
ABSTRACT 
I:;atac;.kl".(:lj:ltli~: fai.ll..ll'..e% i1.1 ' ~ c ! Y ' ~ o  f n a ~ t i i n e ~ - i /  a r e  mo!;.k: of,kei..~ a.Ltr-ihr.s,ted 

r.iteka1. fat:,i.gue, i3 ~:~heric:lmerion t h a t  :is t t i e  resr..rI:I: o f  (:yc::I,ic t e n s i l e  str-etsses 
ac. t : ing r..\por, .the daorned  art:. . Tur-11ine curnpc)nents a r e  scrbj ec:t t o  t e n s i  1.e 
!iskresses 'f~..(:311\ i9;.:i.i91. ~ e n ~ t ~ . . . i f i . ~ ( ~ ~ l  ~Purc::e, ,Pr-c~in bendirbg and f rom t o r s i o r ? .  I n  
many c::a%eci;, a!:.; i .n bl.acles, a l l  t h r e e  may be p r e s e n t  ancl t h e  r l e t r i m e n t a l  
ePfe(:::k . is fr..tr,,t:.her ayyravaked by er~\vir'or7menl-.aI cand.i.t ior,s (c:c~rrosion 
, fat i .g i . re);  by l ( x a l i r e c l  wear ( . f r e t t i r i g  f a t i g u e ) ;  by r o l l i n g  o r  s l i d i r l g  
I::)re!i;!isuv..es (c.(.)1'7.(na~:k .fal:..i,gu~? 1 arid hy same ctranufac-. t u r i n g  processes suc t1 as 
wel.cJ:i.ng e ) r  g ~ . . i n d i n g .  Ten%.il.e s t r e s s e s  a r e  u s u a l l y  h i g h e s t  a t  t h e  s u r f a c e  
arrc:l a r e  corrcev7.k~-atacl by r'\c)tc:hes, h o l e s ,  h e a t  a f f e c t e d  zones and p h y s i c a l  
cJ am a g e . 

f i l l  m e t a l  t a t i g u ~ 3  f a i l . u r e s  a r e  pr-ogrks!eive and a lways s t a r t  i n  a reas  
a,f gl.-eater;t . tensi . l .e c;tr-eas cnricenk,r-at.inr7s: never  i.n ar7 a r e a  where t h e  
s t r e s s  :is c:c~mpres!eivh Given t h a t  axiom, i n  trodcrc t i o n  o f  h i g h  magni tude,  
re!i;i.dual carn l :~ress ive s t r -esses i n t o  t h e  s ~ r r f a c e  n f  t h e  tcrr-bine par - ts  b e f o r e  
c;er-vice, rnal.::ec: good w m s e  frr.:m a s t r e s s  a n a l y s i s  s t a n d p c ~ i n t .  T h i s  can 
1::)est be acc::nrnpl i s t ~ e d  t:~y !:.sut~j ec t i n g  t h e  p a r t s  t u  c o n t r o l .  l e d  s t ~ a t  peening.  
The prt:Jc:ess w i  l l e l  irnir7ate any r e s i d u a l  t e n s i l e  s u r f  ace s t r e s s e s  t h a t  may 
be p r e s e n t  ( f r o m  g r i n d i n g ,  f o r  i n s t a n c e )  and induce  i n  t h e  s u r f a c e  
I ~ e n e f i c . i a l  cornpr-essive s t r e s s e s  e q u a l  t o  a t  l e a s t  'X% u.f t h e  ul t i m a t e  
c;t;.rerigt:l~ o f  t he  m a t e r i a l .  

J e t  errgi.ne d e s i g n e r s ,  faced w l .  tt? t h e  i?,clcled prsble i i i  i 3 . i  r-eclucing 
wel .y l .~t ,  I..\s;e 9 h a t  peening e:.:tensl.vely, b u t  , there a r e  s t i l l  many 
o~:)~:)t:)u,..ti..\ni.ties ka a p p l y  t:.tic pr-oc:ess t n  nun--f I .y i .ng r o t a t i n g  mactvinery. Some 
!i;~lzemr\ and gas .tt..\rbine rnar~~\ fac ter rcs  act:ual . ly have t h e i r -  b l a d e s  and d i s k s  
re-.peenecl a t  each uvet-haul. i n t e r - v a l  t a  r e s t o r e  t h e  fat. igcre l i f e  t o  t h e  
o r i g i n a l .  (ac; manufac tured ) l e v e l .  The economics o f  t h i s  p r a c t i c e  f a r  
ou twe igh  t h e  modest c o s t  o f  t h e  r e j  u v e n a t i a n  s h o t  peen ing i n v o l v e d .  
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C-IUW FCI I LURES HCIPF'EN 
M~~~-~ -~ . - -% , ; \ t , : ~c r~ ,  i s  alway~: khe r e s u l t  o f  c y c l i c  t e n s i l e  st r -esses a c t i n g  

r..r(::lun a  l::,art and most o f t e n  s t a r t s  as a  m inu te  crac!:: o r i g i n a t i n g  a t  an area 
r:,? t e n s i l e  s t r e s s  concen t ra t i on  a t  t h e  s u r f a r e .  Design o f  t u r b o  machinery 
c::~ml:~ol.)er~ts i s  u s u a l l y  a  cmnpt-omise between fcrt1etjbnal requ i rements  and 
rec9~~c:.ing !stress c:urrc::ertratior)s. RecJr.cc,iny 'mass i s  a.l.sa an a1 1--, importan t 
t:or.\%itjer-a.I-..i.c~n b u t  i t  a c t s  i n v e r s e l y  t o  i nc rease  a p p l i e d  s t r e s s e s  and 
!i;tre!ss c:arrcerrtrat,iar?s when th inner.  sec t i a n t  a r e  chasers. Unf o r t u n a t e l y  , 
wlwu ,t:he c les iy r~er  i s  f . i .n is l~ed,  he has l i t t l e  o r  no c o n t r o l  aver  t h e  
inancrTac:izure c3.f t h e  part:, which can a c t u a l  l y  have a  ve ry  n e g a t i v e  e f f e c t  on 
,the l.i:fe (2.f t h a t  p a r t .  Erc~ac h ing  l i n e s  i n  t h e  f i r - t r e e  s e c t i o n s  or- year  
.I:.cmth r o o t s  a r e  s i t e s  o,f p o t e n t i a l  , f a t i gue  crack:: i n i t i a t i o n .  Sharp 
t::nr..ner..$;, b a t h  i n s i d e  o r  cxrtside, have s i m i  l a r  e.f f e c t s .  G r i nd iny  o f  b lade  
~:sr,.o'f'i l e s  irrkr-aduces res idua l .  t e n s i l e  s t r e s s e s  i n t o  t h e  s u r f a c e  t h a t  can 
eclr.~al t he  y i e l d  s t r e n g t h  o.f t h e  m a t e r i a l ,  reduc ing  f a t i g u e  s t r e n g t h  
cJtafnatic:ally and mak::iny t h e  p a r t  h i g h l y  s u s c e p t i b l e  t u  st r -ess c o r r o s i o n  
c:t-ac:b:ing. Welding o,f t i e  w i res  at- m i d - s i p a n  s u p p ~ r t s  c rea tes  a iiiiiiiber- o f  
dei-.rifnentaI e f f e c t s  a l  l i n  t h e  heat  a f f e c t e d  zone: extreme r e s i d u a l  
,k:.en!i;i l e  str-ecsses; b r i t t l e  ~ r r ~  tempered meta l  immedia te ly  ad jacen t  t o  an 
anr,\eal.ccl zone; par-txsity; a mechanical s t r -ess r i s e r  --. a1 l a f  which, 
r,tr,rizr,.ea.tred, c:untr-ibute tn r-educe f a t i g u e  and s t r e s s  c o r r a s i o n  r e s i s t a n c e  t a  
h a l f  c)r l e s s .  E l e c t r a  d ischarge  machin ing ( € D M )  car? be thought  o f  as t h e  
rever-s& ~3.f we1 d ing ,  where ma1 ten meta l  i s  remaved r a t h e r  than depas i  t e d  , 
I:mt t h e  n e g a t i v e  e f f e c t s  a t  t he  s u r f a c e  a r e  v e r y  s i m i l a r .  A f u r t h e r  
clarrger w i t h  EDM r-escrlts f ram spar!:: burns which produce spa ts  o f  ve ry  
I : , r i t . t le  urr tempered mar tens i  t e .  Even many coa t i ngs ,  designed t a  r e t a r d  
wear- ar\d/ar  c o r r o s i o n ,  can have a  d e b i  t i n g  e f  .feet urr , fa t igue  s t r p n g  t h :  
they (:an be t : ) r i ' t t l a  and themselves cause v-esidudl t e n s i l e  s t r e s s e s  i n  t h e  
!i;t.tr.face, b o t h  problefns c o n t r i b u t i n g  t a  e a r l y  f a t i g u e  , f a i l u r e s  (REF. 1) . 

'Ter7s.i l e  st r -esses under- dynamic l oad ing  cause t h e  su r face  t o  p u l l  
a p a r t  i n t o  f atiqr-te cv-ac!::s, whether t h e  tensi .  l e  s t r e s s e s  a re  r e s i d u a l  o r  
a p p l i e d .  Also,  t e n s i l e  s t r e s s e s  a r e  t h e  pr ime component o f  5-t-r-ess 
r o s i n  r a : i n  t h e  other- components a r e  a  s u s c e p t i b l e  m a t e r i a l ,  an 
aggress ive  environment and t ime.  ( F i g .  1) I f  t h e  s t r e s s e s  a r e  c y c l i c ,  t h e  
,fai. l u r e s  a r e  c a l  l e d  car r -os ian fa t ique. .  When i n  a d d i  t i o n  a law ampl i t u d e  
f r - i c t i a n  occurs  ( a s  i n  t h e  c o n t a c t  su r f aces  o.f d o v e t a i l  s l o t s  o r  t i e - r o d  
ho1.es i n  d i s c s )  frettiAa f a t i a u e  may r e s u l t  f ram t h e  s t r e s s  c o n c e n t r a t i o n s  
clevelupecl by the ' f v ' i r t i n n ,  ( F i g .  2 )  



S~r~- fac:e  heat. . k rea t ing  pr-c?cesses (c~oc3tl examples a r e  ca r -bu r i z i ny  arid 
:i- r.1 c l  c: ,I:. i o 1-1 h a r t3 en i n (3 ) a r- e e ,f .f e  c: .t i v e :.L n  i rr t. t- o d u cn i n y r e s i. d Lr a l. s u r f a  r: e 
c: (3 (I, 1:) I:,, e $5 ci; i. v e $3 ,tr r,, e  s s e s a 1.1 c l  a  r- e o .f t en  c.t s e trl on g t? a r s an r.l s l r  a  f t s bu t r i  n t a 1 3. 
cn (E ,I:, a l !iii c an I:) e I 1  e a . t  .t r e a .t e cl i. n ,k li i s w a y  , R o l l l. n g (3 .f t he s r.t r .F a c-, e , Lr s  .i. n  g  
!i;l::,er:ial. .tcmls, al.sc:) pr-oduces c:umpr.essive st.r-ess b u t  r-tsl l i n g  i s  yeametr-y 
(:j(:2l:,end(:?1"1~t:~ ~..\sr..ral.ly :I..irn.i%ecl t o  f i l l e t ! a  c?f c y l i n d r i c a l  p a r t s .  Shot peening, 
wlie~-.e a p a r t  i s  bombarded by m i l l i o n s  o f  t i n y  sp,heres o f  s t e e l ,  g l a s s  or- 
ceramic,  has a s i r n i l a r  s u r f a c e  d isp lacement  e f fe ,c t  as i n  r o l l i n g  b u t  i t  i s  
e f f e c t i . v e  c~n pu..ac_tic:::al.l.y any meta l  and ariy geometr-y. 117 f a c t ,  many ve ry  
harcj car-bur ized a r -  i r iduct icm hardened p a r t s  a r e  sho t  peened t a  f u r t h e r  
i nc rease  the r e s i d u a l  compression. Shot peening i s  so v e r 9 a t i l e  t h a t  i t  
has been used e f f e c t i v e l y  on €30 , f t  ( 2 5  m )  s t e e l  col.~\mnr; o f  a  95,000 t u n  
,for-ging press ancj an t i n y  s p r i n g s  0.f O . C ) l O  i n c h  (0 .25 tnm)  w i r e  for- 
k e l e v i s i o n  tuners  . 

I n  tur-b(t) machinery, t h e  mast examples come ,from t h e  a i r c r a f t  j e t  
engines where a  c:arnt~inat. ia~~ o f  l i g h t  we igh t ,  h i g h  s t resses ,  aggress ive  
en.viranment arid pro longed s e r v i c e  l i f e  demands t h e  utmost  .from m a t e r i a l s  
ancl desi.grrs Shot peening i s  used on p r a c t i c a l  1  y  every  r o t a t i n g  
campressnr. park ,  as w e l l  as many c3-F t h e  3tati.anav.y ccmpmcr~ ts .  I:; the  hot 
kut-birre sec. t ion,  many par- ts  a r e  a l s u  peened s i n c e  t h e  m a t e r i a l s  used a r e  
capable o f  I * -e ta in ing  t h e  cumpr-essive s t r e s s e s  a t  h i g h  temperatures.  Even 
1:Jartr; designed for.  temperature% t h a t  e:,(ceeci t h e  s t r e s s  r e 1  i e f  l e v e l  a r e  
a f ter?  peened t o  negate s u r f a c e  res idua l .  t e n s i l e  s t r e s s e s  t h a t  can cause 
sthar-mal micro-cr-at!::% d u r i n g  t he  f i r s t  hea t  c y c l e ,  p a r t i c u l a r l y  i n  areas o f  
weld r e p a i r s .  ( F i g .  9 Ref .  3 )  Shot Peening i s  a l s o  used ve ry  e f f e c t i v e l y  
an sur.faces t h a t  have been EDM'd and an sur-.faces t h a t  w i l l  be sub jec ted  t o  
ther-rnal meta l  sprays or- o t h e r  farms o f  c o a t i n g ,  i n c  l ~ r d i r i g  e l e c  t r w p l a t i n g  
(Re f .4 )  

S t a t i o n a r y  gas t u r b i n e s  and t u r b o  compressors have same advantages 
over  a i r c r a f t  eng ines i n  t h a t  they opera te  under l e s s  s t r i n g e n t  s e r v i c e  
c o n d i t i o n s .  Because they r u n  a t  a  cons tan t  speed, harmonic v i b r a t i o n s  car) 
be .tuned u u t ,  f o r  i ns tance ,  and we igh t  o f  t h e  companerits i n  n o t  such a 
c r i t i c a l  ca r i s i de ra t i an .  Neverthelecjs, t h e  s e r v i c e  l i f e  o f  many p a r t s ,  
n o t a b l y  b lades and d i s c s ,  i s  improved s i g n i f i c a n t l y  by sho t  peening f a r  
many o f  t h e  same reasons c i t e d  above. Steam t u r b i n e s  a r e  i n  t h e  same 
ca tegary  w i t h  t h e  a d d i t i a n a l  hazard o f  water  d rop  e ras ion ,  w.hich can be 
aktenuated by . increased s u r f a c e  hardness a,f t h e  b lade  m a t e r i a l .  The 
a ~ r s t e n i t i c  s t a i n l e s s  s t e e l 3  o f  wh ich t h e  l a r g e  steam t u r b i n e  b lades a r e  
made, work:: harder) we1 1  under c o l d  impacts  and sho t  peening . i s  t h e  i d e a l  
P Y " O C P J ~  to !supply t h i s  aner'gy, A t  t tw %&me t ime,  th@ r a s i d m l  compretsisive 
s t r esses ,  induced by t h e  s h o t  peening, lessen t h e  danger a f  f a t i g u e  c racks  
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FATIGUE LIFE RESTORATION 
R I  I m e t a l  par-ks, wtic3tlrer s h o t  peened o r  n o t ,  have a , f i n i t e  . f a t i g u e  

I. i:fe i f  t.1-te s e r v i c e  I.uad:s a r e  h i g h  ertnugl.1, wh ich  i s  (,general l y t h e  case i n  
.kur-bc~mac:hi,r,\e~y. Even tua l  l y ,  even a s h o t  peened surfac:e, ~ r r i d e r  a h i g h  
er~ough I.c)ad and sr.\fSFicr:i.ent c:yc:les, w i l l ,  l o s e  t h e  cnmpt-essive ~ , t r - e s s  arid 
.f::i.rral.I.y c:r.a(:::l.::. I-!cswever, n * , t w o t  peen ing a t  o v e r h a u l  w i l l .  re5store t h e  
(1:: a cn p r,, e !is !:i 1. v @ ~6 .t r- en; !is 1  a y  @ r . ,t: o 1. % s c.2 r  .i g .i I-r a  I v  a I c.r e b  (? c a  r.t !s e s  h c~ t.: p  e  e  n  i r i  q  y i e  l d  s  
,the !:jurface o f  ,the met,al. c~acl.1 ,t ime t h e  p a r t  i s  repcened. T e s t  have shown 
t h a t  wlterr p a r t s  a r e  repeened beTor-e t h e i r -  f a t i g u e  l i f e  i s  crsecj up  (i , e m ,  
1::)efuu-e a cr-ark: has s t a r t e d )  , then t h e  fat:igr.re l i f e  can be r e s t o r e d  t o  what 
.i.s t4as w l - \en  ,khe p a r t  was peened for- t h e  , f i r s t  t i m e .  I f  t h e  p a r t  was r i o t  
pee~red dui'"ing c ~ r i g i r i a l  manu. factur ing , 'khen i t  w i  11 ac: kt-ral l y  have much 
gr,.ea.l.cer. f a t i q u a  I l:fe a f k e r  b e i n g  peened a t  o v e r h a u l  . I t i s  a b s o l u t e l y  
r)ec:e!ssatp,y, c3.f ccxrr~ict;, ,trliak t h e  p a r t s  be subject:.ecl t o  a  dye p e n e t r a n t ,  
magnetic: p a v t i c  l e  o r  s i m i  l au- i nspec  t i o n  t o  de ter -p ine  t h a t  n u  s e r v i c e  
(:- .. r. a . c.. .. I.. ..s a re  ~::)resenk be,fc:)u-e peening.  ( F i g .  '7)  

L .  

THE SHOT PEENING PROCESS 
!3hu'lt peen ing , r J r  " inrpac t p r e s t r e s s i n g "  as i t  i s  becoming i n c r e a s i n g  1 y  

I,::nown , fo r  t h e  p reven t i cm of mekal , F a i l u r e s ,  reqt..rires t h a t  t h o u g h t  be g i v e n  
,kc) each a f  t h e  ,801 l o w i n g  i t e m s :  

a  What i s  trhe a n t i c i p a t e d  ur h i s t o r i c a l  mcJe o f  .f a i  lccre? Examples 
a r e  f a  C-...i.g~re ( benclirrg , a x i a l  , t o r s i a n a l  : h i g h  o r  low cyc 1e )  s t r e s s  
co r~~-c~s i , r :~n  (:rac:C::ing!, ca r t -#%inn  f a t i g u e ,  c o n t a c t  . f a t i g u e ,  f r e t t i n g ,  
g a 1. l i n  g , e ,t:, c . 

. o  What i s  t h e  m a t e r i a l  r3.f t h e  p a r t  t o  be peened? I t  i s  s t e e l  
(no rma l ,  h i g h  s.krer iy th a r  s t a i n l e s s )  , t i t a n i u m ,  alumirr~rm, h e a t  
resi!s.t:.an.t a l I . o y s ?  o t h e r s ?  M i 1 1  i t  !;r>rL!: !w.rden? 

o What i s  t h e  c:onditicm o f  t h e  s u r f a c e ?  I t  i s  as c a s t  o r  , forged, 
u-auqli maclhined, smooth ground,  p o l i s h e d ,  EDM' D, chem-mi 1  l e d ?  (Re.fs. 
b , ' 7 ,  ez a )  

o  Ore t h e  s t r e s s e s  o n l y  a p p l i e d  i n  s e r v i c e  o r  at-e t h e r e  r e s i d u a l  
s t r e s s e s  preserik .from g r i n d i n g ,  q u e n r h i n y ,  we ld ing ,  p l a t i n g ,  fo rm ing?  

o Docs t h e  p a r t  yeucnetr-y and/or  c o a t i n g  c r e a t e  s t u - e s ~ j  concen t r a -  
t i c ~ r ~ s ' ?  Ore t h e r e  ,f i l l e t s ,  h a l e s ,  changes i n  c r o s s  sec t i a n ,  machined 
c~r. b r i t t l e  suuface~:? 

o  What i s  t h e  s e r v i c e  errviranmerrt? I t  i s  n e u t r a l ,  c o r r o s i v e ,  
a b r a s i v e ,  h i g h  a r  low ternpet-ature? 

o Does t h e  p a r t  have v e r y  t h i n  s e c t i o n s  o r  s m a l l  h o l e s  t h a t  r e q u i r e  
peen ing? 

Shc~ t  peen ing parameters  w i  11 be based upon t h e s e  c o n s i d e r a t i o n s .  
Wh i le  space w i l l  n o t  a l l o w  each o f  them t o  be addressed i n  d e t a i l ,  t hose  
%ha% have p a r t i c u l a r  a p p l  i r a t i a n  t o  tu rbomach ine ry  a r e  d i s c u s s e d  below. 

I m p a r t  p r e s t r e s s i n g ,  as  t h e  name i m p l i e s ,  produces i n  t h e  s u r f a c e  o f  



'The d e p t h  elf .the campressed l a y e r  i s  a f u n c t i o r i  o f  m a t e r i a l  hardness 
ancl .the I.::inetie:: energy  d e l i v e r e c l  by t h e  sho t .  A v e r y  e l e g a n t  and s i m p l e  
!;ys,tcm a f  c:oupc~rrs was developed by J . U. Fjlmen t h a t  combines t h e  e lemen ts  
c3.f ,the I . : : i ~ ) e t i c  energy  t h a t  i s  t r a n s f e r e d  t h e  p a r t :  shot  s i z e  (mass) ,  
v e l o r . i . t y  a n c l  a n g l e  c ~ . f  irnpirigement. (F. iys.  €3 8 7 )  T h e  coupons o r  Almen 
!s t . r - i .ps  a r e  measured a f t e r  peening and t h e  amount nf c u r v a t u r e  can be 
~-~:?l. a t e d  t c o  t h e  d e p t h  o'f compression i n  a  m a t e r i a l  o f  known hardness.  
p \c..peatal:~i l i t y  0.f t h e  compressed layer is ,thus asc,urec?. T t is a b s o i u t e i y  

esii!t;ent:..i.a1. t h a t  a l l  t h e  s u r f a c e  uf t h e  c r i t i c a l  a r e a s  e3.f the p a r t  be 
itnl::)acted by t h e  a c t i o n  (3.f t h e  9hot:. CJr? s n L f t  m a t e r i a l 2  t h i s  can be 
d(:<?t.ermir.,ecl v i s u a  1  l y  uncler 1 0 X  magrr i . f  i c a t i n n  b u t  an ha rd  m a t e r i a l s  o r  a r e a s  
o f  . t l i f f  i c u l  t v i s u a l  acc:ess, t h e  use o f  s p e c i a l  l y  f o rmu la ted  f l n r e s c e n c e  
t r a c e r  l a c q u e r s  .its h i g h l y  r-ecntnmended ( R e f .  9 b 10) .10(:)% coverage i s  
p a r t : . i c u l a r i  l y  c r i t i c a l  i n  t e n s i l e  s t r e s 9  c a r - r s s i a n  c r a c k i n g  s i t u a t i o n s .  
C:ovt?rage, oSf caur-sc, i s  a  fc rnc t ian  nf p a r t  e:.:pnsure t o  t h e  shot: s t ream and 
i t  f a l l o w s  . t h a t  o n l y  autmnatad machines make p o s s i b l e  t h e  r e p e a t a b i l i t y  o f  
t h i . ~  paramt:tt:.er . 



.. " 
I l.le c:ocnputet- c,ontv-oll.et:j shn t  peening mar:h.ines a re  equipped t o  

c:a~t.t:.i.nut-t!iiiS.y man i t a r  or.. determine t h e  parameters l i s t e d  below: 

A )  Shot ,fl.csw f a r  earl.? nozz le /whee l .  I ,  

E) Ai r . .  pressr.Ave and a i r  f 1 . o ~  f a r '  each naza1.e. 
I:: ) I :?utat iun speed .f o r  each peening wheel . 
D )  Speed and p a s i t i o n  o f  t r a n s l a t i o n  o f  n o z z l e ( s )  /wheel ( s )  i n  

each a x i s  mut ian.  
E) Sequent.ia1 ope ra t i on  o f  n o z a l ( ~ ? (  s )  /wheel ( 5 ) .  
F )  Speed and p o s i t i o n  a.f par-t  r o t a t i o n  and t r a n s l a t i o n ,  i n  each 

a x i s  u'f mnt ion.  

I t e m s  DYE::, ancl F a r e  c o n t r o l l e d  by t h e  compcrter, which a l s o  has t h e  
a b i l i t y  t o  record ,  i n  hard copy form, t h e  above parameters f o r  each p a r t  
i n  each l o t  t h a t  i s  shot. peened. The computer i s  pr-ugrammed to i n t e r c t p t  
t h e  pv.oc_esci.ing c:yc:le a u t n m a t i c a l l y ,  within seconds,  he:: any rjf L L - - -  C I  I E  

e!stabl. ishecj 1 i r n i t s  a r e  exceeded. 1.f t h e  c y c l e  i s  abor ted,  t h e  computer 
w i l  lv-ek(3.i.n i n  memory and car7 p r i n t  c s u t  t h e  a h a r t  d e t a i l s .  It i s  a l s o  
capat l le  a f  r-esuming caper.ations t o  complete t h e  balance of  t h e  process 
c y c . l e ,  when t:.he out: .- .of- l imit  c o n d i t i a r l  has been co r rec ted ,  
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. 
AS METHOD OF AVOIDING CATASTROPHIC FAILURES IN TURBO - MACHINERY. 

NOTE: FIGURES WILL BE INCORPORATED IN BODY OF TEXT ON FINAL COPY. 

FIGURE 1. 

FIGURE 2. 

I I I I I I 
10' 10' 108 10' 

CYCLES TO FAILURE 

F I G . 2  ROTATING-BENDING FATIGUE 
CURVE FOR 0.2C STEEL. CEEZ) 

F I G .  3 WHY SHOT P E E N I N G  

131 WORKS. 

I. Impact of a high speed pellet creates a dimple of diameter "0: The depression 
is about 1/10 D. 

2. The surface is stretched by the impact. The depth of the stretching is 
approximately '0". 

3. The "not stretched' core exerts a compressive force in attempting lo restore 
the surface to its original condition. 



F I G U R E  4 .  



F I G U R E  6 .  

F I G U R E  7 .  

S T R E S S  D 
STRESS y ,  T ~ t o N ~ . l  , c c ~ p u E ~ ~ l c ~  v , 

UTION I N  A  METAL 

1. Bar under applied load, showing -Y;:-'-- RESULTANT STRESS 
BAR. 

dangerous tensile stress on '. --. 
upper surface. . - - - -  ------. 

131 'L- - - -  - ---, 

-? 2. Bar after shot peenlng. High 
residual compressive stress is shown on upper and lower surfaces. 

3. Shot peened bar under same applied load exhibits resultant stress which is 
the summation of the residual compression and the applied tension. Note that 
now the stress on the upper surface remains safely in the compressive zone, 
even through a hioh tensile stress has been applied. 

F I G  .g e F E S S I O N  O F  FATIGUE ---- 
DMlAGE O F  INCONEL 315C 
TURBINE BLADES BY SHOT 

P E E N I N G .  ( m a  2) 



F I G U R E  8. 

121 , h ~  ~ C I  

Fig .  $ THE S110'1' STRISAM LEAVES RESIIIUAL STRESSES THAT MAKE TllE ALMEN 
TEST STRIP  ARC11 UPlJARDS . TllE ARC HEIGHT SHOWS PEENING INTENSITY. 

F I G U R E  9. --. -.-.- 

THE HARDER THE MATERIAL B E I N G  

PEENED,  THE SHALLOWER THE DEPTH 

O F  THE COMPRESSIVE S T R E S S  LAYER 

RESULTING FROM P E E N I N G  AT A PAR- 

T I C U L A R  I N T E N S I T Y  (ARC H E I G H T )  . 


