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F i g . 1 7 . S a m p l e o f a l o a d h i s t o i y a p p l i e d i n flight-simulatíon f a t i g u e 
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F i g . 1 4 . T h e e f f e c t o f o v e r l o a d s ( O L ) o n f a t i g u e c r a c k g r o w t h i n 
s h e e t s p e c i m e n s o f t h e 2 0 2 4 - T 3 A l - a U o y [ 7 4 ] . 
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F i g . 1 8 . B l o c k - p r o g r a m m e f a t i g u e t e s t i n t r o d u c e d b y G a s s n e r [ 8 9 ] . 
C A - l o a d c y c l e s i n e a c h b l o c k . B l o c k s i n a l o w - h i g h - l o w s e q u e n c e o f 
t h e a m p l i t u d e . 

F i g 1 1 . F a t i g u e t e s t r e s u l t s o f u n n o t c h e d s p e c i m e n s o f a l o w a U t ) y 
S t e e l ( N A C A T N 2 3 2 4 , 1 9 5 1 ) . R e g i o n s o f l o w - c y c l e a n d h i g h - c y c l e 
f a t i g u e . 
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F i g 3 C o r r e s p o n d e n c e b e t w e e n striaáoíls a n d l o a d c y c l e s d u r i n g 
f a t i g u e c r a c k g r o w t h i n a n A l - a U o y s p e c i m e n ( p i c t u r e N a t . A e r o s p a c e 
L a b . , N L R , A m s t e r d a m ) . 
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Figure 14.9 Damage accumulation, in a high-to-low loading sequence. 
(Adapted with permiss ion from B. I . Sandor, F u n d a m e n t a l s of C y c l i c StresF 
a n d Strain (Mad i son ,WI : Univers i ty of Wisconsin Press, 1972) 
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Figuíe 1 4 . 1 2 F a t i g u e c r a c k n u c f e a t i o n a t s , i i p b a n d s . 

Fíguva 14.13 S E M o t c x t r u s i u n s a n d i n t r u i i o n s 
in a a ippcr s h e e t . ( C o u r t e s y of M. JudeJwicz 
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Figure 14.10 (a) Persistent slip bands in vein structure. PolycrystalMne cop-
per faiigucd at a total strain amplitude of 6.4 X 10-* for 3 X 10^ cycles. F a -
tiguing carried out in reverse bending at room temperature and at a 
frequency of 17 Hz. The thin foil was taken 73 [im below the surface. (Cour
tesy of J . R . Weertman and H . Shirai ) (b) Cyc l ic stres.s-strain curve for a 
single crystal of copper oriented for single slip (After H . Mughrabi M a t e r 
Sei. & E n g . , 33 (1978) 207) 

F iaure 14 11 Well-developed maze structure, showing dislocation waUs on 

UOO) I n cl^N^^^^ fattgued to saturat.on. (F rom R Charsley, Mater. S a . & 

E n g . , 47 (1981) 181) 
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l l g i í f e 1 4 1 0 (a í P e r s i s i e i i ! s i i p b a n d s i n wm ! s u u c i u r e , P»il>cmtall!tie c o p 
p e r f a t i g u c d a i a l o i a l s t r a i n a m p l i t u d e u f ft, * < 1 0 "«iurJ A K J ^ c y c l e & F a 
t i i W i n g c a r r i e d o u i i n r c s c r s e b e n d i n g a t t u o m íemperature a n d a i a 
í r equénw u f 1 7 H / , T h e t i i i n t o i l i a k e n 7 3 p j n b e l o w t h e s u r i a c e , ( C o u r -
ttísy o f J . R , Wstr!i»ian má H , S h i r a i ^ ( b ; C y t l i v i s t r c s i - s s i a m c u r v e im B 
s i n i l e c r y s t i i l o f a^ppci o n e n t e d t o r s i n g l e s l i p ( A f t e r r l . M u e h r a b i . Mairr. 
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t i g i i i t ! 1410 í i i ) Persisieni slip bands in vein structure Poiyciystaljintí c o j > -
p e t t a t i g u e d at a toiai ^tram amplitude o f 6.4 x H ) f o r 3 x 1 ( F c y c l e s . F a -
t i g u i n g c a r r i e d o u t m t fverse bending at r o o m t e m p e r a t i i r e a n d a l a 
f r e q u e n c y o f 1 7 H z . T h i ihin foil was taken 73 jun below ihtí s u r t a c c . ( C o u r 
tesy o f J . R , W e i s t l m a r i and H . Shirai ) (b) Cyc l ic s t r e s s - s t r a i n m n e for a 
s i n g l e c r y s t a l o í c o p j K ; ! isncnted for single s l i p ( A f t e r H .Mug l i tab t ,Ma í t t 
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F i g . 17. C o p p e r a t ,'Õ <>f l i l e : ('Í) n o t c l i e s p e n e t i a t i i i K s l i p t i a c e t o l o r i n i i s s u r c s , (A) 
l i s s u r e s l o r m e d d o w n e a c h s i d e o f s l i p - b a i i d p e a k . 
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F i g . 1 7 - 7 T h e b a s i c f a t i g u e s t r e s s c o n d i t i o n s . ( a ) R e v e r s e d 
s t r e s s , ( b ) u n i d i r e c t i o n a l s t r e s s , ( c ) u n i d i r e c t i o n a l s t r e s s w i t h 
a p r e l o a d . 

F i g . 17-8 T h e p r e s e n c e o l " b e a c h m a r k s " u s u a l l y i n d i c a t e s 
t h a t f a i l u r e \«as c a u s e d b y f a t i g u e . H e r e f r a c t u r e b e g a n a t 
a d i s c o n t i n u i t y ( a r r o w ) . ( C o u r t e s y o f D . J . - W u l p i , I n t e r 
n a t i o n a l H a r v e s t e r C o m p a n y ) 
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" H o w C o m p o n e n t s F a i l , " A m e r i c a n S o c i e t y f o r M e t a l s , 
Matais P a r k , O h i o , 1 9 6 6 . ) 

One -woy 
bendin lood 

J ío-woy 
bending load 

Reversed bending 
and r o l a t i o n l o Q d 

No s t r e s s c o n c e n t r o t i o n 
Low Hig i i 

o v e r s f r e s s o v e f s t r e s s 

M i l d s t r e s s c o n c e n l r o t i o n 
L o w 

o v e r s t r e s s 
H i g b 

o v e r s t r e s s 

Hlgh s t r e s s concenfraíion 
Low 

o v e r s i r e s s 
High 

o v f c r s t r e s s 

F i g . 1 7 2 7 F r a c t u r e a p p e a r a n c e s Qt b e n d i n g - f a t i g u e f a i l 
u r e s . F i n a l f r a c t u r e z o n e s a r e s h o w n a s c r o s s h a t c h e d áreas. 
( F r o m M a c h i n e D e s i g n , T h e P e n l o n P u b l i s h i n g C o . , C l e v e 
l a n d , N o v . 2 7 , 1 9 6 9 . ) 



Figure 14.1 Schem tic represeiitation of a fatigue frac i e surf?.c; in a steel 
sliaft, showing the initia on region (usually at the surface), t h t propagation 
of fatigue crack ( e v i d e n c j l y beach markings) , and ..atastrophic rupture 
when the crack lengt exceeds a cr t ! . . a l value at the applied stress. 
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F I g , I 7 - 1 2 T h e o f f s e t t i n g e f f e c t o f r o t a l i o n o n i h a jo.vi dl 
f i n a l f r a c t u r e r e v e a l s t h e d i r e c t i o n t h a t t h e s h a t t r o t a t e d 
d u r i n g o p e r a t i o n . ( P P u r t e s y o f D . J . W u l p i , I n t e r n a t i o n a l 
H a r v e s t e r C o m p a n y , ) 

F i g . 1 7 1 0 " H a t c h e t r> iark .s" a r o u n d e d g e s o f f a t i g u e 
f a i l u r e s i n d i c a t e t h a t ir-^cíure b e g a n a t s e v e r a l p o i n t s . 
( C o u r t e s y o f D . J . W u l p i , I n t e r n a t i o n a l H a r v e s t e r C o m p a n y . ) 
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c o r n e r s . ( a ) S p i i n e , ( b ) k e y w a y . ( F r o m D. J . W u l p i , H o w 
C o m p o n e n t s F a i l . " A m e r i c a n S o c i e t y f o r M e t a l s . M > ta ls 
P a r k , O h i o , ^ 9 6 6 . ) 

F i g . 1 7 - 1 6 T h e d e g r e e o l n o t c h s e n s i t i v i t y a f f e c t s t h e 
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n o t c r i - i n s e n s i t i v e m a t e r i a l ( r i g h t ) , ( F r o m D . J . W u l p i , " H o w 
C o m p o n e n t s F a i l , " A m e r i c a n S o c i e t y f o r M e t a l s , M e t a l s 
P a r k , O h i o , 1 9 6 6 . ) 

F I g . 1 7 1 4 S e c t i o n a l v a l v e b o n n e t s h o w i n g c r a c k w h i c h 
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F i g . 1 7 - 2 9 T h i s 1 0 S 0 s h a f t , 1 . 9 4 I n , i n d i a m e t e r , b r o k s i n 
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i n g i n f i n a l f r a c t u r e . ( C o u r t e s y o f D . J . W u l p i , I n t e r n a t i o n a l 
H a n / e s t e r C o m p a n y . ) 
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