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ABSTRACT 

The purpose o f  t h i s  paper i s  t o  present a  t e chn i ca l  o v e r v i e v  o f  t h e  sho t  
peening process ,  comparing t h e  convent ional  " con t ro l l ed"  process  t o  
s t a t e - o f  - t h e - a r t  p r e c i s i  on sho t  peening. The f a t i g u e  s t r e n g t h / c o s t  b e n e f i t s  
e s  well a s  t h e  cha l l enges ' and  o b s t a c l e s  t o  reproduci  b i  l i  t y  a r e  exami ned i n  
l i ght o f  h igh  product i  on automoti  v e  volumes. Examples o f  a p p l i c a t i o n s  vhere 
preci  sf  on sho t  peeni ng can most e f f e c t i v e l y  b e  u t i l i z e d  t o  i n c r e a s e  t h e  
s t r eng th /we igh t  de s ign  c h e r a c t e r i s t i c  o f  eu tomot ive  components a r e  provided. 
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INTRODUCTION 
i 

H l s t o r i c a l l y ,  where f a t i g u e  i s  t h e  l i m i t i n g  de s ign  f a c t o r ,  i t  h a s  been i  
demonstrated t h a t  f a t i g u e  s t r e n g t h  i n c r e a s e s  due t o  sho t  peening o f  I 
approx imate ly  lo%, a r e  ob ta inable .  However, once app l i ed  i n  h igh  production 
volumes much, i f  no t  a l l ,  o f  t h i s  gain i s  e l i m i n e t e d  due t o  l a r g e  da ta  
s c a t t e r ,  The r easons  f o r  thisr a r e  due t o  l a c k  o f  adequate process  
understandl  ng, o p t i m i z a t i o n  and reproduc i  b i  l i  t y. T h i s  process,  vh i  ch  we 
s h a l l  c a l l  convent ional  c o n t r o l l e d  s h o t  peening, i n  most caseg,  cannot 
consistentlyprovideafstiguestrengthincreasethat i s o f s i g n i f i c a n t  , 
magni t ude  t o  a f f e c t  t h e  d e s i  gn. , 

I f  conven t i  onal c o n t r o j l e d  sho t  peeni ng  could  coned s t e n t l y  and c o s t  
e f f e c t i v e l y  provide a  20X + f a t i g u e  s t r e n g t h  i n c r e a s e ,  t h e  eu  
i n d u s t r y ' s  u t l  l i  z a t i  on o f  t h e  p roces s  would b e  much more e x t e n d  ve. 
e x p l a n a t i o n  l i e s  i n  t h e  f a l s e  essumpt ion  t h a t  the f a t i g u e  s t r e n g t h  
improvement d e r i  ved i s r e l a  t i  v e l y  i n s e n s l  t i v e  t o  process  paremeter 
end v e r i a t i o n .  T h i s  i s " n o t  supported b y  e v a i l a b l e  data.  111 C21 C 3  

P 

Nany general s p e c i f i c a t i o n s  i n  u s e  today,  b y  making broed pr 
recommendations, f a i l  t o  r ecogn i ze  t h e  t unique o p t i  mum proces  
v a l u e s  may e x f  st f o r  s p e c i f f  c components. There fore ,  i t  i s  e l  
t o  s a y  t h a t  a  prescr ibed  set o f  processr c o n t r o l  t o l e r a n c e s  can 
uni versa1 l y  epp l  i ed w i  t h  ref l eb l  e r e s u l  ts. 

Addi t i  o n a l l y ,  t h e  word con t ro l  h a s  been used a s  an a d j e c t i v e  t 
f o r  decades and can mean almost e n p  f eVei, i n c l  uding manual 
For i n s t a n c e  a s  r e c e n t l y  a s  1981, Clarke  and B i r f e y  151 s t a t e  
s h o t  peening can b e  ach ieved  s a t i s f a c t o r i J y  wi th  manual opera 

Greater  unders tanding  o f  t h e  a f f e c t  o f  peening process  parameters on 
workpi ece a s  ve l  l a s  microprocessor  and e l e c t r o n i c  s ensor  development 
c r e a t e d  an o p p o r t u n i t y  f o r  more s i g n i f i c a n t  and r e l i a b l e  f e t f g u e  s t r e n  
i n c r e a s e s  i n  h igh  volume a p p l i c a t i o n ,  t hen  i n d i  c e t e d  b y  h i s t o r i c  l e b  e  



product i  on data.  Thi s i s ,  however, ob ta inab l e  on1 y  a f  ter process  parameter 
optimum nominal v a l u e s  and t o l e r a n c e s  a r e  d e f i n e d  f o r  a  p a r t i c u l a r  component 
and t h e  product ion process  i s  maintained wi th in  t h e  requirements  o f  eac  
parame t er. 

I 
T h i s  process,  which we s h a l l  c a l l  p rec i s lon  sho t  peening, i s  prov id in  
o p p o r t u n i t i e s  t o  t h e  au to  i n d u s t r y  f o r  s u b s t a n t i a l ,  r e l i a b l e  de s ign  s 
ga lns  from a p r e v i o u s l y  d i scounted  o r  d i scarded  process,  a t  a  n e t  c o s t  
sa  v ingg over  a1 t erna t i ve processes  o r  materi  a1 s. When cons ider ing ,  i n  
des ign ,  t h e  e f fec t  weight r e d u c t i  on h a s  on a l l  o t h e r  component8 i n  t h e  
v e h i c l e ,  addi t i  onal weight and c o s t  s a v i n g s  can a180 b e  generated. 261 

DISCUSSION 

I n  t h e  f ace  o f  numerous developments  i n  h igh  s t r e n g t h  m a t e r i a l s  and 
s t a t e - o f - t h e - a r t  hea t  t r e a t i n g  processes  such  a s  i o n  n i t r l d i n g ,  l e s e r  
hardening and contour  i n d u c t i o n  hardening,  why cons ider  p r e c i ~ i o n  s h o t  
peening? S imp ly  s t a t e d ,  t h e  reason  i s  s t r e n g t h  gain per d o l l a r  i n v e s t e d ,  o r  
c o s t  e f f ec t i  veness .  P r e c i s i  on   hot peening h a s  two advantages  : 1) grea t e r  
f a t i g u e  s t r e n g t h  provided over  convent lonal  c o n t r o l l e d  sho t  peening a s  v e l l  
a s  o t h e r  s t r e n g t h e n i n g  processes  and 21 lower  c o s t  compared t o  a l t e r n a t i v e  
processes  and/or  ma te r ia l s .  

The f  01 l owl ng  appl i c a t i  on examples a r e  t h e  r e s u l  t o f  deve l  opmental work ! 
performed wi th  var ious  au tomot ive  component manufacturers ,  Re f e rences  a re  
provided f o r  i n s t a n c e s  where t h e  data h a s  been published; o therwise ,  
approval h a s  been ob ta ined  f o r  d i s cus s ion .  

S t r e n a t h  Inc rease  

The most f requent  a p p i l c a t l o n  o f  sho t  peening t oday  i n  t h e  automotive  
i n d u s t r y  i s  on l e a f  and c o i l  s p r i n g s ,  The reason  i s  t h a t  t h e  combination o f  
me ta l l u rg i ca l  and physical  c h a r a c t e r l s t l c s  wi th  t h e  t y p e  and f requency  o f  
t h e  app l i ed  s t r e s s e s  makes f o r  a  workpiece t h a t  i s  p e r t i  oul  a r l y  r e spons i ve  
t o  t h e  s h o t  peening process  yet  comparat ivel  y  q u i t e  f o r g i  v ing  t o  process  
var f  a t i  on. Never the l e s s ,  i n  comparat ive  t e s t i n g ,  fa  t i  gue l i f e  gal n s  o f  
approx imate ly  100% a r e  p o s s i b l e  w l  t h  preci  sf on sho t  peeni ng over  
conven t i  onal c o n t r o l  l ed  s h o t  peening. 

Perhaps t h e  most f er t i l e  f i e l d  f o r  s t r e n g t h  improvement processes  i s  i n  
t ransmi s s ion  des ign ,  During t h e  l a t e  1970@s ,  I n  t h e  e f f o r t  t o  lower  f ue l  
consumpti  on, t h e  e n g i n e  and d r i  vet$-ad n s y s t ems  were downsi zed.  Now, a s  a 
r e s u l  t o f  new engi  n e  techno1 ogy, t h e s e  downsized transmi s o l o n s  a r e  faced 
w i  t h  t o rque  requiremen ts beyond t h e i r  o r i g i n a l  d e s i  gn capaci  t y .  Prec i s ion  
s h o t  peening h a s  been e f f e c t i v e l y  u t i l i z e d  t o  boos t  t h e  de s lgn  r a t i n g s  o f  
transmi ssi ons,  regard1 ess o f  whether convent ional  c o n t r o l l e d  sho t  peening o r  
no sho t  peening had been appl ied .  The t o rque  des ign  r a t i n g  ga lns  -range from 
15%-40% depending upon t h e  a p p l i  c a t i  on. These gad n s  have been generated f o r  
t h e  f a t i g u e  f a i l u r e  modes o f  s p a l l l n g  a@ well a s  bendlng and t o r s i  on. The 
components i n c l  ude f i  na l  d r l  ve p in ions ,  f nput  gears ,  I d l e r s ,  ou tpu t  gears, 
s p l i n e d  sha f t s l ,  p lane ta ry  p in ions ,  sun gear and t u r b i n e  s h a f t  l u b e  h o l e s ,  
d i  f f e r e n t  i a1 sf de  gears  and pi n i  ons ,  and hypoi  d  ri n g  and pi n i  ons. 

Cost and Wei qh t Sa vdnas 

Examples o f  t h e  c o s t  s a v i n g s  a v a i l a b l e  w i th  p rec i s lon  sho t  peening a r e  - 
numerous. I n  t h e  c a s e  o f  s p l i n e d  s h a f t s ,  f a t l g u e  s t r e n g t h  increases 



comparable t o  i n d u c t i o n  hardening were demonstrated a t  a  sav ings  o f  S.35 - 
$0.45 per s h a f t .  An order  o f  magnitude increase  i n  f a t i g u e  l i f e  over  s p l i  t 
s l e e v e  co ld  expansion o f  l ube h o l e s  was generated a t  a  sav ings  o f  
approxi ma tel y  $0.50 per part. A sav ings  o f  $0.50 per gear i s  being obtained 
b y  prec l s i  on shot  peening 8620 carbur ized  gears,  t h u s  avoid ing  t h e  more 
expensi  ve  e x o t i c  a1 l oys.  Through p r e c l s i  on shot  peening, ' c a s t  i r o n  hypoid 
r i n g  and p in ions  have demonstrated performance super ior  t o  carburized steed 
while  generat ing approximately  a 10% sav ings  i n  c o s t  and weight. 

Reduction o f  r e c i p r o c a t i n g  weight i n  engines  i s  a h igh  des ign  pr ior i t y .  A 
20%-30% i nc rease  i n  f a t i g u e  s t r e n g t h  o f  some connect ing rod des igns  have 
been c o n s i s t e n t l y  obtained,  Prel iminary test data i n d i c a t e s  t h a t  increased 
contac t  f a t i g u e  s t r e n g t h  and l u b r i c i t y  through prec is ion  shot  peening can 
r e s u l  t i n  a $0.50 sav ings  per rod b y  e l im ina t ion  o f  t h e  bras8 bushing and 
o i l  hole .  

Prec is ion  shot  peening o f  non-hardened crankshaf t  journal f i l l e t s  was 
compared t o  f i l l e t  r o l l i n g ,  l a s e r  hardening and i o n  n i  tri ding. F i l l e t  
r o l l i n g  outperformed l a s e r  hardeni ng and i on n i  tr i  ding. Prec is ion  shot  
peening provided approximetely  15% greater  f a t i g u e  s t r e n g t h  then f i l l e t  
r o l l i n g .  

Non-peened SAE 5454 automotive road v h e e l s  u t i l i z i n g  standard SAE Dynamic 
Cornering Fatigue T e s t i n g  r e s u l t e d  i n  a f a i l u r e  range o f  230,000 t o  396,000 
c y c l e s ,  Prec is ion  shot  peening produced e mean l i f e  increase  o f  470% with e 
reduc t ion  i n  s c a t t e r .  C21 Also prec is ion  peening o f  low carbon s t e e l  may, 
depending upon wheel des ign ,  provide sf m i  Jar  f a t i g u e  s t r e n g t h  t o  non-peened 
HSLA. 

I 

Challenges t o  Production Appl ica t ion  

In  s p i t e  o f  t h e  above mentioned advantages t h a t  make prec is lon  shot  peening 
very  a t  t r a c t d v e  a s  a boos t e r  o f  s t r e n g t h h e i g h t  I n  design,  t h e r e  are some 
s i g n i f i c a n t  cha l l enges  t o  overcome t o  s u c c e s s f u l l y  implement t h i s  i n t o  high 
production, and some technological  breakthroughs necessary  t o  ease  these  
cha l l enges  a s  v e l l  a s  provide more m c o r f o r t m  i n  u t i l i z i n g  t h e  process more 
u n i v e r s a l l y .  The reason is,  t h e  sho t  peening process i s  much more s e n s i t i v e  
t o  parameter va lues  and f l u c t u a t i o n s  than h i s t o r i c a l l y  deemed t o  b e  t h e  
case ,  111 f21 131 141 

I f  t h e  goal i s  t o  c o n s i s t e n t l y  maximize f a t i g u e  s t r e n g t h  i n  h igh  production 
volumes, we must ensure  t h a t  a l l  c r i t i c e l  process parameter optimum nominal 
va lues  and a l l o v a b l e  production t o l e r a n c e s  are  q u a n t i f i e d  i n  r e l a t i  onship t o  
workpiece f a t i g u e  s t r eng th .  When t h e  process engineer understand t h e  
weaknesses i n  current  monitoring methods 1t becomes obvious t h a t  
q u a n t i f i c a t i o n ,  v ia  t e s t  work, o f  optimum nominal ve l  ue and a l loweble  
t o l e r a n c e s  f o r  each c r i t i c e l  parameter c o n t r i b u t i n g  t o  almen i n t e n s i t y  and 
workpiece s a t  u ra t ion  i s  e s s e n t i a l .  C71 The f i  nal process  s p e c i f i c a t i o n  must 
i n c l u d e  t h e  cumulat ive  a s p e c t s  o f  t h e  monitoring in s t rumen ta t ion  tolerances.  

H i s t o r i c a l l y ,  convent ione l  c o n t r o l l e d  shot  peening h a s  u t i l i z e d  t h e  almen 
s t r i p  and v i sua l  coverage a s  t h e  primary process monitoring too l s .  Although 
a t  t h i s  po in t ,  s t i l l  necessary,  t h i s  i s  i n s u f f i c i e n t  in format ion  t o  assure 
optimum f a t i g u e  b e n e f i t s .  For example, i n  c a r e f u l l y  executed  t e s t v o r k ,  
carbur ized  gears  peened t o  i d e n t i c a l  alnen i n t e n s i t i e s  produced, a t  
i d e n t i c a l  torque  va lues ,  a mean l i f e  o f  16,375 c y c l e s  and a B-10 l i f e  of 
2,663 c y c l e s  f o r  conven t i  onal con t ro l  l e d  peening ver sus  a mean o f  33,167 



c y c l e s  and B-10 o f  11,953 c y c l e s  f o r  p rec l s l  on peenlng. C31 

Data indicates t h a t  t h e  reasons  f o r  t h l s  a re  t h r e e  f o l d :  

11 Alnen i n t e n s i t y  provides an i n d l c a t l o n  o f  t h e  aggregate amount o f  energy 
t r e n s f e r  t o  t h e  workpiece v l t h o u t  d e f i n i n g  t h e  lnd iv idua l  c o n t r i b u t i n g  
components. I81 C91 

2 )  The e f f e c t  o f  t h e  cumulat ive t o l e rances  wi th in  t h e  almen s t r i p  i t s e l f  
w i l l ,  i n  most ce ses ,  r e s u l t  i n  undetected process v a r i a t i o n  t h a t  i s  
i s  too  excess1 ve f o r  accep tab ly  r e l i a b l e  performance. C101 

3) Visual coverege 1 s  a q u a l i t a t i v e  at tempt  t o  r e l a t e  almen sa tura t ion  t o  
workpi ece  s e t  ura t 1 on. They r a r e l  y occur sl mul teneousl  y due t o  
d i f f e r e n c e s  i n  s u r f a c e  hardness  and met a l l  urgy, Beeldes t h e  obvious 
weakness o f  i n s p e c t o r  judgement, t r a c e r  dyes  end c o a t i n g s  
not  v i  t h s t snd lng ,  1 t i s  imposs ib l e  t o  v i s u a l l y  d i scern  coverage l e v e l s  
above 100% end be t  ween prlmary o r  secondary impact implngement. C91 
Add i t lone l l y ,  I n  many c a s e s  t h e  optimum workplece s e t u r a t i o n  l e v e l  i s  
above 100% coverege. 141 

Teble I l ists t h e  major process psrameters t h a t ,  i n  most cases ,  a r e  c r i t i c a l  
t o  prec is ion  peenlng. 

Tebl e I :  Process Parewe ters C r l  t i c a l  t o  Prec l s l  on Peenlnq. 

Shot vel  ocl  t y 
Shot diameter  
Shot s l z e  d i s t r i b u t i o n  
Shot shape 
Shot hardness  
Shot t y p e  
Shot dens1 t y  " 

Shot i a p e c t  angle 
Shot f low r a t e  
Shot b l a s t  pa t t e rn  
Nozzle  t o  workpi e c e  p o d  t 1 on re1  a t l  onshl p 
Exposure t i  me 

A l  though, t h e  t e s t  work required  t o  r e l a t e  cri t l c s l  process parameters t o  
f a t l g u e  s t r e n g t h  f o r  a par t i cu lar  component cen i n i t i a l l y  appeer 
overwhelming, a s  t h e  t e s t v o r k  data bese  expands over numerous workpiece 
peremeters,  t e s t  work can be  ebbrev la ted  o r  e l imlnated  b y  drewlng on 
prevl ousl  y e s t  abl l s h e d  process  and vorkpi  ece  perameter r e1  a t i onsh lps .  

Host workpiece psrameters fa1 l w l  t h i n  two groups: Workpiece Chemical and 
Phyeical V e r l e b l e s  o r  Work1 oed Envlronment Variables .  1101 Table 11 l l s t ~  
men y o f  t h e  workpiece peremeters whlch can 1nf.luence crl t i  ca l  process  
perameter optimum nominal vaf  ues  and to lerances .  C10l C11l 



Tab1 e XI r Workpi ece Parameters The t Can I n f l  uence Cri t i c a l  P r o c e s ~  
paramet ere, 

Hardness d l  stri b u t i  on 
Y i e l d  s t r e n g t h  
Work hardening r a t e  
Residue1 stresses 
S u r f a c e  topography 
Phase composi t i  on 
Phase s t a b i  l i  t y  
f l a t e r i e l  d e f e c t s  
Shape 
Type and magni t ude  o f  app l i ed  stresses 
Frequency o f  app l i ed  stresses 
I n  s e r v i c e  f o re ign  ob j ec t  s u r f  ace damage 
I n  s e r v i  ce c o r r o s i v e  s u r f a c e  damage 

Although no t  a1 ways economi c a l l y  f e a s i b l e ,  t h e  ac tue l  component o r  part 
should  be  used a s  t h e  test specimen workpiece. See  141 and 1121 f o r  
examples o f  t h e  t y p e  o f  t es twork  i n v o l v e d  i n  q u a n t i f y i n g  crl t i c a l  process  
parameter nominal valueo. 

Conventional c o n t r o l l e d  sho t  peenlng process  requirements  l i m i t e d  t o  
i n d u s t r y  s p e c i  f i c a t i  on t o l e rances ,  a1 men a r c  h e i g h t ,  and workpi ece coverage 
have r e s u l t e d  i n  machinery whose o n l y  requirements  were t o  throw enough sho t  
a t  h igh  enough v e l o c i t y  coupled wl th  ma te r i e l  handl ing  capable  o f  cover ing  
t h e  area t o  b e  peened i n  t h e  anticipated production volumes. I n  most c a s e s  
t h i s  equipment was  e s s e n t i a l l y  i d e n t i c a l  t o  a  b l a s t  cdeaning machine. I 

The cha l l enge  t o  t h e  automotive  process  eng ineer  o f  spec l fy in_q .  de s ign ing  
and app ly ing  equipment and s y s t ems  c spab le  o f  c o n t r o l l i n g  and monl tor lng  t h e  
dozen process  perameters l i s t e d  i n  Table  I w i t h i n  t o l e r a n c e s  t i g h t  enough t o  
reproduce optimum peened workpieces i n  h igh  product ion volumes can b e  
formidable  enough t o  d e t e r  u t i l i z a t i  on o f  t h e  process,  However, t h e  
p re s sure s  e x e r t e d  b y  world compe t i t i on  w i l l  no l onger  f o r g i v e  t h e  waste o f  
u t i l i z i n g  a  process  o f  unquan t i f i ed  f l n a n c i  a1 end t echn i ca l  merit, nor  can a  
c o s t  e f f e c t i v e  q u a n t i f i e d  f a t i g u e  s t r e n g t h  l n c r e a s e  g r e e t e r  than 20% remain 
on t h e  s h e l f .  C61 

Prec i s ion  s h o t  peening cannot b e  performed wi th  b l e s t  c l ean ing  machines. 
Form must f o l l ow  func t i on ,  i n  t h a t  t h e  s h o t  peening machine s p e c i f f c a t i o n  
must b e  an e x t e n d  on o f  t h e  o p t i  mlzed process  s p e c i f i c a t i o n .  

Although t h e r e  a r e  t h r e e  methods o f  p rope l l i ng  t h e  s h o t ,  fpneumatlc,  
c e n t r i f u g a l  wheel, and gravl  t y )  t h e  most c o n t r o l l a b l e  and f l e d  b l e  i s  
pneumatic. There fore ,  i n  t h e  i n t e r e s t  o f  b r e v i  t y  t h e  f o l l o w i  ng  d i s c u s s i o n  
i s  li  m i  t e d  t o  pneumatic machines. I t  1 s  r a r e  t h a t  i n  t h e  p rec i s ion  peenlng 
o f  en  automoti  ve  component t h a t  a  p roper l y  d e s i  gned pneumatic machine won't 
prove 88 produc t ive  a s  well e e  outper form t h e  o t h e r s  i n  producing o v e r a l l  
f a t i g u e  s t r e n g t h  end cons i s t ency .  

Of t h e  twe l ve  process  parameters l l s t e d  i n  Teble  I ,  n i n e  o f  them can b e  
c o n t r o l l e d  and/or  monitored b y  t h e  machine dur ing  processing.  The remaining 
t h r e e :  s h o t  hardness ,  sho t  t y p e  and s h o t  d e n s i t y  must be monltored by t h e  
q u s l i  t y  assurance department.  The f o l l ow lng  1 s  a  t y p i  c a l  example o f  a  
preci  si on peening mechi n e  e p p l i  ca t i  on and capabi l i  t y .  



This machine was designed from a process  s p e c i f i c a t i o n  developed through 
s u c c e s s f u l  t es twork .  The requirement  was t o  upgrade an e x i s t i n g  
t ransmi s s ion ' s  t o rque  r a t i n g  b y  20% whi l e  avo id ing  t h e  c o s t s  o f  mater ia l  ' 

upgrade o r  de s ign  change. Conventional con t r o l l e d  sho t  peening had f a i l e d .  
The mechine h a s  t h e  c a p a c i t y  t o  p r e c i s i o n  peen i n d i v i d u a l  gears  a t  a rete o f  
1580/hour. f work i s  c u r r e n t l y  under vay  t o  i n c r e a s e  t h i s '  t o  2400/hour9. 
Table 111 prov ides  a summary of t h e  equipment 's  c a p a b i l i t y ,  

Table 111: Typical  Example o f  P r e c i s i o n  Peeninq Equipment Process  
Control C a ~ e b i l i t y ,  

P 
Shot v e l o c i t y  v i a  a i r  pressure . . . . . . .  +/ -  2 ps i  X X 
Shot  d i a r e t e r  . . . . . . . . . . . . . . .  determined v i a  

test work X 
Shot  size d i s t r i b u t i o n  . . . . . . . . . . .  95% r e t a i n e d  on X40 

and t45  sc reen  X 
Shot shape . . . . . . . . . . . . . . . . .  broken p a r t i c l e  

con t en t  C 5% X 
Shot impact angle  . . . . . . . . . . . . .  +/-2 degrees  X + 

Shot f low r a t e  . . . . . . . . . . , . . . ,  +/-  2 lbs /m in  X X 
Nozz le  t o  workpi ece posi t i  on r e 1  a t i  onshi  p: 
v ia  workpiece f i x t u r e  posi t i  on r e p e a t a b i l i  t y  +/ -  0.00Ja X X . . . . .  v i a  workpiece h e i g h t  f i b e r  o p t i c  e y e  0 4 O, 062" X 
v i a  workpiece rpm sensor  . . . . . . . . . .  +/ -  2 % X ! X  
Exposure t i  m e  : 
mlnimum v i a  t imer  . . . . . . . . . . . . .  +/ -  0.25 sec. X X 
maximum v i a  computer . . . . . . . . . . . .  +/ -  0.25 sec .  X X 

A = maintained b y  t h e  machine P = monitor  e l e c t r o n i c a l l y  
1 

e A f  tfiougr'i i i o t e E E 8 r j .  i n  t h i s  case, r o b o t i c  s y s t ems  provide 
e l e c t r o n i c  moni t or ing .  

Process  parameters no t  moni tored  e l e c t r o n i c a l l y  must be  monitored v i e  
accura t e  sampling procedures and S t a t i s t i c a l  Process  Control (SPC9. See  
1131 f o r  a d i s c u s s i o n  o f  accura te  sho t  sampling procedures. 

With s t r i v i n g  f o r  z e r o - d e f e c t s  8s t h e  emphasis o f  t h e  90'8, a l l  c r i t i c a l  
process  parameters must b e  meintained w i t h i n  q u a n t i f i e d  t o l e rances .  
"Occasional f a i l u r e  i s  no t  i n e v i t a b l e .  A l l  e r r o r s  a r e  preventable ' .  11 41 
Through t h e  u s e  of proper ly  designed p rec i s ion  peening squipmen t ,  and a 
q u a l i t y  assurance s t a f f  t r a i n e d  i n  SPC and process  understanding, a process  
parameter C a p a b i l i t y  Ra t io  fCpk9 i n  t h e  1.5 t o  2 .0  range i s  maintainable .  
Personnel i n v o l v e d  wi th  t h e  process  must acqu i re  t h e  s k i l l s  e s ~ e n t i a l  f o r  
quick accura t e  d i a g n o s i s  .o f  process  anomalies.  Rout ine  pe r iod i c  t r a i n i n g  
t a i l o r e d  t o  t h e  needs  o f  peening machine opera tors ,  maintenance and q u a l i t y  
assurance personnel i s  e s s e n t i a l .  Each must demonstrate  p r o f i c i e n c y  i n  
t h e i r  area v i a  t e s t i n g .  , 

Although t h e  above requirements  form a cons iderab l e  cha l l enge  t o  u t i l i z i n g  
t h e  process  i n  de s ign ,  t h e r e  s r e  some t echno log i ca l  breakthroughs pos s ib l e  
t h a t  would provide some r e l i e f .  Three t h a t  would have s i g n i f i c a n t  fmpact 
s rer  i nc reased  electronic process moni tor ing  c a p a b i l i t y ,  p r e d i c t a b i l i t y  
s o f t  were, end a n o n d e s t r u c t l  ve l n s p e o t i o n .  

E l e c t r o n i c a l l y  monf t o r i n g  sho t  s ize  d i s t r i b u t i o n  and sho t  shape a s  i t  f l ows  
t o  t h e  n o z z l e s  would e l i m i n a t e  f requent  i n  process  manual sampling. 



An a1 gori thm r e l a t i n g  critical process  parameter nominel va lues  t o  workpiece 
parameters cou ld  grea t1  y reduce t h e  amount o f  empir ica l1  y developed test 
da ta  neces sary  t o  d e f i  n e  an optimum peening s p e c i f i c a t i o n .  

I f  we know v i a  tes twork  t h e t  A+B+C+D+E=F, t hen  i t  s t a n d s  t o  reason t h e t  i f  
we can moni tor  A ,  B, C, D, end E i n  r e a l  time, we know when we have F 
( f a t i g u e  s t r e n g t h )  even though we c a n ' t  measure F nondes t ruc t i  ve ly .  
However, t h e  a b i l i t y  t o  monl t o r  F i n  r e a l  time v ia  a  non d e s t r u c t i v e  
i n s p e c t i  on prov ides  increased  s t a  t i s t i c a l  con f idence  i n  our  d r i v e  toward 
z e r o - d e f e c t s .  

A s  1  ong a s  any  m e t a l l i c  component opera t e s  be1 ow stress r e l i e v i n g  
temperature,  no t  one h a s  ye t  been found f o r  which p rec i s ion  sho t  peening 
cannot provide a  c o n s i s t e n t  f a t i g u e  s t r e n g t h  gain.  T h i s  i s  t r u e  r e g a r d l e s s  
o f  t h e  number and k i n d  o f  s t r eng then ing  processes  t h e  part has  a l r e a d y  
undergone. When compared t o  o t h e r  s t r e n g t h e n i n g  processes  and a l l o y s ,  
p rec i s ion  sho t  peening i s  c o s t  e f f e c t i v e  w i  t h  cons iderab l e  c o s t  s a v i n g s  
p o t e n t i a l .  

The c h a l l e n g e s  t o  s u c c e s s f u l l y  u t i l i z i n g  p rec i s ion  sho t  peening a r e  a s  
 follow^: 

1. I d e n t i f i c a t i o n  o f  optimum nominel val  u e s  and a l lowable  product ion 
t o l e r a n c e s  f o r  each c r i t i c a l  process  parameter c o n t r i b u t i n g  t o  almen 
i n t e n s i t y  and workpiece sa tu ra t i on .  

2. The product ion component m u s t  b e  processed on equlpment capable  o f  
reproduc ing  each c r i t i c a l  process  parameter nominal va lue  and 
m s l n  t a i n d n g  eech w l  t h i n  t h e  r e q u l r e d  t o l e r a n c e s  determined v i  a  process  
parameter o p t i m i z a t i o n  t e s t  work. 

3. Process  parameters no t  monitored e l e c t r o n i c e l l y  must b e  monltored v ia  
accura t e  sampling procedures and SPC. 

4. Personnel i n v o l v e d  wi th  t h e  process  must acqu i re  t h e  s k i l l s  e s s e n t i a l  t o  
quick accure te  d i a g n o s i s  o f  process  snomalles ,  

5, Rout ine  p e r i o d i c  t r e f n i n g  t a i l o r e d  t o  t h e  needs  o f  peening machine 
opera to r s ,  maintenance, and q u a l i t y  assurence  personnel i s  e s s e n t i a l ,  
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