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I I C V  .OIOS (Conth..  - r+-w w d .  $1 nr . . . r *  d l b n l l l r .  W blorb nuk) 

Shot-Peening 
.stk?ufactur?ng Methods 
Helical Sprlnga 
Increased Life 
hdurance Testa 

T I K I  (C- - rrm .(L d l  rcrrrr I f W l h  k Ur. A) "4 ariotm shot-peening procedures for the ~ ~ ~ ~ u f a c t u r e  of cold-vound helical 
canpleasim springs n r e  invest igatd to  establish optimuu shot-peening methods 
to  incnsre the l i f e  endurance propertie8 of springs. M u c t i o n  springs 
that a n  typical of a m d l  arme applications wm tabrlcated fram wit virr 
and stainless s t ee l  & r i d .  The springs vere given different shot-peening 
treatments vlth the exception of control groupr that verc not shot-pened. C- \ 
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I n  a s h o r t  t h e ,  pmcti:dJ.y a l l  sprinr: nanufnct;lrers were convinced 
t::.lt shot-peeniny, could g e a t l y  increase  t h e  e n d m c e  propert7.?s o f  spr ines .  
n.+-. p m c t i , ~  of shot--per~.y:  then spread frcin the  sprin;: industry to other  
i ndus t r i e s  i n  which f n t i c x  l i fe  of  highly s t r e s sed  par t s  is an importaiit 
~ o n s : d c m t i o n .  C;mc acad-dc e m u p  were more dubious a t  f i r s t ,  but 
e v e ~ t u d l l j r  they recq-nized the b e n e f i c i d  e f f e c t s  Of t h i s  prac t ice ;  thus,  
today,  shot -peeniw is discussed i n  many textbooks on s t ~ r @ h  of ma te r i a l s .  

3 .  9enefi:inl Zffec ts  cf Shot-Peenix  

.?hot -peeniw h p m v e s  t h e  fatigue durnb i l i t y  of metal pn r t s  by the 
n l t e r i r y  ot' the  su r f acz  4 e m  i n  t ~ o  d i f f e ~ n t  v. First, t h e  surface of 
t h e  part is cold-worked by the peltin(: of' the shot  pa r t i c l e s  and thus  its 

' 5 .  0. N_men:, '3ffect  of Residual S t resses  on Rollin(: Bodies, S.A.2.  
Prcpr in t  46'(A, Jan.  8, lc,?62. 



pnyr,ic;il properties 8-w: improved. The secend result is zo= important, 
but not sc, ?bviow. i t  consists  ~f ?restressing the  rW.'aee layerr; and 
Inducing n residual cmplessive stress witnin tne r a t e r i a l .  This 
rexidunl b~tnzss w i l l  r e s i s t  a subsequrntu app13eO t ens i l e  s t m s s  snd must 
be counteracted before the  material car. be s t r e s ~ ~  in tension; t&c~, 
the  load-carrying capacity of the  material is lacreased. 

2 .  Cont rolliw Shot -Peenin& 

The Ahen  s t r i p  is the basic control t o c l  in  shot-peening. I t  
measures the  e f f e c t  of peening by the cuvature pxduced on a standarized 
s t r i p  of spring s t e e l  which is @em1 on one s ide  only. I I o l d i ~  f i x t u n  
ad m e  used f o r  ~ e a s u r i n g  tne curva tqm are  nZsr standanzed. This is a 
very  prac t i ca l  method, develcrped over $3 years ago by J. 0. Almen of the 
fiesearch Laboratories Divlsion of General Motors Corporation. T;lree 
s t a . x d  h e n  s t r i p s  a r e  available that are designated ? I ,  A, and S vi tn  
tne fol lwin) :  respective thicknesses: . O 3 l ,  .351, and .@38 inch. 
However, a l l  the s t r i p s  have the same rectangular shape of 3 .000  inches by 
-750 ipcns. kq in tens i ty  given as .r>08A means t h a t  as a result of shot-  
peeniw, the  a r c  height (curvature) on an A s t r i p  will neesure .& inch. 
An important consideration in  shot-peening is "saturntion". A surface of 
an  Almen s t r i p  is ccrnsidered saturated a t  a given in tensi ty  *en addit-  
ion& peening produces no fu r the r  appreciable curvatu.?.?. 

D. Propcr Shot-Peening f o r  Springs 

Shot-peening p r o c e d m s  t h a t  would be most effect ive  i n  prolonging 
spring l i f e  have not been established. GenemUy, specifications of a 
shot-peening process f o r  a par t icular  spring design depend minly on t h e  
discre t ion of the project  engineer and vithout assurance tha t  it will be 
the  optimum process. The aim of t h i s  report is t o  detelmine optlmlrm 
shot-peening manufacturing specifications f o r  h e l i c a l  campression springs 
of the  type t h a t  ale used i n  A m y  weapons. RnFhasis v i l l  be placed on shot- 
peening of nusiz w i r e  springs s ince  spproximately 95 per cent of all small 
a m  springs are fabricated f ran th i s  a a t e l i a l .  

A. ?bterial and Test b e d m s  

The h e l i c a l  conpression springs tha t  w e r e  used i n  this prcgrsm were 
fabricated f r a n  the  following spring tempermi materials and given the 
specif ied  s t ress-re l ieving t m t m e n t a .  

1. Music W i r e ,  QQ-W-470 
W i r e  diameters, .035 and .080 inch 
Stress-Relieve-Heat a t  450%' 2 lo0 f o r  30 minutes 



21.t .;o. .?hot f;:ze ( Inc!! ) I s t e n s i t y  (A rc  H e i r h t )  

Springs i ~ i l e d  fI'rzn .080 Inch Wire ----- 
Set :lo. Shot Size ( ~ n c h )  Intensity (Arc Height) 

A l l  shot-peening vas perforned w i t h  cas t - s t ee l  snot of harcfness R: 45-50 
aqd in  accordance with MILS-1316513. 

A requirement of all wire material used i n  t h i s  progracl vas tha t  i t  had 
t o  be f ree  fran surface i r regular i t ies .  Thexefme, prior  t o  coiling, the 
material  was exmined thoroughly for  surface defects  with the use of a 
microscope. No cracks o r  surface defects were observed and the  material  was 
a c c 4  5ed for coil ing.  After shot-peening, a l l  springs .re preset  by the 
compression to so l id  height t h m e  times. Measurements =re taken and 
recorded of the f m e  heicht,  load a t  assembled height,  and laxi at mini?lrm 
operating height of all spr iws .  



&-sl.y 2 of eusic:  w i r e  mater ia l  was the second vruup uf spr ings  t h a t  
m s  r:nc?~lra?ce t es ted .  The i n i t i a l  t e s t  p r o c e r i u ~ s  f o r  t h i s  group were 
=vised t o  i n t ens i fy  t he  stress ~condit lons t o  induce spri.y: breakqye. 
2 i e  spxtn;-:s were cv:led ketween t h e  he ich ts  of 2.430 i n ~ i i e s  (20,001; p s i )  
an6 -212 inches (155,Wo p s i ) ,  a?d a t  a r a t e  of  1230 cycles  pe r  mi lu te .  
EST res-dts f o r  t h i s  group are t h m  i n  Table 2 i n  the Appendix. 

' ~ f s t  ~ s d t s  f o r  Desicns 3 and b of nusic  w i r e  n a t e r i a l  are  shown i n  
Tables  3 and 4, respect ively.  Zndunnce t e s t i n g  f o r  these  two groups was 
conducted betweeq t h e  s t r e s s  l e v e l s  of 29,900 p s i  and lj5,X10 p s i ,  and 
with a cyc l i c  r a t e  of  12W compressions per minute. Note t h a t  many spr ings  
of' Desi,yn ' 6  sus ta ined  l , ~ X X ) , W  cyc les  without b r e w e .  If a sp r ing  
sus ta ined  l , rMO,WO cyc les ,  it was ccnsidcred t o  have inde f in i t e  l i f e  and 
the  endurance t e s t i n g  was concluded. However, t o  measure t he  r e l a t i v e  
: enef;ciaL e f f e c t  of  t h e  different shot-peeniw procedures, t h e  avemge 
l i t e  of spr ings  i n  P:slbr, ' 1  was cmputed  by considerat ion of 1,030,000 
cyc l e s  a s  t h e  l i f e  of an unbroken spring.  

I n  the  endurance t e s t i . ~  of the s t a i n l e s s  steel s p r i ~ s ,  liesign 1 
was cycled between the  stress l e v e l s  ot' ' ( 5 , W  ps i  end 153,300 p s i ,  and a t  
a r a t e  of 12'20 cycles  p e r  minute. Designs 3 and 4 were cycled between t h e  



' h e  shot-peeniw t r ca tncn t s  tha t  wem ciost effective i n  increasing 
the  l i f e  cf  the nusic wire spr ines  a r e  shorn in  nunerical o rde r  i n  Table 8. 
I t  a l s o  presents  data oil which t o  base n cmprehensive type statement as t o  
an d p t i m m  shot-peening p r o c e d u ~ .  The average l i f e  of each set of music 
r i ~  sp r i . q s  is l i s t e d  i n  Tnble 8 under its appropriate design group. 
. . :luvevnr, t h e  a v e w e  l i f e  f o r  Se t  1 of iksign 1 is not included s ince  all 
t he  s p r i x s  i n  t.his s e t  had broken p rev iod ly  under modelate stress 
ccndit ions.  Also, t h e  shot-peening procedure t h a t  was applied is indicated 
don,: the s i d e  of ezch set. A s imi lar  sumary of the  average l i f e  results 
dbtnined i n  the endurance t e s t i n g  of the s ta in less  s t e e l  spr ings  is s h m  
i n  Table 1. 

fe exaxination of the  l i f e  values @yen f o r  s p r i ~  Designa 1 end 2 i n  
Table 3 shows t h a t  the most e f f ec t ive  shot--peening treatment f o r  music 
vi re of -335 inch is the  one applied t o  Se t  2, i . e . ,  a shot  s i z e  of 
:3d7 inch and an in t ens i ty  of .CXhN-.OC&i. Xcte tha t  t he  next most bene- 
f i c i a l  treatment ( s e t  5 )  had t h e  same intens: t y  of . C & N - . m N ,  but. a 
l a r g e r  shot  pa r t i c l e .  An inspect ion of t he  t e s t  data f o r  Designs 3 and 4 
i nd ica t e s  that t h e  optimum shot-peening procedure f o r  music w i r e  of .080 
inch cons i s t s  of  a shot  s i z e  o f  .On inch and an in t ens i ty  o f  .006A-.CC&l. 
;gain,  note t h a t  the shot-peening process of the same i n t e n s i t y  ( s e t  6)  is 
the  next most bene f i c i a l  one f o r  Design 4 and practic8U.y sc f s r  Design 3. 

I n  a canparison of the  designs of the  same w i r e  diameter, g rea t e r  l i f e  
bene f i t s  were obtained from shot-peening Kith Design 2 than wi th  Design 1, 
and with Design 4 than with Design 3. This can be a t t r i b u t e d  t o  the spr ing  
index and t h e  c o i l  p i t c h  which were much larger f o r  &signs 2 and 4; t h u ,  
b e t t e r  coverage vas 2oss ib le  i n  shot-peening the  inside diameter  of t h e  
spr.',n.y. Also, w i t h  regalds t o  surface access ib i l i ty ,  note t h a t  t h e  most 
e f f e c t i v e  shot-peening procedure f o r  each design involved t h e  smaller  shot 
s i z e  _part icles  which offered morc open passage between the c o i l s ;  thus, 
b e t t e r  coverage of t he  in s ide  diameter was attained. Accolding t o  Henry 0. 
Fuchs and Paul E. ~ i c k e l , ~  a general  guide is t h a t  the  shot s i z e  should be 
no l a r g e r  than of t h e  Bmallest openinp; through which the  sho t  must pass. 

*~enry- 0. Fuchs and Paul 2. Bickel, "Shot-Peening of  Springs," A r t i c l e  i n  
Springs i w a z i n e ,  b k j  1963 
e 



!(evicw ot' the s toi : i less  s t e e l  sprinq t e s t  da ta  sizuwn in  Table !! does 
not  ind ica tc  any reasonable n l i p m e n t  a s  was the case with the  m s i c ,  wire? 
results. A puzzling d i s c r e w m y  occurs between Designs 3 and 4, i n  which 
t h e  shot-peening process of  .all inch shot  a?d .I)(>2A-.OO4A i n t e n s i t y  
ranks highest  f o r  Design j and -)oorest !'or k s i g  4. Iiowever, sho t -  
p e e n i . ~  does hove a not iceable  e f f e c t  on the  l i f e  of  s t a i n l e s s  s t e e l  
sp r ings  a s  is shown i n  Table 0. A ninimm of a threefo ld  increase  i n  
spring l i f e  i s  gained even with t he  l e a s t  e f f ec t ive  shot-peening t r e a k e n t .  

Reasonable inferences t.ht can be drawn fm the t e s t  dota as t o  
optinurn sho t -peen iq  prozedures f o r  s t a h l e s s  s t e e l  sprir-4s a r e  g iven  below: 

For .035 inch w i r e  - .OD7 shot ,  .OlrlEl-. S i2 I  i n t e n s i t y  
For . G O  iach wire - . 0 U  shot ,  .31%-.312A i n t e n s i t y  

Zf'fective shot-peen coverrq;e of t he  inslde d i ane t e r  o f  k x l i c a l  
;:axpression spr ings  can be a t t a i n e d  by use of t he  s r a U e s t  s i z e  shot  
p a r t i c l e  t!:nt io p m c t i c a l .  

'The f ollowirq shot  -peening p m c d u r e s  are recornended : 

For I.1usic Wire Material --- 
1. t i i re  s i z e  approximately .J35 inch 

S t r e s s  ran,c,r:e of  20,000 p s i  t o  155,OW p s i  
Shot s i z e  of .%I7 inch 
I n t e n s i t y  - .mII - .0&11 

2. Wire s i z e  nnproximte ly  .&0 inch 
S t r e s s  mnge of  2 0 , O  ps i  t o  135,000 p s i  
Shot s i z e  of . O n  inch 
I n t e n s i t y  - .OO& - .008A 

For  S t a i n l e s s  S t e e l  Mater ia l  - 
1. Wire s i z e  approximately .035 inch 

S t w s s  ranee of 75,000 p s i  t o  150,030 p s i  
Shot s i z e  of .0U[ inch 
I n t e n s i t y  - .010N - .012lI 

2. Wire s i z e  approximately . a 0  inch 
stress range of  20,000 p s i  t o  138,003 p s i  
s h o t  s i z e  of  . 0 U  inch 
I n t e n s i t y  - . O l Q A  - .012A 



% j i ~  5 ,  &sign ilo. 1, Stainless S tee l  Spr ings  

T n b l e  6, &sign ?lo. j, S t a i d c s s  S t ee l  Springs 

iaS1e ' i ,  3esfcn Xo. 4, S t a in l e s s  S t ee l  Spr'lngs 

%'ole 3, A;rcx-n&e L i f e  of Spring Set.s 
(Xusic Wire S n r i ~ s )  

' Ihj le I ,  Average L i f e  ol' Spring Sets  
( S t a i n l e s s  S tee l  Springs ) 



WIR2 S I Z E  (IN.  ) ............................................ .035 

0 ~ ~ 1 3 2  DW.E.T~ (IN. ) ..................................... .245 2 .005 

WTN, <OILS ................................................ 30 

TYPE Gr' EGIS .............................................. Closed and Ground 

F X Z  HXICHT, APTROX. ( XI. ) ................................. 2.64 (2.93) 

:~l?~?i ASS34BLED FEIGK? ( 111. ) ................................ 1.966 (2.102) 

L W  AT :.1;WN ASSDIBLES) IGIGHT ( LB ) ......................... 6.0 + .. 6 - 
:4I??X4Ub1 OPWTIIiG WIGFIT (111. j ............................. 1.243 (1.270) 

LW AT I.;IIIC.IU~I GERATIXC I E I C ~  (LB) ...................... 12. 0 + 1.2 

LOAD - DFZLECTION RATE (LB/IN. ) ........................... 8.3 (7.2) 

I4A.YTI.XR4 SOLID HZIG!rlT (IN.) ................................. 1.100 

SPRING H-&IX ............................................... L. H. 



SF'RINC SPECIFICATIONS 
DESIGN NO. 2 

WIRE f IZE ( IN. ) ........................................... 
OVI'SIDE DIAMETEIi ( IN. ) .................................... 

............................................... m cons  

.............................................. TYW OF ENDS 

................................ F R 3  HEICRT, APPROX. ( I N . )  

............................... !-LEAN ASS34BLED HEIGHT (IN. 

L O  AT MEAN ASSP[BLED 1EICHT (LB) ........................ 
- MI.?lR4IEf OPERATING HEIGfRl ( I N . )  ............................ 

..................... LaAD AT MIND4lBi OF&TING HEIGIIT (U3) 

. LOAD DEFLECTION RATE (U/IN.) ........................... 
14AXIl-IU4 SOLID HEICZT (IN. ) ................................ 
SPRING HELIX .............................................. 

Closed and Cmund 

2.73 (2.97) 

1.805 (1.901) 

4.0 + .4 - 
-876 (.832) 

8.0 - + .8 

4.3 (3.7) 

.680 

L. 8. 



. FPS3 EIGHT. APPROX ( 1r.I. ) ................................ 

................................ ~~UI:.IUI.! SOLID .U ICHT (IiI.) 



SPRIG PPECIRQlTIOS 
DESIGN NO. 4 

........................................... W I R E  SIZE (IN. ) 

.................................... OUISIDE ( I N ,  ) 

lWllAL COILS ...............................*..............=. 
TYPE OF 3 U E  .............................................. 

................................ FRZZ S I G H T ,  A m .  (W.) 

............................... lILFk,Y Ass- HEIGMl (IN. ) 

........................ LW AT :am A S S ~ L E D  ~ G K P  (LB) 

............................ MI- OPERATING mcm (IN. ) 

..................... LaAD AT b m  OPERATllPC ffEIm (m) 

........................... - D ~ O N  R A ~  (LB/IN. ) 

MAXMlM ,SOLID HEICIFT (IN.) ................................ 
SPRING HELIX .............................................. 





TABLE 1, TEST RESULTS 
DZSICH 1, MWIC =RE SPRIIKS 

W i =  size = -035 In. Spriag iodu = 6.  o 

Nwber of Cycles at Spring B-e 

Average Nmber of Qciee: 

54, 3'1, % 39,060 49,m 40,920 

NOTE: Above listed springs were previously cycled 500,000 times, each under 
moderate stmss c o a d i t i o ~ .  



M i m  size = .035 In. S p r i . ~  index - 3.0 

Nunber of u5.cles at Spring Breamge 



W i r e  size = .080 In. Spring index = 6.0 

Number of Cycles at Spring Breakage 

Average limber of Cycles: 

148,250 167,dto 343,020 172,240 223,540 251,040 256,100 



Wire s ize  = .080 In. Spriw index = 0.0 

Number of Cycles at Spring Breakage 

+Endurance-testing was texminated upaa caple t ion  of 1,000,000 cycles 



Y i r r ?  size = .a35 In. spring index = 6.0 

Mrmber of Cycles at Spring Brealcage 

+These spriags nh wed to establish ttst conditic*zri for the operating st-s 
level8 a& cyclic frcqr~tncy. 



Wi= s ize  = .a In. spring inaex = 6.0 

Umber of Cycles a t  Spring Breakage 



a W i r e  size .&3 In. Spring index = 0.0 

3mber of Qcles at Spring Bnziksge 

Averwe :Iuuber of Cycles: 

40,UO 126,753 175,370 22CJ,973 33lj65o 197,790 223,310 



Set  lio. 

2 

S e t  Xo. 

TABLS 8, A T E G E  L I E  OF SPRING SLTS 

Liusic W i n .  Springs 

- .  
D S I G N  NO. 1 

Avemge Life  ( C . ~ l e s )  Shot Size ( 1n. 1 Intensi ty  

54, C4O . (337 .&N-. 006~ 

49,090 . O S i  . GQ~N- .  &N 

15,320 . C U  .016~-. 318~  

40,920 .OIL .010N-.012N 

3?,%0 *W .0161?-. 0 1 8 ~  

37,500 .007 .OlOPI- . om 

DESIGN NO. 2 

Avcrixe Life  ( ~ y c l e s )  Shot Size (1n. ) Intensi ty  

103,640 .W .CCJ+N-.CC~N 

'18,500 . OXL . G O ~ N - .  oc6rr 

73,780 - 007 .016~-. 018N 

a , 6 0 0  . o u  .016~-. 0 1 8 ~  

3 , 2 2 0  . OIL . o1om-. om 

67,300 .007 .010N-. o m  

63,540 N o t  Shut -Peened 



Set KO. -- 

Set  No. 

Avemge Li!'e ( Q c l e s  ) Shot Size (In. ) Intensib-  

343,020 . L'XL . c C 6 4 - . ~  

256,100 .017 .O10A-. 012A 

DESIGN NO. 4 

.017 . ~ - . ~  
017 -S2A-.004A 

. OIJ. -GlQA-.Ol2F- 

. O U  .002A-.W 

Not. Shot -Peened 

e = e  L i f e  (Cycles 1 Shot Size (In.  ) Intenssty 

1 J ~ J ~  . OIJ. . ~ - . o o 8 c \  

368,590 .017 .006A-.oo8A 

954, ln0 -02 OlU - ,0124 
865, ~20 .017 .010A-.Ol2A 

7ROj32O . Oll .CQ2A- .W 

755,5& .017 .0024-. C0k.A 

101,460 Not Shot-Peenea 



TAEIz 9 ,  A V r n C E  L I E  OF SPRING SEX5 

Set ITo. 

3 

7 

4 

2 

6 

Cet Ho. 

2 

4 

Stainless Steel S p a s  

DESIGN NO. 1 

A v e w e  L i f e  (Cycles) Shot Size (~n.) Intensity 

403,070 007 .OXON- .012N 

384,000 . O U  -016~-. 018N 

298,820 *W -016~-. 018~ 

271,600 .007 .Cd+N-. W f 3 ~  

259,280 . Oll .OlON-.012N 

1f3~550 . Oll .c@+N-.cc~N 

54,720 Nat Shot -Pe~neti 

DESIGN NO. 1 

Average Life (Cycles) Shot Size (1n. ) &tensity 

478,750 . O U  .002A-.ocU 

4%) 530 .O1l .010~-.012~ 

431,120 .017 .002A-.Odd 

419,910 017 .O10A-.OVA 

3=,* -017 .0064-.008A 

369,290 .m .0064-.oa8A 

38,320 Not sh&-Pefxied 



Set Xo. 

5 

D S I C X  IiO, 4 

Average L i f e  ( ~ y c l e s l  Shot Size (1n. 1 Intensity 

381,650 -917 .002A-.W 

228,970 . O l l  .O~QA-.OUA 

223,310 .017 . QaQA-. Ol2A 
197,790 W' .006A-.0(3EiA 

175 , 970 .O11 .CO€A-.O&A 

=5,750 . o n  .coa-.004A 

40,110 Not Shot-Peened 
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