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SECTION I. 

This  i n v e s t i g a t i o n  w&s undertaken t o  f i n d  o u t  how va r ious  s h o t  hardness  
. w i l l  a f f e c t  t h o  endurance l i f e .  A s  a ma t t e r  of i n t e r e s t ,  a t t empt s  were made t o  
detsl'mine t h e  p o s s i b i l i t y  of overpeening sp r ings  even us ing  s h o t  known t o  be l a r g o  
f o r  t h e  wiro s i z e  i n  t he  spring. 

On . a l l  t e s t s  almen s t r i p s  were ipcluded with t h e  springs.  If c o r r e l a t i o n  
of t h e  Almcn a r c  he igh t  and spr ing  l i f e  wsre poss ib l e ,  t h e  t e s t s  run would e s t a b l i s h  
t h i s  f a c t .  

----. - . S i x  d i f f s r e n t  l o t s  of s h o t  wsre used.  These included one l o t  of P-46, one 
of P-28, and four  of P-16. Of t h e  P-16, one we-s s t e e l ,  two were h e a t  t r e a t e d  whi te  
c a s t  i r o n ,  and one was w h i t s  c a s t  i r o n  os.were t h e  P-46 and P-28. P h y s i c a l a n d  . 

c h h i c a l  t e s t s  were run on d l  of t h e s e  types  of shot ,  . . . .  
- - 
8 .  'The use of X-rays t o  determine %he dopth and magnitude or" i n t e r n a l . s t r e s s e s  

'%-tiS'trisd; ' ' - - . .  . . - a * .  . . . . .  
.. ..*..- ... 

. 'The . sp r ings  were a l l  from one c o i l  of o i l  tempered va lve  sp r ing  .wire. . .Tha 
sp r ings  were co i l ed ,  heated, ground and procassed a t  t h e  same t ime so  as t o  i n su re  
a  c o n s i s t e n t l y  unif  o rn  t e s t  specimen. 



I t  w i l l  be noted t h a t  i n  one'place we could only es tab l i sh  an endurance 
l i m i t  of l e s s  than a given f igure  while i n  another place we have given it a s  over a 
figure. I n  these instances we had insuf f ic ien t  springs t o  complete our t e s t s .  .. . 

The f i r s t  thing t o  notice i n  $he above tab le  i s  t h a t  i n  every case the  
shot peening treatment has inci-eased t h e  endukance l i m i t  of the  springs. For t he  
lowest f i gu re s  given we have increased the safe s t r e s s  range 19.3%. For the  highest  
endurance l i m i t  the increase i n  safe  s t r e s s  range- i s  5 6 . 5 .  . 

I t  i s  a t  once apparent t h a t  the  p-4-6 shot i s  too coarse f o r  'these springs. 
While it has increased the endurance l i m i t  over thk springs which have not been shot 
peened, the values in  the  t a b l e  a r e  i n  almost every case lower than f o r  any of t he  
other shot. There would appear t o  be a tendency t o  over shot peen wi th  t h i s  shot 
f o r  long times of peening but the  differences a r e  hardly more -than the  experimental 
e r ro r  in..our test ing.  

. I n  tha case of t h e  P-28 shot we have a value f o r  our 15  min. run which 
appears low. Actually, fo r  some reason we hhve not been able  t o  determine, t h i s  
was caused by the  springs s e t t i ng  more than usual during t h e  t e s t s .  The s t r e s s  
range i s  comparable t o  the  other rims wi th  t he  exception of t he  springs peened f o r  
two hours. The f a c t  t h a t  t h i s  t e s t '  i s  somewhat lower does not  necessar i ly  indicate  
much, because we have a + 3000 psi-  possible mschine and setup e r ror .  However, it 
might be well sa id  t h a t  The springs a r e  shot peened t o  the  p r ac t i c a l  l i m i t .  

m l e  our data  dn the  various l o t s  of P-16 shot a r e  incomplete, it does 
appear t h a t  we a r e  obtaining enduranoe l i m i t s  with it that a r e  s t r i c t l y  comparable 
t o  P-28 shot. It would a l s o  indicate  that there  i s  p rac t i c a l l y  no difference a s  
f a r  a s  the endurance l imi t s  obtained a r e  concerned whether, within t he  l im i t s  of 
t he  hardnesses used, we use hard or s o f t  shot. 

. . If we r e f e r  t o  the  a r c  heights, which we .obtained during tho various shot 
peening operations, and ccmpare then with the enaurance l i m i t s  determined f o r  t h e  
springs which were peened wi th  the  Almen s t r i p s ,  it i s  read i ly  apparent t h a t  i n  an 
invest igat ion of t h i s  type there  i s  'absolutely no cor re la t ion  between a r c  height 
and endurance l i m i t .  For example, we found almost exact ly  the same endurance l i m i t  
f o r  springs shot peened 15 minutes wi th  P-16 shot, Lot 103, and with  P-28 shot f o r  
30 minutes. The a r c  height with the f i r s t  l o t  of springs was 7 and t h a t  with the 
l a t t e r  24.2. It would therefore  seem t h a t  a r c  height of i t s e l f  does not  mean much 
unless the  shot used i s  s p ~ c i f i e d  as t o  s ize  and hardness. Even thon it would appear 
t o  be desi rable  t o  s t i l l  s e t  up a minimum a rc  haight by running f a t i gus  t e s t s  and 
attempting t o  secure some kind of corre la t ion between a r c  haight and endurance 
l i m i t  f o r  t he  par t i cu la r  shot i n  question. 

From our data  the re  does not appear t o  be any tendency t o  over shot peen 
using t he  P-16 shot. 

The depth of cold working with d i f f e r en t  s i z e  shot has not  been completely 
worked out. If the  l a rger  shot does go despar, then standards of shot  s i z e  f o r  
various wire s izes  should be considerad. ALSO peening hot wound springs -with some 
f e r r i t e  the  heavier shot might then be an advantage. I t  i s  hoped t ha t  t h i s  data  
by X-ray (or other method) can be soon made avai lable  t o  a l l  in te res t?d  par t ies .  

We know t h a t  the  sof ter  shot gives us lower maintenance of our equipmsnt. 
Our t e s t s  here i n  1939 - 1940, and reported t o  A.S.N. i n  1941, showed equal fa t igue  
l i f e .  These t e s t s  confirm the previous runs i n  that s o f t  shot from an endurance 
point of view w i l l  produce r e s u l t s  comparable with the  hard shot. It i s  evident 
tha t  an economy can be achieved using s t ee l  o r  a heat  t r ea ted  c a s t  i ron  shot. 



The breakdown or s h ~ t  l i f e  .tests were run by -I&.. John C. Straub  of The 
American Wheelabrator & Equipment Corporation. He t e s t e d  $he P-16 .shot  i n  two . . 
d i f f e r e n t  ways, one was a t  cons t an t  wheel speed and ' the  ,.other a t  donst+ a r c  
he igh t  on an hlmen s t r i p .  . ' t  - 

His r e s u l t s  a r e  given i n  the 'Xollawing t a b l e  ,as. are t h e  r e s u l t s  of two - . - .  
wheel speeds on t h e  P-28 and P-46: ..- . - - . .  , 

- . , P-16 Shot .. , . . .  , . . . 

. . 
P-'28 and P -46 Shot . . 

. . I  - . - -  . .  

Size  

Tes t ing  t h e  s h o t  a t  th"' same wheel speed s h m s  t&t t h e  a r c  h e i g h t  of 
each  l o t  f o r  the-P-16 s h o t  bears  a d i r e c t  r e l a t i o n s h i p  t o  t h e  hardness o f - the  shot .  
The sho t  l i f e  f o r  t h e  c a s t  i r o n  s h o t  i s  i n v e r s e l y  p ropor t iona l  t o  t h e  s h o t  hardness. 
The s t e e l  s h o t  has a  much longer  l i f e '  t h a n  t h e  i r o n  shot ,  Since we only  had one 
hardness  t o  t e s t ,  we have no d a t a  upon t h e  r e l a t i o n s h i p  between shot. l i f e  and hard- 
n e s s  t o  t e s t ,  we have no d a t a  upon t h e  r e l a t i o n s h i p  betwoen s h o t  l i f e  and hardness  
f o r  s t e e l  shot.  Another i n t e r e s t i n g  t h i n g  i s  t h a t  f o r  t he  same wheel speed, 9800 
r.p.m., t h e r e  i s  not  a g r e a t  dea l  of d i f f e r ence  i n  shot  l i f e  f o r  any of t h e  hard 
wh i t e  i r o n  s h o t s  r e g a r d l e s s  of s h o t  s i z e  (see P-16, P-46 and Lot 101). There was 
n s l i g h t  tendency f o r  shot  l i f e  t o  decrease as s h o t  s i z e  increased,  but it was n o t  
very  pronounced. 

m e n  t h e  wheel speed m s  v a r i e d  t o  o b t a i n  a c o n s t a n t  a r c  h2 igh t  of .007 
A-2, it would appear t h e r e  i s  an optimum hardness  f o r  sho t  l i f e .  Lot 102 showed 
the  longes t  l i f e  a l though it was n o t  t h e  s o f t e s t  shot. This a p p l i e s ,  of oou..ser 
G O  t h e ' i r o n  shot.  The s t e e l  shot  had much t h e  longes t  l i f e ,  b u t  t h e  d i f f e r e n c e  
was .not  a s  pronounced a s  a t  cons tan t  wheel speed. Another t h ing ,  which might be 
expected, was t h a t  o t  ob ta in  a  cons tan t  a r c  he igh t  w i t h  t h e  var ious  l o t s  of P-16 
s h o t  t h e  wheel speed had t o  be increased  a s  t h e  hardness of shot  decreased. 
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minutes. A load of scrap springs was then placed i n  t he  machine and it 
was run an add i t iona l  two hours with t h i s  load. Thec two more Almen 
s t r i p s  were placed i n  the machine and shot peened f o r  two minutes without 
running t h e  belt .  The' amturnt. of- dus t  c-dfected-during the  ' gn t i r e  run was 
then weighed t o  o b t a i n m  indicat ion of how much the  shot.had broken up 
i n  the  four-hour run. 

~ECTIQN v 

A l l  Almen s t r i p s  were Roclcpielled before using. An average o f . t he  various 
Almen A2 readings f o r  t h e  d i f f e r en t  "times f o r  each l o t  of shot  a r e  given i n  t he  
following t a b l e  : 

Time 

no load 
be1 t s ta t ionary  

5 nin. 
with springs 

15 min* 
w i t n  springs 

30 min. - 
with springs 

. 120 min. 
with springs 

2 min. 
no load 
b e l t  s t a t ionary  

, a f t e r  4 hrs. of running 

P-16 P-16 
Lot 100 . Lot 101 

P-16 P-16 
Lot 102 Lot 103 

. . It  w i l l  be noticed that t h e  a r c  height  i n  each case reaches a f a i r l y  high 
value f o r  the  shot i n  question and then continues t o  r i s e  very slowly with time. 

.There is one exception t o  t h i s  on the 15  min. run 0f.P-16 Lot 100 shot. In t h i s  
case t he  s t r i p s  f o r  the  5 min. run were 45;s ~ockwel l ' and  f o r  t he  15  min. run 48. 
The? lower the Rockwell hardness t he  higher i s  the Almen reading so t h i s  may p a r t i a l l y  
explain t h i s  discrepancy. These t e s t s  show very conclusively t h a t  t h e  Almen reading 
goes up a s  the shot  s i z e  increases.  I t  a l s o  shows t h a t  i'or t h e  same s ize  shot the 
Almen reading goes up somewhat a s  t h o  shot  hardness increases. I n  t h i s  case the  
di f farence appears t o  be  somewhat nore pronounced fo r  t h e  shor ter  peening times 
although it holds t r ue  i n  every instance i n  our t e s t s .  

The difference i n  the  klnen readings taken.beTore s t a r t i n g  the  shot  peen- 
-- - i i g  of springs and a f t e r  the--finish of t he  peening t e s t s ,  i.e., the  2 min, runs, 

must be a t t r i bu t ed  t o  b reakdoh  of the  shot.. For t he  hard 'shot  the re  i s  a g rea t  
difference i n  t he  readings..  For the-two sof te r  l o t s  of shot t he r e  is none. I n  f a c t  
the  l a s t  runs a r e  a l i t t l e  higher than t he  f i r s t  ones although we believe t h i s  can 
only be due t o  experimental er ror .  .. > .  




