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XATIONAL ADVISORY COKMITTEE FOR AEBOWAUTICS 

TIIE FATIGUE STrlENGTES 07 SOMX IiROUGET ALUMIXUI4 ALLOYS 

BY G. W. S t i c k l e y  

The s t r e n g t l . ,  o f  a m e t a l  irhen sub je : t ed  t o  r e p e z t e d  
s t r e s s  i s  u s u a l l y  i c d i c a t e d  by a v a l u e  known a s  t h e  sil- 
dura i i ce  l i m i t  , whicn  c e : i e r a l l g  i s  d e f i n e d  a s  t h e  maximum 
s t r e s s  t h a t  t h e  Ir!e:al w i l l  wit:;stancl f o r  an  i n d e f i n i t e l y  
l a r g e  number of c y c l ~ s  of c o m p l e t e  r e v e r s a l s  of s t r e s s ,  
I n  inany d e s i g n  p r o j l e m s ,  however ,  s u c h  a n  e n d u r a n c e  l i m i t  
v a l u e  d o e s  n o t  f u r n i s h  s - i f f i c i e r - t  i n f o r m a t i o n  co i1cern ing  
t h e  f a t i g u e  s t r e n g t h  T o r  t h e  a n t i c i g a t e d  s e r v i c e  c o n d i t i o n s .  
I t  is f r e q u e n t l y  unnccessp- ry  t o  d e s i g n  f o r  a number of 
c y c l e s  S ; -ea ts r  thai i  a s m a l l  f 2 a c t i o : l  o f  % h a t  r e q u i r e d  i n  
d e t e r m i n i n g  t h 2  e n d v r a n c e  l i m i t .  12 s u c k  c a s e s  t h e  de- 
s i r e d  d a t a  c a n  usual.l:7 b e  o j t a i n e d  2 r o m  t h e  f a t i g u e  c u r v e  
u s e d  i n  d c t e r m i n i n g  t h e  c n d u r a n c e - l i z i t  v a l u e o  P a r t h e r -  
more ,  s o n e  d a s i g n  p r o b l e s s  involve. l o a d i n g  c o n d i t i o n s  i n  
y h i c h  t h c  s t r e s s e s  a y e  n o t  compie t e l -y  r e v e r s e d .  T h e r e f a r e ,  
i t  o f t e n  i s  d e s i r a j l e  i n  f a t i g u e  t e s t i n g  t o  mLke many more 
t e s t s  t h a n  t h e  s m a l l  number r e q u i r e d  t o  d e t e r s i n e  t h e  usua l  
e n d u r a n c e  l i m i t  valyie o f  a m e t a l .  

The f a t i g u e  s t r e n g t h s  t h a t  have  been  d e t e r m i n e d  f o r  
several wrought-a1uminv.n ~ ‘ . i l o y s  ct d i f f e r e n t  numbers of  
c y c l e s  z n d  f o r  d i f z s r e n t  r a n g e ;  of  s t r e s s  were i n c l u d e d  
i n  ’ c ~ b l e s  5 and  6 o f  t h e  S t r u c t i i r a l  R1.u.minum Eandbook 
( 1 3 3 8  aiid 1940 e a ) .  P a r t s  o f  t h e  t a b l c s  2 r e  i n c o m p l e t e  
b e c a u s e  a l l  of t h e  ;iecessai-;T f a t i g u e  t e s t s  had n o t  been  
f i i l t s h e d  a t  t h e  t i m e  t h e  Iirzndboolc vas p c b l i s h e d .  From 
a d c l i t i o n c l  d a t a  o b t a i n e d  s i n c e  t h c t  t l m e ,  the t n b l e s  
hove  beeil r e c e n t l y  r e v i s e d .  ?!he r e - r i s i c n s  i n c l u d e  s m a l l  
c h l n g e s  i n  a few o f  t h e  va lues ; ,  a c l d i t i o n a l  d a t a  f o r  some 
of  t h e  c l l l c y s ,  a n d  values f o r  t w o  z l l o g s  f o r  which d a t a  
t r e r c  n o t  r . v a i l n b l e  irhen t h e  EiaiIdbook W G S  p u b l i s h e d .  

The r e v i s e d  d a t c ,  which are summarized i n  tables I 
t o  V, i n c l u d e  t h e  T a l i g u e  s t r e n ~ t h s  of 14S-T, 1’7s-T, 2 4 S - Y ,  
528-3/49, ar_d 58s-11, Each t a b l e  includes values f rom Po- 
t a t i n g - b e z m  t s s t s  aiid f r o m  d i r e c t - s t r e s s  t e s t s .  T h e  r o -  
t a t i n g - b e a m  t e s t s  w z r e  tnade i n  t h c  3. R. Xoore t y p e  o f  
machine  d e s c r i ’ o e d  i n  rcfe-:er.cs 1 i n  wh ich  t h e  s;?ocimon i s  



p a r t  of a s i m p l e  beam. I n  t h e s e  t e s t s  on1:- t h e  e x t r e m e  
f i b e r s  a r e  s u 3 J e c t  d t c  t h e  marimv.m s t r e s s e s ,  aria t h c  
t e s t s  ca?i bs ra,-lde & i n g  O i L l y  cornplet&l& r e v e r s e d  stresses. 
Tho machines  u s e d  i n  m a K i n g  t h e  d i r e c t - z l r e s s  t e s t s  liavo 
p r a v i o u s l y  been d e s c r i b e ? + .  ( S e e  r e z e r e n c e  2 . )  The e n t i r e  
c r o s s  sec2; ioLl  a t  t h e  minimum d i e m e t e r  02 t h e  specimeris  i s  
unifor91:-  s u b j e c t e d  t o  t h o  apP! ied! f a t i g n e  s t r e s s e s .  The 
r a n g e  of  s t r e s s  uqed r a y  be s i l t i r e l z  i n  t e n s i o n ,  e n t i r e l y  
i n  c o m p r e s s i o n ,  G Y  i n  b o t h  t e n s i o n  and  c o m p r e s s i o n .  The 
d i f f e r e n c e  i :2  r t r e s s  d i s t r i b u t i o n  i s  b e l i e v e d  t o  b e  a t  
l e a s t  p a r t l p  rssponsible f o r  t h e  f a c t  t l ia t ,  fo;: c o m p a r a b l e  
t e s t s  w i t h  c o n p l z t e l ; r  r e v e r s e ;  s t r e s s ,  t h f ;  d i i - c c t - s t r e s s  
r e s c l t s  o b t a i ~ i e i i  t o  L a t e  e r e  a l w a y s  sonewhat  l o w e r  t h a n  
t h o s e  o b t a i n e d  i n  t h ~  r o t a t i a 5 - b e a n  t e s t .  

The d i r e c t - s t r e s s  t e s t s  o f  e a c h  a l l o y  were  made on 
a s j n ~ l e  l o t  OS m a t e r i a l  w h i c h ,  a t  t h e  t i n e  i t  was f a b r i -  
c a t e d ,  was c o x s i d e . * e d  r e p r e s e u t a t i v s  of t h e  a l l o y .  i3eca’ase 
o f  improveinants i n  f z b r i c c t i o n  p r i r , ” , c e s ,  h o w e v e r ,  fux t ! Ie r  
r e v i s i o r ?  o f  s o n e  o f  t h e  da t a  i-lclu;i t)d iil t h i s  n e n o r a n d u n  
aay havz  t o  be  made w h e l i  a 3 C i t i o n a l .  t e s t s  a r e  c o n p l e t e d .  
Such  t e s t s  a r e  i i l  progrc;s b u t ,  bt:cz’l.se R s e r i e s  o f  t e s t s  
o f  mi alloy r e q u i r e s  EL s o n s i d ~ r c b l a  l s > < t ? -  of t i r r , c ,  t h e  
r e s u l t s  . r i l l  n o t  b e  nvai1n:)le ir ,  t h 3  c c a r  f u t u r e .  The re -  
fore, t!iis memorandun, w1t.1cli c a n n o t  h e  c o n s i d o r s d  f i n a l ,  
w i l l  be r c v i s e 5  f r o n  t i m e  t o  t i m e .  
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