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ABSTRACT 

Hard sho t  peening cha rac t e r i z ed  by i t s  larger  sho t  in ject ing energy  wi th  a r c  
height higher t han  0.7 m m A  i s  becoming popular a s  one  of t h e  me thods  t o  
enhance  t h e  f a t i g u e  durabi l i ty  especia l ly  fo r  c a s e  hardened  components .  During 
this p rocess  many  sho t s  a r e  broken compared  t o  convent ional  peening process. In 
this s tudy,  t o  c la r i fy  t h e  in f luence  of broken sho t s  on  f a t i gue  proper t ies ,  t w o  
types sho t s  having t w o  d i f f e r en t  hardness respect ively  a r e  prepared.  Ervine t e s t s  
reveals  t h a t  o n e  o f  t h e m  has  many  broken par t i c les  and  ano the r  has  a l i t t le .  
Using t h e s e  t w o  t ypes  sho ts  spec imens  w e r e  hardly peened and  f a t i gue  t e s t s  a r e  
carr ied o u t  t o  ob ta in  S-N c u r v e  and  weibull char t s .  The  spec imens  peened  with  
shots containing many  broken sho t s  show wider dis t r ibut ion of f a t i gue  l i fe  than  
t he  ones  peened  wi th  sho t s  containing of a l i t t le .  I t  i s  concluded t h a t  broken 
shots deg rade  t h e  s tab i l i ty  of peening e f f e c t  in hard sho t  peening. 
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1. INTRODUCTION 

Many of t h e  power t r a in  components  have  been strongly demanded t o  with- 
s tand  higher loads with  increasing engine p o w e r  and with t h e  t r end  in  down 
sizing. It i s  especially desired fo r  au tomot ive  transmission gears  t o  t r ansmi t  
increased engine o u t  put. To  m e e t  these  requirements ,  high pe r fo rmance  gear  
s t e e l s  have  been developed based on t h e  s tudies  on gear  manufactur ing process,  
hea t  t r e a t m e n t  and designs. Shot  peening of  carburized gears  i s  becoming popular 
a s  one of t h e  methods  t o  enhance  t h e  f a t i gue  durabili ty,  and i t s  e f f e c t s  have 
been al ready repor ted  [I]-[3]. Furthermore,  hard sho t  peening with a r c  height 
higher than  0.7mmA is  a lso applied. By this  hard peening process,  i t  i s  indicated 
t h a t  i t  leads  t o  a n  increase  in  25% t o  30% of  f a t i gue  s t r eng th  compared  t o  
conventional peening [4]-[5]. I t  i s  suggested, on t h e  o the r  hand, t h a t  fa t igue  
proper t ies  of sho t  peening gea r s  show larger  s ca t t e r i ng  t han  those  of a s  carbur-  
ized - t empered  gears ,  because  i t  is  d i f f icu l t  t o  con t ro l  t h e  shot  peening param- 
e t e r s  precisely such a s  sho t  hardness,  shot  d iameter ,  injection veloci ty  and  so 
forth.  During hard shot  peening process, a la rge  amoun t  of sho ts  a r e  broken by 
high energy bombardment.  And these  broken sho ts  a r e  indicated no t  only t o  
reduce peening e f f e c t s  bu t  t o  degrade  t h e  s tabi l i ty  of peening e f f ec t s .  

In th i s  study, t o  c lar i fy  t h e  influence of broken sho ts  on f a t i gue  proper t ies ,  
t w o  types  of sho ts  having t w o  d i f fe ren t  hardness Hv550 and  Hv700, respect ively 
a r e  prepared. By Ervine t e s t e r ,  they  exhibi t  t h e  d i f fe ren t  amount  of broken 
shots  in  bo th  hardness  level. Using these  t w o  types  shots,  ca rbur ized  specimens 
a r e  hardly peened with  s a m e  a r c  height,  and t h e  distribution of hardness, residual 
s t ress  and  re ta ined  aus t en i t e  con t en t  a r e  measured t o  confi rm t h e  shot  peening 
e f f ec t .  Fa t igue  tes t s ,  fu r thermore ,  a r e  ca r r ied  ou t  t o  obtain  t h e  S-N c u r v e  and 
Weibull c h a r t s  f o r  discussion. 

2. EXPERIMENTAL PROCEDURES 

2.1 Material ,  h e a t  t r e a t m e n t  and dimensions of specimens 

C a s e  hardened Cr-Mo S tee l  (JIS SCM420) with  t h e  chemica l  composition 
given in  Table  1 was  used fo r  t h e  round bar  t ype  ro ta t ing  bending f a t i gue  tes t .  
The  geomet r ies  of specimens w e r e  shown in Fig. I. Af t e r  annealing for  1 hour 
at 920°C and machining, spec imens  we re  carburized according t o  t h e  condition 
shown in Fig. 2. Carburiz ing h a s  been car r ied  o u t  f o r  3 hours a t  910°C. After  
cooling t o  830°C and holding fo r  0.5 hour at th i s  t empe ra tu r e ,  specimens were  
quenched in oil of 80°C. Tempering was car r ied  o u t  fo r  2 hours at 160°C. This 
hea t  t r e a t m e n t  resul ted in a su r f ace  carbon con t en t  of 0.93 %. Af te r  shot peen- 
ing, t h e  gr ip  of specimens w e r e  finish machined t o  t h e  d i ame te r  of 15mm by 
grinding. 

Table 1 Chemica l  composi t ion (w t  %) 



St ress  concen t ra t i on  
f a c t o r ;  1.84 

Fig. 1 The geometries of specimens 

OQ (80°C)  AC 

Fig. 2 The  condition of Carburizing 



Table 2 Shot media and t h e  resul ts  of re ta ined weight 

I Hardness I Group mean hardness mean d i  timttlr I n e w  -- ; 
r . & O ,  \ 

Table 3 Shot peening condition 

2.3 Peening e f f e c t s  

In order  t o  confirm t h e  peening e f fec t s ,  t h e  distribution of hardness  and 
residual s t resses  near t h e  sur face  and retained aus ten i te  we re  measured.  The 
Vicker's hardness distribution was  measured f rom t h e  sur face  t o  dep th  of 2 mrn 
by loading 300 gf for  15 s4c. The  residual s t resses  were  de te rmined  by X-ray 
d i f f rac tometer  wi th  t h e  sin $ - method. The  residual s t r e s s  distribution was 
obtained by repea t ing  t h e  X-ray measurement  and e lec t rochemica l  polishing 
successively. The  amount  of re ta ined  aus ten i te  was  also de te rmined  by means  of 
t h e  .X-ray d i f f rac tometer .  The  retained aus ten i te  con ten t  was  ca lcu la ted  a f t e r  
measuring diffract ion line intensi t ies  of t h e  (211)-planes of mar t ens i t e  and the  
(220)-planes of t h e  aus ten i te  with chromium k a - radiation. 
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2.4 Fa t igue  t e s t s  

Fa t igue  t e s t s  we re  car r ied  ou t  by a ro ta t ing  bending fa t igue  machine of 98 
Nm in lo ? d capac i ty  and about  3600 rpm in cyc l ic  speed in laboratory atmos-  
phere. 10 cycles  were  t aken  a s  l imiting number for  evaluat ion of t h e  fat igue 

Peening Time (min) 

5 

3 

10 

3 

3. RESULTS AND DISCUSSION 

3.1 Variation of shot peening parameter  

3.1.1 Hardness distribution Fig. 3 show hardness  distributions for t h e  speci- 
mens. A t  shot  hardness of Hv 550 ,  su r f ace  hardness of t h e  specimens peened 
with shot  A is Hv 747 and t h a t  o f  t h e  specimen peened wi th  shot  B is Hv 787. 



A t  sho t  hardness  of Hv 700, t hose  values a r e  Hv 809  wi th  sho t  A and  Hv 818 
with sho t  B. No d i f fe rences  appear  in t h e  hardness  profiles be tween  t w o  t ypes  
of sho t s  e x c e p t  fo r  nea r  t h e  su r f ace  in both sho t  hardness  level. I t  i s  no ted  
he r e  t h a t  increasing sho t  hardness  f rom Hv 550 t o  Hv 700 resu l t s  in t h e  s u r f a c e  
hardness  inc rease  of Hv 30 and  Hv 50. 

3.1.2 Residual s t r e s s e s  dis t r ibut ion Fig. 4 (A) and  (B) show res idual  s t r e s s e s  
dis t r ibut ion fo r  spec imens  sho t  peened by Hv 550 shots. No d i f f e r ence  was  
observed be tween  sho t  A and  B. As compared  t o  as carbur ized  specimens,  sho t  
peening increases  t h e  s u r f a c e  compress ive res idual  s t r e s s  va lue  t o  -393 MPa 
wi th  sho t  A and  -416 MPa wi th  shot  B , which resu l t s  in abou t  200 MPa in- 
c rease .  Shot  peening a l so  increases  t h e  maximum residual  s t r e s s  va lue  by -800 
MPa t o  -945 MPa wi th  sho t  A and  -1006 MPa wi th  sho t  B. A t  sho t  hardness  of 
Hv 700, a s  compa red  t o  spec imens  peened wi th  sho t  hardness  of Hv 550, high 
hardness  sho ts  inc rease  t h e  maximum value t o  -1163 MPa wi th  sho t  A and  -1338 
MPa wi th  sho t  B. I t  means  250 and 300 MPa increase ,  respect ively .  The  
change  of t h e s e  profiles by sho t  peening was  observed t o  t h e  dep th  of about  
150 p m .  A t  high hardness  shot ,  maximum residual  s t r e s s  va lue  had d i s t inc t  dif-  
f e r e n c e  be tween  sho t  A and  B. As ment ioned above,  i t  s e ems  t h a t  th i s  is de r ive  
f rom t h e  d i f f e r ence  in sho t  m e a n  d iamete r .  

3.1.3 Re ta ined  aus t en i t e  Tab le  4 ind ica tes  t h e  resu l t s  of re ta ined  aus t en i t e  
measu remen t  a f t e r  sho t  peening with  e a c h  shots. In t h e  unpeened s t a t e ,  t h e  
amoun t s  of re ta ined  a u s t e n i t e  is a value of 27.8 % at  t h e  surface.  As i t  i s  sug- 
ges ted  [ 5 ] ,  t h e  c o n t e n t  of r e t a i ned  aus t en i t e  a l so  decreased  t o  3.9 % - 9.5 % 
by sho t  peening in th i s  study. 

Depth from t h e  s u r f a c e  (mm) 

Table  4 Re t a ined  aus t en i t e  
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3.2 Fa t igue  t e s t s  

Fig. 4 (A) 
R e s i c u a l  s t r e s s  

d i s t r i b u t i o i n  f o r  
spec imens  peened 
by Hv 550 shots  

Fig. 4 ( 8 )  
R e s i d u a l  s t r e s s  

d i s t r i b u t i o n  f o r  
spec imens  peened 
by Hv 700 shots  

3.2.1 S-N curves  Fig. 5 shows the  resul ts  of t h e  ro ta t ing  bending f a t i gue  t e s t  
of notched specimens shot  peened using Hv 550 sho t  with Almen intensi ty  of 0.7 
mmA. The  r e s  i t s  of a s  carburized spec imens  a r e  a lso shown. The  fa t igue  
s t rength  fo r  L O Y  cyc les  of t h e  a s  carburized specimens is 470 MPa and those  of 
t h e  sho t  peened with shot  A and B a r e  both 700 MPa. I t  means  t h e  sho t  peen- 
ing wi th  a n  Almen intensi ty  of 0.7 mmA gives 45  % increase  in t h e  bending fa-  
t igue l imit .  No d i f fe rence  was  observed in S-N cu rve  be tween  sho t  A p n d  Be 

Fig. 6 shows t h e  t e s t  resul ts  wi th  sho t  hardness  of Hv 700. 10 cyc l e  fa- 
t igue l imi t  was  870 MPa and  shot peening wi th  high hardness  with a n  Almen 
intensi ty  of 1.0 mmA leads t o  a 26 % increase  compared  t o  t h e  resul ts  of shot 
hardness of Hv 550. The  increase  in f a t i gue  s t r eng th  of specimens with  shot  B 
i s  higher t h a n  those  of specimens peened wi th  sho t  A. I t  i s  explained t h a t  t he  
d i f fe rence  of t h e  resul ts  is due  t o  t h e  higher maximum residual s t ress  of  peened 
spec imens  wi th  shot  B t han  t h a t  of peened wi th  shot A, previously shown in  Fig. 
4 (B). 



-2.2 Weibull analysis I t  i s  e s t ima ted  t h a t  broken sho ts  dur ing sho t  peening 
reduce t h e  peening e f f e c t s  and  degrade  t h e  s tabi l i ty  of t h e  peening e f f ec t s .  So 
fa t igue  t e s t  wi th  9 o r  10 p ieces  of sho t  peened spec imens  w e r e  c rr ied o u t  at  

e s a m e  s t r e s s  t o  ob ta in  t h e  weibull char ts .  The  s t r e s s  whe re  lo3 l i fe  i s  ob- 
ined was  se lec ted  f rom t h e  previously shown S-N curves .  

Fig. 7 shows t h e  P-Nf cu rves  of t h e  specimen t e s t e d  at 784 MPa, whe re  t h e  
ec imens  we re  shot  peened by Hv 550 shots. Although sample s  peened by sho t  
showed a l i t t l e  longer l i f e  t han  those  by shot  B, i t  i s  no ted  he re  t h a t  t h e  
e r e n c e  in t h e  l i f e  i s  smal le r  t han  expec ted  f rom t h e  amoun t  of broken sho ts  
h a t e d  by Ervine tes t .  The  reason for  this  resu l t s  is  s e e m e d  t h a t  broken 

shots w e r e  a lmos t  removed o u t  f r o m  t h e  a c t u a l  peening machine  and  n o  broken 
shots e f f ec t i ve ly  bombarded t h e  specimens.  In t h e  P-Nf cu rves  f a t i gue  s t r eng th  
of specimens peened with  sho t  A is higher t han  t hose  of spec imens  peened  with  
shot B, in  spite of the results t h a t  ha rdness  a n d  maximum residual s t r e s se s  of 
shot B i s  higher than  those  o f  shot  A. W e  cannot  make  c l e a r  t h e  reason fo r  th i s  
results in this  study. 

Fig. 5 
S-N c u r v e  of  s h o t  
peened  using Hv 550 
s h o t s  w i t h  a r c  
height  0.7 m m A  
a n d  a s  c a r b u r i z e d  
spec imens  

0 As c a r b u r i z e d  ' 
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0 Shot B - 1 - 
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Fig. 6 
S-N c u r v e  of sho t  

peened  using Hv 700 
s h o t s  w i t h  a r c  
height  1.0 m m A  

O S h o t  A - 1 

\ i n  
A S h o t  A - 2 
a S h o t  B - 2 

9i'q-A 0 0  
A- 

0 
\ 

Cyc le s  t o  f a i l u r e  N f  



0 Shot A - 1 
A Shot B - 1 

1 04 1 o5 1 o6 1 o7 
Cycles to failure Nf 

Fig. 7 
The P-Nf cu rve  of , 

sho t  peened  by Hv, 
550 sho ts  

Fig. 8 
The  P-Nf c u r v e  of 

shot  peened  by Hv 
700 sho ts  

Cycles to failure Nf 

Fig. 8 shows t h e  P-Nf cu rves  of  t h e  f a t i g u e  t e s t  a t  920 MPa using t h e  
samples  peened wi th  Hv 700 shots.  The  f a t i g u e  spec imens  peened wi th  sho t  B 
containing many  broken sho ts  show obviously degraded  f a t i gue  proper t i es  com- 
pared t o  t hose  peened  wi th  sho t  A. The  reasons  fo r  t h i s  resu l t s  a r e  considered 
a s  follows. The  f i r s t  reason i s  t h a t  a s  t h e  peening t i m e  of t h e  spec imens  
peened wi th  sho t  A a r e  t w i c e  a s  long a s  t hose  of t h e  spec imens  peened with  
shot  B, inc reased  cove rage  reduces  t h e  s c a t t e r i n g  of f a t i gue  s t reng th .  The  
second reason i s  der ived f r o m  t h e  f a c t s ,  a s  shown in  t a b l e  2, sho t  B was  con- 
s i s t  o f  e x t r e m e l y  l a rge  a m o u n t  of broken shots.  There fore ,  t h e  c apac i t y  of 
removing broken sho t s  f r o m  t h e  peening mach ine  was  insuff ic ient  and t h e  ma- 
ch ine  had much  broken sho ts  in i t  when using sho t  B. T o  s tudy  t h e  f i r s t  reason, 
t h e  sho t s  having s a m e  m e a n  d i ame te r  t o  t h a t  o f  sho t  B w e r e  prepared t o  ob ta in  
t h e  s a m e  peening t i m e  (A-3). The  peening t i m e  wi th  sho t  A-3 was  4.5 min. 
Fig. 9 shows t h e  P-Nf c u r v e  o f  t h e  f a t i g u e  t e s t  f o r  spec imens  peened wi th  sho t  
A-3 and  A-2. As  no  d i f f e r e n c e  appeared  in t h e  resul ts ,  i t  was  conf i rmed  t h a t  
peening t i m e  gives  no in f luence  on t h e  above  resul ts .  T o  s tudy t h e  second rea -  
son, t h e  re la t ion  be tween  t h e  o rder  o f  sho t  peening t r e a t m e n t  and  t h e  f a t i g u e  



l i f e  is  considered,  which i s  shown in Fig. 10. Although t h e  number  o f  cyc les  t o  
f a i l u r e  of spec imens  peened wi th  sho t  A remain  unchanged, t hose  of peened with  
shot B d e c r e a s e  a s  t h e *  o rde r  of shot  peening increase .  I t  s e e m s  t h a t  t h e  
amount  of broken sho ts  in t h e  machine  increase  wi th  i nc r ea se  in t h e  o rder  
because of shor tage  o f  t h e  capac i t y  removing broken sho t s  a n d  t h e s e  broken 
sho ts  dec r ea se  t h e  peening e f f ec t s .  Therefore ,  t h e  dis t r ibut ion of par t i c le  s i z e  
f o r  two  t ypes  sho ts  be fo r e  and  a f t e r  shot  peening t r e a t m e n t  is s tudied and  shown 
in Fig. 11. The  resu l t s  o f  sho t  A remain  unchanged, bu t  t h e  resu l t s  of shot  B 
ind ica te  t h a t  re ta ined  weight  % of sho t  over  840 p m  dec rea se s  f r o m  93.75 % t o  
56.5 % and  t hose  of sho ts  under 840 p m and  over  710 u m e x t r e m e l y  increase  
f rom 6.25 % t o  41.9 % by increasing broken shots.  T h e  reason of t h e  s ca t t e r i ng  
of f a t i g u e  s t r eng th  fo r  spec imens  peened with  sho t  B a t  sho t  hardness  Hv 700 is  
concluded t h a t  increased a m o u n t  of broken sho ts  dur ing sho t  peening t r e a t m e n t  
gradually d e c r e a s e  t h e  sho t  peening e f fec t s .  

Cycles to failure Nf 

0 Shot A - 2 
A Shot B - 2 

The order sf s h o t  peening treatment 

Fig. 9 
The  P-Nf cu rve  of 
spec imens  peened by 
A-2 and  A-3 shots  

Fig. 10 
R e l a t i o n  b e t w e e n  
t h e  o r d e r  o f  s h o t  
p e e n i n g  t r e a t m e n t  
and  f a t i gue  l i fe  
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Fig. 11 The distribution of shot  par t ic le  s ize  for  A-2 and 8-2  shot  before  and 
a f t e r  shot  peening t r e a t m e n t  

4. CONCLUSION 

The test -resul ts  a r e  summar ized  a s  follows; 

( I )  As shot hardness increases  f rom Hv 550 t o  Hv 700, t h e  peening e f f e c t s  on 
hardness and residual s t resses  increase. High hardness shots  cont r ibu te  t o  
about  26 % increase in f a t i gue  l imits of specimens. 

(2) A t  t h e  shot hardness of  Hv 550, i t  i s  observed no  influence of broken shots  
on fa t igue  s t rength.  The  peened specimens ob ta in  s tabi l i ty  shot  peening 
e f f e c t s  by removing broken shots. 

(3) A t  shot hardness of Hv 700, t h e  specimens peened with shot  B consisting of 
many broken shots  show more  sca t te r ing  of peening e f f e c t s  t han  those with 
shot A having a l i t t l e  broken shots. The reason of th i s  sca t te r ing  is  conclud- 
e d  t h a t  increased amount  of broken shots  during shot  peening t r e a t m e n t  
gradually decrease  t h e  peening e f f e c t s  

In t h e  application of hard shot  peening, t o  ge t  t h e  s t ab l e  peening e f f ec t s ,  i t  
i s  necessary t o  use t h e  no broken shot, or t o  remove  t h e  broken shots  f r o m  t h e  
shot  peening machine. 
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