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A B S T R A C T  

T h e  present research aims at  obtaining a theoret ical  solut ion on basis o f  actual  measurements 

o f  residual stress by shot peening. Firstly, it was conducted t h a t  residual stress on  two  di f ferent 

s t rength o f  p la te  specimens have been shot peened are measured by X-ray d i f ractometer  and 

t h e  effect o f  a few type  o f  shot peening condit ions on profiles are conf i rmed. T h e  equat ion t o  

s imulate profiles was obtained by t he  superposit ion method  o f  s imple three stress, based on 

t h e  equat ion t h a t  Y .F .A l -Oba id  suggested. It was conf i rmed t h a t  t he  predicted stress profi le 
shows good  correspondence w i th  experimental value in case o f  every shot peening condit ions 

in th i s  study. 

K E Y W O R D S  

Residual stress, Sho t  Peening, Simulat ion 

I N T R O D U C T I O N  

In recent years, au tomot i ve  structural  parts have become compact  in accordance w i t h  s t rong 

demands fo r  l ight  weight .  In order t o  enhance t he  performance o f  machines, steel components  

have been shot peened( l ) .  It is generally recognized t ha t  one o f  t h e  reason for  improvement  

on fa t igue  durabi l i ty by shot  peening is surface compressive residual stress(2). And  a shot 
peening condi t ion decides a residual stress profi le on surface layer. However, now most  popu- 

lar i ty method  t o  conf i rm t h a t  profiles is only measurement by X-ray di f ractometer.  
In th i s  study, a simulat ion technique was applied t o  predict  t h e  residual stress distr ibut ion by 

shot peening. Firstly, i t  was conducted t h a t  residual stress on t w o  di f ferent strength o f  plate 
specimens have been shot  peened are measured by X-ray d i f ractometer  and t h e  effect o f  a few 
type o f  shot  peening condit ions on profiles, shot diameter and shot velocity and peening t ime,  

are conf i rmed.  T h e  equat ion t o  simulate profiles was obtained by t h e  superposit ion method  o f  
s imple three stress, based on t h e  equation t ha t  Y .F .A l -Oba id  suggested(3). It was conf i rmed 
t h a t  t h e  predicted stress profi le shows good  correspondence w i t h  experimental  value in case 

o f  every sho t  peening condit ions a t  this study. 



E X P E R I M E N T A L  PROCEDURE 

T h e  tested plate specimens(50 m m  wid th  50 m m  length and 10 m m  thickness) were made 
of S50C carbon steel. T w o  kinds of specimens were prepared t o  clarify the  di f ferent o f  t h e  

max imum com pressive residual stress on mater ial  s t rength.  Firstly, after machine f in ishing, 

t h e  specimen was annealed by holding 720 "C fo r  l h  fol lowed by gradually cool ing a t  vacuum 

furnace. Secondly, specimens were austenit ized a t  870 "C for  l h  and oil quenched. Temper ing 
t rea tment  were performed a t  320 "C for l h .  Consequently, t h e  hardness o f  annealed specimens 

was HV220  and quenched and tempered specimens was HV550 .  Sho t  peening was conducted 

by means o f  t he  cent r i fugal  t ype  machine w i th  shot velocity o f  40 m/s  and 8 0  m / s .  Shot  
peening media were rounded cut  wire w i th  a diameter o f  0 .3  m m  and 0.9 m m  a t  t he  hardness 
o f  H V  700. And  peening t ime  was decided t o  obta in  the  same coverage 100% . In case o f  

using 0.3 m m  dia, peening t i m e  were 60 s and 120 s fo r  0 .9  m m  dia. 
T h e  surface residual stress o f  specimens after shot  peening was measured by X-ray d i f f ractmeter  
w i t h  20 - sinqir, method .  Stress distr ibut ion was obtained by repeat ing t h e  X-ray measurement 

and electrochemical pol ishing successively. 

E X P E R I M E N T A L  RESULTS 

Fig.1 shows residual stress distr ibut ion o f  bo th  s t rength specimens after shot peening. Max-  
i m u m  residual stress value sl ight ly increase w i th  increasing diameter o f  shot media. And  t h e  
effective layer by shot peening also increase. O n  t h e  other  hand, max imum residual value o f  

quenched specimens are twice t ha t  o f  annealed specimens. Th i s  results showed approximately 
similar t o  those o f  o ther  studies(4) which concluded t h a t  max imum compressive stress value 

depend on  t he  yield s t rength of 'mater ia l .  T h e  effect o f  shot velocity on residual stress distr i -  

but ion contr ibutes t o  effective layer, however, no t  t o  max imum value. 

T h e  effect o f  peening t ime ,  which is equivalent t o  coverage, on distr ibut ion shows Fig.2. As 

t he  same o f  above results about  shot velocity, max imum value is almost same in case o f  di f -  

ferent coverage. And  effective layer increase w i t h  increasing coverage. 

M E T H O D  O F  T H E O R E T I C A L  SIMUL-ATION 

T h e  deoth o f  effective laver 

O n  t h e  basis o f  t h e  Hertzian model o f  normal  impac t  o f  a spherical hard particle on  a f l a t  
surface, t h e  relat ion between depth o f  plastic zone ( l z , , )  and radius o f  particle (12)  and depth 
o f  dent ( Z )  was defined by Y .F .A l -Oba id (3 )  as fol lows : 
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hand, we assume t h a t  when a spherical projecti le indents a medium exhib i t ing a 
behavior, t he  resistance t o  i ts  mot ion  may be represented by an average pressure 
contact  zone, thus t h e  equation o f  mot ion  o f  t h e  projecti le is 

where M is mass o f  part ic le,  p is density, a is radius o f  contact  zone and Y is a yield s t rength 
o f  mater ia l .  B y  means o f  neglecting f r ic t ion inert ia o f  t he  mov ing  meta l  ahead and strain 

hardening, eq.(2) may be integrated in te rm o f  t h e  penetrat ion t o  give 



where z is t h e  f inal  indentat ion and v is the  ini t ia l  impact  velocity. Here, we assume t h a t  stat ic 

condit ions sti l l  hold in t he  range o f  impact  velocities and dynamic indentat ions which have 

t h e  same value as those obtained f r om  stat ic tests produce similar plastic zone. T h e  fo l lowing 

equat ion is rearranged by subst i tu t ing eq.(3) i n t o  eq . ( l )  

F ig .4  shows t h e  relation between lef t  and r ight  hand te rm o f  eq.(4),  obtained f r o m  t h e  rear- 

rangement o f  our  experimental  data in past. Consequently, by means o f  solut ion o f  m in imum 

square method  a b o u ~  above data,  weqget t he  depth of,the plastic zone as 

which is some empirical equat ion obtained by dimensional analysis o f  various experimental  

results. 

Residual stress d is t r ibut ion bv shot  pee ti in^ 

I t  is generally recognized t h a t  there wi l l  be a plastic zone constrained by an elastic f ield un- 

der impac t  spo t .  A f te r  rebound o f  each shot t h e  plastic zone interacts w i t h  the  elastic field 

resul t ing in a residual stress. T h e  fol lowing assumptions have been made in work ing ou t  t h e  

theory o f  s imulat ion o f  residual stress distr ibut ion. Fig.5 shows schematic i l lustrat ion o f  three 

simple stress for  our assumptions. In case o f  th i ck  plate, we can see t h a t  s t re tch ing o f  t he  

peened surface causes t h e  sheet t o  develop a spherical curvature, convex on the  peened side. 

However, there occurred the  axial strain in n e e n e 2  rLL,,LU n l ? + e  r," L L .  i n  t he  next place, t he  bending 

stress as showed f igure have been needed t o  return t o  original plate,  So, t h e  residual stress 

distr ibut ion, in a th in  plate,  may now be considered t o  be t he  results o f  fu r the r  addit ion o f  t he  

bending (TH, axial a,,, and source stress a ,  which wi l l  react t o  two  other  stresses. 
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Fig.5 Schematic i l lustrat ion o f  s imple stress for  assumption 



where Z is depth f r o m  t h e  surface. From the  experimental evidence, t he  shape o f  residual 

stress distr ibut ion in th i ck  target  can be represented by t h e  f i rst  hal f  o f  cosine func t ion .  T h e  

strain produced by t h e  source stress, which is act ing in a plane parallel t o  t he  surface o f  target,  

may be  given by : 
E 

.(Z) = -t(Z) 
1 - 1) 

(7) 

where 11 is t he  Poission's ra t io ,  E t he  Young's modulus. 

T h e  assumed cosine funct ion has a peak a t  a depth mhp below t h e  surface and may be described 
as fol lows : 

where E,,, is t he  max imum strain and for z > I?,,, t he  funct ion does no t  have a value. 

T h e  bending stress a t  depth z in a beam o f  w id th  b and thickness h subjected t o  a bending 

momen t  M is given by : 

Similarly, t he  axial stress a,,,. is given by : 
F 

o a x  = - where F = /ghp o,(z)bdz 
b I1 (10) 

Subs t i tu t ing  these in eq.(6),  we  obta in  t h e  residual stress distr ibut ion as : 
, , Ec, r 6X l i  1 1 /  z - a h p  

q t z )  = - -- (-  - zjc l  $ -c2 - - cos 'i 1 
I-/? 1 I7 2 2 2 1  ( 1 - a ) 1 l T t 1 j j  

Finally, max imum st ra in ,  c,,, in e q . ( l l )  is assumed by using the  deflection 6 a t  th in  plate target  

as fo l lowing equat ion : 

where b is t he  w id th ,  hl is t h e  thickness, L is t h e  length o f  plate target .  

RESULTS (COMPARISON O F  E X P E R I M E N T A L  RESULTS W I T H  C A L C U L A T E D  VALUES) 

Fig.6 shows t he  comparison between calculated and experimental residual stress o f  quenched 

and tempered specimens. Fur ther ,  the results for  two  difFerent coverage are shown in Fig.7.  
Here, t h e  data for t h e  calculations are : E=200GPa, shot density p = 7740kg /m3,  Poission's 

rat io 11 = 0.3 and 0 = 0.2. 
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I t  is seen t ha t  t he  predicted proflies approximately agree w i th  t he  common  tendency found  in  

measured residual stress distr ibut ion at  bo th  f igure. 

CONCLUSION 

T h e  residual stress distr ibut ion about  t w o  types o f  strength for S50C carbon steel, which 

peened a t  each condit ions, were measured in order t o  conf i rm t he  effect o f  shot  peening con- 

di t ions on stress distr ibut ion. Further,  t h e  predicted equation t o  simulate t h e  residual stress 

profiles was obtained by t he  superposit ion method  o f  simple three stress, based on t he  equat ion 

t h a t  Y .F .A l -Oba id  suggested, concerning on  t h e  basis of experimental results. T h e  summary 

1s as fol lows: 

Useful expressions are derived for  res~dual  stress distr ibut ion and t he  predictions are founded 

t o  be in  reasonable agreement w i t h  experimental results. T h e  effect o f  shot peening condi t ion 

on stress profi le, which obtained by the  results o f  calculated and experimental  value, shows 

approximately similar t o  those o f  other 'studies. 
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