s f a l l 
b e l o w t h e opera t ing b o u n d a r y l i n e ( A D ) , n o 
f a t i g u e t e s t i n g Is necessary . W h e n t h e 
m e a s u r e d s t re s se s are 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 ine , however , f a t i g u e t e s t i n g of t h e 
a c t u a l par t s i s neces sary . 

( b ) Limitations of the analytical method. 
C a u t i o n s h o u l d b e exerc i s ed i n t h e a p p l i c a 
t i o n of t h e G o o d m a n d i a g r a m m e t h o d , p a r 
t i c u l a r l y w h e n t h e fo l lowing- I t e m s are 
Invo lved: 

(1 ) Large p a r t s i n propor t ion t o t h e l a b o 
ra tory s p e c i m e n s ; 

(2) Irregular ly s h a p e d p a r t s c o n t a i n i n g 
n u m e r o u s fillets, h o l e s , threads , or l u g s ; 

(3 ) F a r t s of u n i q u e d e s i g n for w h i c h n o 
p a s t service exper ience is ava i lab le . 

( 4 ) P a r t s s u b j e c t t o f r e t t i n g ; a n d 
( 5 ) B o l t e d or p i n n e d c o n n e c t i o n s . 

I n v i e w of t h e s e l i m i t a t i o n s and t h e diff iculty 
I n s e l e c t i n g a n a d e q u a t e overal l s t r e s s c o n 
c e n t r a t i o n fac tor , m a n y h e l i c o p t e r m a n u f a c 
t u r e r s e s t a b l i s h t h e o p e r a t i n g b o u n d a r y l ine , 
A D (f igure Ti l ) o n t h e G o o d m a n d i a g r a m 
f r o m d a t a based o n a c t u a l t e s t s a n d serv ice 
e x p e r i e n c e . T h i s m e t h o d i s c o n s i d e r e d a c 
c e p t a b l e p r o v i d e d suff icient d a t a a r e u s e d t o 
s u b s t a n t i a t e t h e a l lowables . 

(c-) Testing methods. T h e f a t i g u e s t r e n g t h 
charac ter i s t i c s of t h e e s s e n t i a l par t s of t h e 
h e l i c o p t e r s h o u l d IK d e t e r m i n e d b y a n y of 
t h e t e s t m e t h o d s d e s c r i b e d b e l o w or o t h e r 
t e s t m e t h o d s w h i c h c a n b e s h o w n t o p r o 
v i d e s i m i l a r r e s u l t s . ( S i n c e l ack o f q u a l i t y 
contro l c a n eas i l y r e s u l t i n large v a r i a t i o n s 
I n f a t i g u e l i f e , g r e a t care s h o u l d b e t a k e n 
t o Insure t h a t p r o d u c t i o n p a r t e a n d a s s e m 
b l i e s are m a d e w i t h t o e s a m e care a s t h e 
c o m p o n e n t s u s e d i n a n y f a t i g u e t e s t s . ) 

(!) S-N Curves. (1) T h e e s t a b l i s h m e n t of 
a f a m i l y of S - N curves i s a n a c c e p t a b l e 
m e t h o d for d e t e r m i n i n g f a t i g u e s t r e n g t h o f 
t h e e s sen t ia l par t s . T h e e s t a b l i s h m e n t o f 
e a c h S - N c u r v e Invo lve s t e s t i n g a sufficient 
n u m b e r o f p a r t s a t t h e s a m e s t e a d y s t r e s s 
l eve l a n d v a r y i n g t h e osc i l l a tory s tress . 
T h u s , In figure IV, If a t a s t e a d y s t r e s s l e v e l 
A a n d a n osc i l l a tory s t r e s s o f l e v e l B . t h e p a r t 
Is t e s t e d u n t i l fa i lure , fa i lure o c c u r r i n g a t N v 

c y c l e s , a p o i n t o n t h e S - N c u r v e for s t e a d y 
s t r e s s of l eve l A i s d e t e r m i n e d . A d d i t i o n a l 
p o i n t s o n t h e S - N c u r v e r e p r e s e n t i n g a s t e a d y 
s t r e s s of leve l A m a y b e d e t e r m i n e d b y c h o o s 
i n g a d i f ferent osc i l l a tory s t res s l eve l a n d 
t e s t i n g t h e par t t o f a i l u r e . I f n o f a i l u r e o c 
c u r s for a speci f ic l o a d i n g c o n d i t i o n , a f t e r 10 7 

c y c l e s for f errous m a t e r i a l s o r a f t e r 5 x 10" 
c y c l e s for n o n f e r r o u s m a t e r i a l s , t h e par t c a n 
b e cons idered t o h a v e i n f i n i t e l i f e a t t h a t 
s t r e s s leve l . However , i n t h e case of n o n f e r 
r o u s m a t e r i a l s , It Is a c c e p t a b l e to t e s t t o 10* 
cyc l e s prov ided t h e e x t e n s i o n of t h e c u r v e t o 

6 X 10* c y c l e s i s e s t a b l i s h e d b y s u i t a b l e 
m e a n s . 

(11) T o c o m p e n s a t e for t h e sca t t er u s u a l l y 
a s soc ia t ed w i t h f a t i g u e t e s t i n g , a large n u m 
ber of t e s t s p e c i m e n s Is des irable i n e s t a b 
l i s h i n g e a c h S - N curve . However , m o s t 
m a n u f a c t u r e r s c a n n o t afford t h e c o s t a n d 
t i m e n e c e s s a r y t o o b t a i n s u c h accuracy . 
Therefore , a m i n i m u m of 4 t e s t s p e c i m e n s 
w h i c h wi l l e s t a b l i s h a w e l l def ined c u r v e over 
t h e r a n g e of osc i l la tory s t res s l eve l s e x p e c t e d 
t o o c c u r i n serv ice i s c o n s i d e r e d a c c e p t a b l e 
i n e s t a b l i s h i n g e a c h S - N curve . I n order t o 
c o m p e n s a t e for t h e sca t t er a s soc ia t ed w i t h 
f a t i g u e t e s t i n g , t h e m e a n S - N curves s h o u l d 
b e r e d u c e d b y a n appropr iate factor . T h i s 
factor , w h i c h s h o u l d b e appl ied t o t h e s t res s 
ax i s , s h o u l d be based o n t h e t y p e of m a t e r i a l 
b e i n g t e s t e d , p a s t service exper i ence w i t h t h e 
m a t e r i a l , a n d t y p e of d e s i g n . For m a t e r i a l s 
a n d d e s i g n s for w h i c h serv ice exper i ence i s 
ava i lable , a factor of n o t l ess t h a n 30 p e r c e n t 
Is cons idered a c c e p t a b l e . However , for n e w 
m a t e r i a l s or d e s i g n s t h i s fac tor s h o u l d b e 
appropr ia te ly increased . T h e s h a p e of t h e 
r e s u l t i n g r e d u c e d curve s h o u l d b e based o n 
t y p i c a l p u b l i s h e d S - N d a t a a n d a l l of t h e t e s t 
p o i n t s s h o u l d f a l l a b o v e t h e r e d u c e d c u r v e . 
T h i s c u r v e w o u l d t h e n represent t h e S - N 
c u r v e for u s e i n d e t e r m i n i n g t h e f a t i g u e 
l ives . F i g u r e IV represent s t h i s m e t h o d of 
c o n s t r u c t i n g a t y p i c a l S - N c u r v e b a s e d o n 
t e s t s p e c i m e n s . I n t h i s e x a m p l e , a r e d u c t i o n 
fac tor of 20 p e r c e n t w a s u s e d for e x p l a n a t o r y 
p u r p o s e s on ly , A separate S - N curve s h o u l d 
b e e s t a b l i s h e d for e a c h cr i t ica l s t e a d y s t r e s s 
level d e t e r m i n e d i n t h e S i g h t s t r a i n m e a s u r e 
m e n t survey . I f i t i s des i red 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 s t e a d y s t res s m a y b e u s 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 . However , 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. curves m a y 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 o r s imi lar d iagrams or 
b y r a t i o n a l m e t h o d s , c a u t i o n s h o u l d b e 
exerc i sed In e x t r a p o l a t i n g t e s t d a t a b y m e a n s 
of s t r a i g h t l i n e G o o d m a n d i a g r a m s , p a r t i c u 
larly f r o m a l o w e r a l t e r n a t i n g s tress t o a 
h i g h e r a l t e r n a t i n g s t res s s i n c e t h e r e s u l t s 
m a y b e u n c o n s e r v a t l v e . 

(2) Cyclical units. T h e e s t a b l i s h m e n t o l 
f a t i g u e l i f e b a s e d o n cyc l i ca l u n i t m e t h o d i n 
vo lves t h e f o l l o w i n g : 

(1) D e t e r m i n i n g b y flight t e s t t h e d a m 
a g i n g s t res s l e v e l s 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 c o n s i d e r e d appropr iate for t h e p a r 
t i c u l a r he l i copter ; 

(U) D e t e r m i n i n g t h e n u m b e r o f c y c l e s t h e 
d a m a g i n g s t r e s s l e v e l s o c c u r d u r i n g e a c h 
m a n e u v e r based o n t h e e x p e c t e d p e r c e n t a g e 
of occurrence; a n d 

(Hi) T e s t i n g of e a c h e s sent ia l par t at> a l l of 
t h e d a m a g i n g s t r e s s l eve l s for t h e c o r r e s p o n d 
i n g n u m b e r o f c y c l e s , "represent ing t h e e x 
p e c t e d m a n e u v e r h i s t o r y . S i n c e t h e f a t i g u e 
l i f e o f t h e p a r t s Is u n k n o w n b e f o r e h a n d , 
t h e d a m a g i n g s t res s l eve l s m u s t b e covered 
In arbi trar i ly c h o s e n cyc l i ca l u n i t s . F o r e x 
a m p l e . If cyc l i ca l u n i t s of 100 h o u r s a r e 
c h o s e n , t h e n re ference t o t a b l e I w o u l d i n d i 
c a t e t h a t t h e d a m a g i n g s t r e s s l e v e l s a n d 
n u m b e r of c y c l e s c o r r e s p o n d i n g t o 0.5 h o u r s 
a t rapid Increase of r p m o n t h e g r o u n d for 
q u i c k l y e n g a g e d c l u t c h , 0.5 h o u r s a t J u m p 
takeoff, 1.0 h o u r s a t 2 0 % VHE for l eve l 
flight, a n d s o o n t h r o u g h o u t t h e m a n e u v e r 
h i s tory , s h o u l d b e i n c l u d e d d u r i n g e a c h t e s t 
i n g u n i t of 100 h o u r s . A m i n i m u m of t 
s p e c i m e n s s h o u l d b e u s e d a n d t h e f a t i g u e 
l i f e o f t h e p a r t or c o m p o n e n t s h o u l d b e based 
o n t h e s m a l l e s t n u m b e r of c o m p l e t e d u n i t s . 
T h u s , If t h e s m a l l e s t n u m b e r of c o m p l e t e d 
u n i t s f o r t h e 4 t e s t s p e c i m e n s Is 14, t h e n t h e 
f a t i g u e l i f e for t h i s par t w o u l d b e b a s e d o n 
1400 h o u r s . I t s h o u l d b e n o t e d t h a t t h e 
C u m u l a t i v e D a m a g e H y p o t h e s i s o n w h i c h 
t h i s m e t h o d i s b a s e d h a s b e e n f o u n d t o b e 
v a l i d on ly w h e n t h e s tress cyc l e s are o f r a n 
d o m m a g n i t u d e . Therefore , if t h e c y c l i c a l 
u n i t p r o c e d u r e Is a d o p t e d , care s h o u l d b e 

t a k e n t o avo id t h e a p p l i c a t i o n o f a l l h i g h 
s t res s l e v e l s c o n s e c u t i v e l y a n d t h e n all l o w 
s tresses . I t Is a l s o d e s i r a b l e t o k e e p t h e u n i t s 
of t i m e a t r e a s o n a b l y l o w leve l s . 

( 3 ) C o m b i n a t i o n of S-Jf ramies and c y c l i 
c a l u n i t s . A n o t h e r m e t h o d of d e t e r m i n i n g f a 
t i g u e s t r e n g t h w o u l d b e by t h e c o m b i n a t i o n 
o f S - N c u r v e s a n d cyc l i ca l u n i t s . T h i s w o u l d 
i n v o l v e t h e d e t e r m i n a t i o n of 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 n i g h t 
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 tresses 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 s t r e s s e s w h i c h fa l l 
b e l o w t h e e n d u r a n c e l i m i t are cons idered t o 
h a v e n o effect o n t h e f a t i g u e l i f e . T h e 
m e t h o d o f cyc l i ca l u n i t s w o u l d t h e n be 
a p p l i e d on ly t o t h o s e flight c o n d i t i o n s r e 
s u l t i n g i n s tresses 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 eve l flight c o n d i t i o n s resu l t i n Btresses 
w h i c h are 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 
a c t u a l t e s t i n g w o u l d b e grea t ly r e d u c e d . 

(4) Whirl stand testing.' A n o t h e r m e t h o d 
o f d e t e r m i n i n g t h e f a t i g u e l i f e o f t h e e s s e n 
t i a l p a r t s Involves t h e u s e o f a w h i r l t e s t 
s t a n d o n w h i c h t h e e n t i r e rotor a s s e m b l y Is 
t e s t e d for t h e loads d e t e r m i n e d i n t h e flight 
s t r a i n program. T h e f a t i g u e l i f e . w o u l d b e 
b a s e d o n t h e m i n i m u m n u m b e r 1 o f h o u r s 
c o m p l e t e d w i t h o u t f a i l u r e for t h e m o s t c r i t i 
ca l s tress l e v e l s d e t e r m i n e d i n f l ight . T h i s 
m e t h o d Is o n l y va l id w h e n t h e cr i t i ca l l o a d s 
d e t e r m i n e d i n t h e flight s t r a i n survey c a n 
be d u p l i c a t e d accurate ly . 

( d ) Finite sere ice M/e. 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 m i g h t i n v o l v e f a c t o r s 
w h i c h c a n n o t b e a s c e r t a i n e d b y t e s t i n g , i t 
b e c o m e s des i rab le t o e s t a b l i s h , a n o p e r a t i o n a l 
t i m e l i m i t , or serv ice l i fe , a f ter w h i c h t h e 
p a r t s h o u l d b e r e m o v e d f r o m service . T h e r e 
fore , , to c o m p e n s a t e for t h e s e f a c t o r s , t h e 
serv ice l i f e s h o u l d b e e s t a b l i s h e d i n a c c o r d 
a n c e w i t h t h e f o l l o w i n g f o r m u l a s a s a p p l i 
c a b l e : 

(1 ) C a l c u l a t e d serv ice l i f e , L c , ^ 3 , 3 5 0 h o u r s 
Serv i ce l i fe , I , = 0 . 7 6 1^ h o u r s 

( 2 ) C a l c u l a t e d serv ice l i f e , L 8 , a=8,350 h o u r s 
Serv ice l i fe , L = 0 . 3 7 6 1 ^ + 1 , 2 5 0 h o u r s , 

( e ) Infinite service life. I n f i n i t e l i f e of a 
par t i cu lar par t o r c o m p o n e n t m a y b e e s t a b 
l i s h e d b y d e m o n s t r a t i n g t h a t a l l of t h e c r i t i 
c a l o p e r a t i n g s tresses , a s d e t e r m i n e d b y t h e 
flight s t r a i n survey , are b e l o w t h e e n d u r a n c e 
l i m i t . T h i s m a y b e d e m o n s t r a t e d b y e i t h e r 
of t h e f o l l o w i n g m e t h o d s : 

( 1 ) I f a l l of t h e cr i t i ca l o p e r a t i n g s t re s se 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 o n 
t h e G o o d m a n d i a g r a m (f igure H I ) n o f a 
t i g u e t e s t i n g is neces sary . 

( 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 soc ia t ed w i t h t h e m o s t cr i t i ca l m e a n -
osc i l l a tory s t res s leve l m e a s u r e d In S i g h t . 
N o fa i lure s h o u l d o c e u r before 1CP cyc l e s f o r 
f errous m a t e r i a l s n o r be fore B s 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 o f t e s t s p e c i m e n s i s d e p e n d e n t o n 
t h e osc i l l a tory t e s t , l eve l i n t h e f o l l o w i n g 
m a n n e r : 

(I) A i " i " t " ' i " o f 4 t e s t s p e c i m e n s i f t h e 
osc i l l a tory l eve l i s c h o s e n a t 1.1 t i m e s t h e 
cr i t ica l o sc i l l a tory s tress level; 

(II) A m i n i m u m of 3 t e s t s p e c i m e n s if t h e 
osc i l l a tory l eve l i s c h o s e n a t 1.26 t i m e s t h e 
cr i t i ca l osc i l la tory s t res s leve l ; 

(III) 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 
osc i l l a tory l eve l Is c h o s e n a t 1.5 t i m e s t h e 
cr i t i ca l osc i l la tory s t res s leve l ; a n d 

( iv) O n e s p e c i m e n If t h e osc i l la tory l eve l 
Is c h o s e n a t 2 t i m e s t h e cr i t ical o sc i l l a tory 
s t r e s s level . 

( f ) Extension of service life. T h e f o l l o w 
i n g c o n d i t i o n s s h o u l d h e m e t t o e x t e n d serv 
i c e l i f e b e y o n d t h e in i t i a l r e t i r e m e n t l i f e 
e s t a b l i s h e d In a c c o r d a n c e w i t h e q u a t i o n (2) 
of paragraph ( d ) of t h i s s e c t i o n . 

(1 ) A suff ic ient n u m b e r of i d e n t i c a l par t s 
w h i c h r e p r e s e n t a n a d e q u a t e s a m p l i n g of 
o p e r a t i o n s h o u l d s u c c e s s f u l l y r e a c h t h e i n i 
t i a l r e t i r e m e n t l i f e . 

(2 ) T h e par t s s h o u l d b e t h o r o u g h l y i n 
s p e c t e d f o r wear, f re t t ing , cracking , etc . , b y 
appropr ia te m e t h o d s . 
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IF THESE CONDITIONS HAVE BEEN SATISFIED AND 
THE-PARTS FOUND TO BE FREE FROM DEFECTS, AN 
INCREASE IN SERVICE LIFE MIGHT BE GRANTED. 
THE UPPER LIMIT OF SERVICE LIFE WHICH MIGHT 
BE GRANTED UNDER THESE EXTENSION PROVISIONS 
IS 76 PERCENT OF THE DEMONSTRATED FATIGUE 
LIFE. IT IS ADVISABLE TO APPROACH THE 75 PER
CENT FIGURE IN SEVERAL INCREMENTS OF LIFE 
EXTENSION. 

6. SAMPLE CALCULATION BASED ON S-N-DATA. 
THE CUMULATIVE DAMAGE HYPOTHESIS STATES 
THAT EVERY CYCLE OF STRESS ABOVE AN ENDURANCE 
LIMIT PROD-ACES DAMAGE PROPORTIONAL TO THE 
RATIO OF CYCLES RUN AT THAT STRESS TO THE FA
TIGUE LIFE AT THAT STRESS LEVEL. THUS, IF A 
PART IS SUBJECTED TO RANDOM LOADING FOR » I 
CYCLES AT A STRESS LEVEL OF SLT N^ CYCLES AT SJ, 
N 3 CYCLES AT SJ, AND SO ON, AND IF NJ, N 2 , 
N 3 ARE THE CORRESPONDING NUMBER OF CYCLES 
TO FAILURE FOR EACH STRESS LEVEL, THEN FAILURE 
WIN'OCCUR WITH THE SUMMATION: 

£L_i_^LJ_HJ.BI I „ T S I = 1 

USING THIS EXPRESSION, THE CALCULATED SERVICE 
LIFE OF A PART SUBJECTED TO RANDOM LOADING 
CAN BE DETERMINED IF THE PERCENT OF LIFE USED 
PER HOUR AT EACH DAMAGING STRESS LEVEL IS 
KNOWN. THE PERCENT OF LIFE USED PER HOUR 
AT EACH DAMAGING STRESS LEVEL, CAN BE EX
PRESSED BY 

1 = ? ° . 
N - ( 1 ) 

WHERE: 
1=PERCENT OF LIFE USED PER HOUR AT THE 

DAMAGING STRESS LEVEL; 
A = PERCENT OF TOTAL OPERATING TIME AL

LOTTED TO THE FLIGHT CONDITION DURING 
WHICH THE DAMAGING STRESS LEVEL WAS 
RECORDED; 

K = TOTAL NUMBER, OF .CYCLES OF THE DAMAG
ING STRESS LEVEL AT FAILURE; AND 

N=NUMBER OF CYCLES THE DAMAGING STRESS 
LEVEL OCCURS PER HOUR. 

THUS, THE CALCULATED SERVICE LIFE, L C , OF A 
PARTICULAR PART OR COMPONENT SUBJECTED TO A 
RANDUM NUMBER OF DAMAGING STRESS LEVELS, 
WOULD BE 

100 
I L + I A + I J + • 4 

( 2 ) 
SII 1 ' 

A SAMPLE CALCULATION ILLUSTRATING THIS METHOD 
FOR DETERMINING THE CALCULATED SERVICE LIFE 
IS SHOWN IN TABLE n. IN THIS EXAMPLE, THE 
PEAK STEADY AND VIBRATORY STRESS LEVELS ASSO
CIATED WITH EACH, MANEUVER HAVE BEEN AS
SUMED TO OCCUR FOR THE DURATION OF THE 
MANEUVER (COLUMNS 3 AND 4 ) . IN ADDITION, 
THE CYCLES OF OSCILLATORY STRESS PER HOUR ALSO 
HAS BEEN CONSERVATIVELY ASSUMED AT THE MAX
IMUM LEVEL THROUGHOUT THE FLIGHT SPECTRUM 
(COLUMNS). IF THIS PROCEDURE TENDS TO LIMIT 
THE SERVICE LIFE UNDULY, IT IS ACCEPTABLE TO USE 
THE ACTUAL MEASURED STRESS LEVEL DISTRIBUTIONS 
IF PROPER ACCOUNT OF POSSIBLE VARIATIONS LA 
PROVIDED BY REPEATED MANEUVERS. THE NUM
BER OF CYCLES TO FAILURE FOR EACH DAMAGING 
STRESS LEVEL (COLUMN 6) WAS DETERMINED FROM 
FIGURE V. AS AN EXAMPLE, CONSIDER FLIGHT 
CONDITION II (C) OF TABLE II. THE PERCENT OF 
TOTAL OPERATING TUNE (A) CONSIDERED AT THIS 
MANEUVER IS 0.6%, THE DAMAGING OSCILLATORY 
STRESS LEVEL IS 10,500 PSL, THE NUMBER CYCLES 
OF DAMAGING STRESS PER HOUR (N) IS 23,200 
AND THE NUMBER OF CYCLES TO FAILURE (N) FROM 
THE S-N CURVE (FIGURE V) IS 3,200,000 CYCLES. 
THEN BY EQUATION (1 ) THE PERCENT OF LIFE 
USED PER HOUR AT THIS DAMAGING STRESS LEVEL 
WOULD BE 

AN 0,5X23,000 • 
1 = N = T I 3 O O S O O - = 0 0 0 3 8 2 

THE SUMMATION OF THE INDIVIDUAL PERCENT
AGES OF LIFE USED PER HOUR FOR EACH DAMAGING 
STRESS LEVEL IS SHOWN IN COLUMN 7. THERE
FORE, BY .EQUATION ( 2 ) , THE CALCULATED SERVICE 
LIFE OF THIS PART WOULD BE 

TABLE I—CONTINUED 
PERCENT OCCOEBENCE—CONTINUED 

_ 1 0 0 100 
C _ S L J — 0.15289 

(H) EIGHT TURNS—30, 60, 90% 

(I) 
3 . 0 

= 8 5 4 HOURS 

THE SERVICE LIFE OF THIS PART WOUM BE, AS 
EXPLAINED IN PARAGRAPH (D) OF SECTION 4. 

L = 0.75X654 
IJ=:490. HOWS 

A SUMMARY OF THE MEASURED STRESS AND PER
CENT LIFE USED AT THE VARIOUS FLIGHT CONDITIONS 
SHOULD BE SUBMITTED WITH THE FATIGUE EVALU
ATION PROGRAM IN A FORM SIMILAR TO TABLE II. 

TABLE I 

PEHCEMT OCCUBBENCAI 

(C) 

I . GROUND CONDITIONS 1 .5 
(A) RAPID INCREASE OF RPM ON 

GROUND TO QUICKLY EN
GAGE CLUTCH I „ _ 0 . 5 

TAXIING WITH FULL CYCLIC 
CONTROL „• . 5 

JUMP TAKEOFF . 5 
H . HOVERING.. 2 . 0 
(A) STEADY;HOVERLNG—. : . 5 
(B) LATERAL REVERSAL . 6 
(C) LONGITUDINAL REVERSAL—— . 5 
(D) RUDDER REVERSAL . 6 
III. FORWARD FLIGHT POWER ON 8 7 . 5 
(A) LEVEL FLLGHT-20% V^. 1 .0 
(B) LEVEL FLIGHT—40% V M 3 . 0 
(C) LEVEL FLIGHT—60% VJNS 13-0 
(D> LEVEL FLIGHT—80% VMJ 26. 0 
(E) MAXIMUM-LEVEL FLIGHT (BUT 

NOT GREATER THAN V ^ ) 1 5 . 0 
(1) 3 . 0 
(G) 111% VME . 5 

LEFT TURNS—30, 60, 90% 
VKE 

(J) CLIMB (TAKEOFF/POWER) 
(K) CLIMB (MAX. CONTINUOUS 

POWER) 4 . 0 
(I) CHANGE TO AUTOROTATLON 

FROM POWER-ON FLIGHT— 
30, 60, 90% V R A 1 .5 

(M) PARTIAL POWER DESCENT 
(INCLUDING CONDITION OF 
ZERO FLOW THROUGH ROTOR) _ 

(N> CYCLIC AND COLLECTIVE PULL-
UPS FROM LEVEL FLIGHT.... 

(O) LATERAL REVERSALS AT V H 

(P) LONGITUDINAL REVERSALS AT 
V A . . . . 

(q) RUDDER REVERSALS AT V H 

3 . 0 
2 . 0 

2 .0 

1 .0 
. 6 

(R) LANDING APPROACH 3 .0 
(S) SIDEWARD FLIGHT . 5 
(T) BEARWARD FLIGHT. . 5 

T V . AUTOROTATLON—POWER OFF 9 . 0 
(A) STEADY FORWARD FLIGHT 2 .0 
(B) BAPLD POWER RECOVERY FROM 

AUTOROTATLONAL FLIGHT . 5 
(C) BIGHT TURNS—30. 60, 90% 

V M . . . . 1 .0 
(D) LEFT TURNS—30, 60, 90% 

VHJ; . . . . . . 1 .0 
(E) LATERAL REVERSALS . 5 
(F) LONGITUDINAL REVERSALS . 5 
(G) EUDDER REVERSALS . 6 
(H) CYCLIC AND COLLECTIVE PUM-

UPS ! 1.0 
(1) LANDINGS ( I N C L U D I N G 

FLARES) ; 2 . 0 

100.0 100.0 

TABLE H—R/XMAIHKAJJOW OR SEBTICB U -
(SAMPLE CATEOIOTLOB) 

- i l -



F I O N A S I 

POWEB OS 

Rotor JSJ>.IF. Airspeed Envelope 

NOTE: D A S H E D LINES INDICATE TEST BOUNDARIES. CROSS-HATCHED AREAS INDICATE OPERATING 
REGIMES. 

PIAINTX I I I 

Steady Stress 

FIGTJBX I I 

POWER ORR 

B O TOR RPM. Alrtpeed ENVELOPE 

F I O N S E I V 

_MGC» DESIGN OR TOWNSIRAIEJI 
6 . 1 0 3 , 6 . 2 0 1 * 

, 6 . 2 0 U ) 

B 
- S S P 

I 

STEADY STRESS LEVEL - A 

T E S T DATA CURVE 

HE- FAILURE AT REQUIRED 
NUMBER OF CYOLES ($ X 1 0 ' ) 

2 0 £ REDUCTION 

AIRSPEED 
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CYCLES 
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