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SHOT PEENING, 
A NIKU-LARI 

H Fuchs - 
This  f i n e  comprehensive paper shows many da ta  on shot  peening e f f ec t s  i n  r e l a t i o n  
t o  t he  peening i n t e n s i t y .  I t  would be ve ry  des i r ab le  t o  adopt a uniform nomen- 
c l a t u r e  f o r  i n t e n s i t y .  

The paper uses t he  fo l low ing :  
- Arc he igh t  i n  nnn (F igures  1, 5, 14) 
- Numbers l i k e  "56AZU F igures  2, 6, 7, 9, 11) 
- A number "F 0,30 Nu /page 21) 

As the  Almen i n t e n s i t y  and i t s  des ignat ion  a re  we l l  de f i ned  i n  t h e  SAE standard J 
442 119821 and have been w ide l v  used f o r  more than 25 years, i t  would seem bes t  n o t  
t o  i r k r o d i c e  o the r  u n i t s  which-can on l y  l ead  t o  confusjon between "20" as 0.20 mn 
and "20" as 0.020 inches. 

The Almen i n t e n s i t y  i s  a number obta ined i n  a standardized manner, l i k e  Br ine11 
hardness. It need n o t  be g iven  i n  m i l l i m e t e r s  o r  inches.  Assuming  t h a t  f o r  con- 
venience i n  con t i nen ta l  Europe one pre fe rs  d i a l  gauges read ing  i n  increments of 
0.01 mm, i t  i s  easy t o  conver t  these t o  Almen i n t e n s i t i e s  by n o t i n g  t h a t  0.10 mn 
a rc  he igh t  on an A - s t r i p  corresponds t o  4A, 0.20 mn t o  8A etC. 

A Niku-Lar i  

The SAE-j442 Standard i s  an American Nat iona l  and n o t  an I n t e r n a t i o n a l  Standard. 
There a re  some o the r  Nat iona l  Standards i n  o the r  count r ies .  

F0.30N corresponds t o  t he  French Standard and means 0.30 mn,arc he iqh t s  measured 
on a Almen specimen type  N. 56A2 o r  56A corresponds t o  t h e  i n t e r n a l  standards of 
many companies i n  Europe and Asia, and means 0.56 mn arc -he igh ts  measured on a 
Almen specimen type-A. 

To prevent  a l l  misunderstandings I t h i n k  i t  i s  necessary t o  c rea te  a r e a l  I n t e r -  
na t i ona l  standard on shot-peening. I propose t h a t  t he  ma t te r  should be discussed 
i n  t he  nex t  meeting o f  t he  I n t e r n a t i o n a l  S c i e n t i f i c  Comnittee. 



Thank you very  much f o r  your  convers ion datas which a re  very  use fu l  f o r  t he  p ro-  
ceedings. 

H Fuchs - 
Page 18. The increase i n  f a t i gue  l i m i t  from 132 t o  165 looks  good, b u t  t he  i n -  
crease i n  l i f e  seems r a t h e r  low. I s  t he re  a typographical  e r r o r ?  The degree o f  
coverage "neant" i s  most myster ious.  Does i t  mean t he re  was no coverage a t  a l l ?  
O r  t h a t  i t  was n o t  measured? 

A N iku-Lar i  

The l i m i t e d  increase i n  f a t i g u e  l i f e  may be due t o  t he  f ac t  t h a t  t he  shot peened 
area was o n l y  t he  flamed c u t  sur face which has a very  poor sur face  cond i t i on .  I n  
t h i s  case shot-peening does i n  f a c t  increase the  f a t i gue  l i f e ,  b u t  one cannot expect 
any m i rac l e  from it. Shot peening cannot cancel manufacturing de fec t s .  

HISTORY OF SHOT PEENING, 
P E CARY 

H Fuchs 

I t  may be use fu l  t o  add a few words about the  o r i g i n s  and e a r l y  development of i n -  
d u s t r i a l  shot  peening. 

A1 though t he  e a r l i e s t  pub1 i c a t i o n  (Foeppl , 1929) and t he  e a r l i e s t  pa ten t  appl i- 
c a t i o n  (Vorwerk, 1934) were found i n  t he  German l i t e r a t u r e ,  i t  seems t h a t  t he  
process f i r s t  was app l i ed  i n  p roduc t ion  and developed i n  t he  Un i t ed  States, w i t h -  
ou t  b e n e f i t  of t he  German work. 

Bush, Almen, Danse and Heiss (1962) r e c a l l  t h a t  about 1928 t he  se rv i ce  l i f e  o f  
va lve  spr ings  was a sub jec t  o f  concern. Var ious methods of c lean ing  were t r i e d .  
Danse a t  C a d i l l a c  and Heiss a t  Buick observed t h a t  spr ings  cleaned by shot  b l a s t -  
i ng  were c l e a r l y  super io r .  A change request  by C.A. Chayne of Buick, dated 
12-3-30, reads i n  p a r t :  

"Note added: Shot b l a s t  w i t h  s tee l  shot  o f  0.30 o r  l e s s  diameter. 

Cancel note: Wire brush spr ings  a l l  over t o  remove a l l  abrasive.  

Reason f o r  change: To c lean  spr ings  thorough ly  - manufac tu rer ' s  
request . "  

The process was used i n  product ion,  b u t  t he  reasons f o r  i t s  success were n o t  
understood. Zimmerl i  (1940a) repor ted  on these e a r l y  developments, from the  s p r i n g  
makers v iewpo in t .  I n  a summary of t h i s  paper (1940b) he s t a r t s  by saying, "Shot 
b l a s t i n g  has done more t o  increase f a t i gue  l i f e  of our small spr ings  than any of 
the  a l l o y  s tee l s  ever used." 

J.O. Almen, i nven to r  o f  engines, transmissions, and many o the r  devices,  then 
devoted h imse l f  t o  t he  i n v e s t i g a t i o n  of shot peening. He t o l d  me t h a t  he changed 
from i nven t i ng  mechanical devices t o  t he  study o f  f a t i g u e  l i f e  improvement because 
he was t i r e d  of having h i s  designs second-guessed by adm in i s t r a to r s .  He soon pro-  
claimed t h a t  r es i dua l  s t resses  (se l f -s t resses)  were t he  cause o f  t he  improvement, 
t h a t  s t resses cou ld  n o t  be ca l cu la ted  from loads and geometry alone, and t h a t  
fa t igue  cracks would n o t  propagate unless t e n s i l e  s t resses were present .  (Almen, 
1951). 



During the  war, 1941 t o  1945, shot  peening spread f rom the  automobi le i n d u s t r y  t o  
the  a i r c r a f t  i n d u s t r y  and o thers ,  l a r g e l y  through t he  miss ionary  work o f  Almen 
whose e f f o r t s  were supported by a government g ran t .  He s t a r t e d  t h e  SAE committee 
on shot peening i n  1943 and was i t s  gu id i ng  s p i r i t .  I n  1944 John Straub, one o f  
Almen's ass i s t an t s ,  t r ans fe r red  from General Motors t o  Wheelabrator Corporat ion t o  
work on us ing  t h e i r  machines f o r  shot  peening app l i ca t i ons .  

Almen's views were unorthodox a t  t he  t ime,  and s t r o n g l y  r e s i s t e d  by some academics. 
But they  p reva i l ed  and were even tua l l y  l e g i t i m i z e d  through t he  development o f  
f r ac tu re  mechanics. 

By 1950, twenty years a f t e r  i t s  beginnings,  shot  peening was we l l  accepted and 
discussed i n  engineer ing handbooks. (Almen 1950, Horger 1964). 

Peen forming was developed about 1950 when Lockheed designed the  Super-Constel- 
l a t i o n ,  us ing  sk i ns  on which t he  s t i f f e n i n g  s t r i n g e r s  were i n t e g r a l  p a r t s  of the  
sk in,  machined from a t h i c k  p l a t e  o f  aluminum. Forming such sk i ns  i n  presses i s  
n o t  p r a c t i c a l .  Borger (1955) conceived t he  idea  o f  peen fo rming  and Metal  Improve- 
ment Company designed t h e  machine and developed t he  process t o  peen form the  wing 
sk ins  f o r  Lockheed. 
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EFFECT OF SHOT PEENING ON THE FATIGUE STRENGTH OF SMALL 
SPRING WIRE AND COIL SPRINGS, 

S HIROSE 

R G Sl ingsby 

What t ype  o f  shot peening equipment was used f o r  t he  experiments? How were t he  
Almen t e s t  s t r i p s  shot  peened t o  represent  t he  spr ings? 

The peening equipment used f o r  t he  experiment was wheel t ype  (Type SCB-20, manufac- 
t u r e d  by S i n t o  Works, Japan, f o r  va r i ous  t e s t s ) .  The capac i t y  of p ro j ec ted  weight  
of shot  i s  100kgImin. The t e s t  p ieces were p u t  i n t o  a c y l i n d r i c a l  coarse cage made 
of s t rong  s tee l  w i r e  n e t t i n g ,  which was l a i d  on two p a r a l l e l  r o t a t i n g  r o l l e r s  and 
revo lved  w i t h  a r a t e  o f  6 rpm., and shot  peened. 

Three s t r i p  ho lders  were p u t  i n t o  t h e  same cage w i t hou t  t e s t  p ieces and t he  a r c -  
he igh t  was measured. Accordingly,  these values a re  n o t  those o f  a rc -he igh t  w i t h  
respec t  t o  c o i l  spr ings,  b u t  i t  would r a t h e r  b e t t e r  t h i n k  as t h a t  t he  peening con- 
d i t i o n s  a re  confirmed and t h e  steady s t a t e  of t he  processing i s  judged by these 
values o f  a rc -he igh t .  I n  t h i s  r epo r t ,  there fo re ,  a rc -he tgh t  i s  merely u t i l i z e d  t o  
show an i n t e n s i t y  of shot  peening processing. 

The measurement of a rc -he igh t  f o r  ou te r  and i nne r  sur face  o f  l a r g e  r e a l  c o i l  sp r i ng  
had ever  been done. Two l o c a l  pa r t s  o f  t h e  sp r i ng  w i r e  was c u t  away and welded 
t e s t  s t r i p  ho lders  i n  s i t u  t o  measure two values o f  arc-height ,  mentioned above. 
Then, t he  spr ing  was sho t  peened as usual. On t he  o the r  hand, t he  author  had found 
by s imu la t i on  method*which harnesses t he  s i m i l a r i t i e s  between stream o f  shot  and 
l i g h t ,  t h a t  t h e  r a t i o  of t h e  a rc -he igh t  f o r  t he  i nne r  s ide  t o  t he  one f o r  t he  ou te r  
s i de  i s  governed almost by t h e  r a t i o  o f  p i t c h  p t o  w i r e  diameter d, namely p/d, and 
i t  increases exponen t i a l l y  as exposure t ime passes. It was a l s o  found t h a t  the  
r e s u l t s  co inc i de  w i t h  t he  experimental ones t o  a g rea t  ex ten t . .  

The value of a rc -he igh t  i n  t h i s  r e p o r t  might  be r e f e r r e d  t o  t h a t  o f  c o i l  sp r i ng  
by app ly ing  t h e  s imu la t i on  method. 

M C Shame 

How do you shot  peen c losed c o i l  sp r ings  of 0.8 mn t o  4.0 mn diameter  by wheel t ype  
process i n  respec t  t o  induce proper amount o f  r es i dua l  s t resses  f o r  i nne r  and ou te r  
surface of t he  s p r i n g  w i re?  

S H i rose  

The t e s t  c o i l  sp r ings  used i n  t he  experiment were n o t  c losed ones, so t h e  inner  

*S HIROSE: "S imu la t ion  of shot  peening c o i l  sp r ings" ,  Rep. o f  t he  Cast ing Res. Lab., 
Waseda Univ., No. 26, pp. 11-19 (1975) November. 



surface of the spr ing was peened by shots which passed through gaps between c o i l  
spring wire. I f  closed c o i l  springs were shot peened, su i tab le  opening between 
c o i l  spr ing wire should be made by p u l l i n g  both ends o f  c o i l  spr ing w i t h  proper 
j i g s .  It may mean stress peening. 

I n  order t o  induce adequate residual  compressive stress for  inner and outer surface 
of the spring wire, the values of arc-height f o r  both sides should be proper ones. 
But, the values of arc-height used i n  t h i s  repor t  do not  coincide w i t h  the ones, 
above stated. Since the fa t igue f a i l u r e  o f  c o i l  spr ing s t a r t s  a t  inner surface, 
i t  must be concentrated on the arc-height fo r  inner  surface. Then, the outer 
surface may be over peened. The author hopes tha t  the r e l a t t o n  o f  arc-height be- 
tween inner  and outer  s ide w i l l  be s ta tea i n  reference t o  question 2. 

M C Shame 

How arc-height have been re la ted  from f l a t  Almen s t r i p  t o  w i re  of the spring. 

S Hirose 

The cor rec t  answer t o  t h i s  question seems t o  be very d i f f i c u l t  f o r  the author. He 
wishes t o  introduce one experimental r e s u l t  and a s imulat ion method w i t h  respect 
t o  t h i s  problem. 

The measurement o f  arc-height f o r  outer and inner  surface o f  l a rge  r e a l  c o i l  spr ing 
had ever been done. Two loca l  par ts  o f  the spr ing w i re  was cu t  away and welded 
t e s t  s t r i p  holders i n  s i t u  t o  measure two values of arc-height, mentioned above. 
Then, the spr ing was shot peened as usual. On the other hand, the author had found 
by s imulat ion method*which harnesses the s i m i l a r i t i e s  between stream of shot and 
l i g h t ,  t ha t  the r a t i o  o f  the arc-height fo r  the inner s ide t o  the one for  the outer 
side i s  governed almost by the r a t t o  o f  p f t ch  p t o  wi re  diameter d, namely pfd, and 
i t  increases exponent ia l ly  as expowre t ime passes. It was a lso found t h a t  the 
resu l t s  coincide w i t h  the experimental ones t o  a great extent.  

The value o f  arc-height i n  t h i s  repor t  might be re fe r red  t o  t h a t  of c o i l  spr ing by 
applying the s imulat ion method. 

VERBESSERUJG DER SCHMIEDESTUCKEIGENSCHAFFEN 
DURCH FESTIGKEITSSTRAHLEN 

E DOEGE 

A Niku-Lari 

Wie haben s i e  d i e  Bedekungsgrad Gemessen. 

H Fuchs 

Please define "uberdeckungsgradU and exp la in  how ii=l i s  measured. 

Der ~berdeckungsgrad 1 i s t  e r re i ch t ,  wenn 98% der zu strahlenden ~ b e r f l a c h e  von 
S t rah lm i t te l  beaufschlagt worden i s t .  D ie  Bestimnung des uberdeckungsgrades 
er fo lg te  durch mikroskopisches Ausmessen. Bei Var ia t i on  der Uberdeckung uber 98% 

*S HIROSE: "Simulation o f  Shot Peening Co i l  Springs", Rep. o f  the Casting Res. Lab., 
Waseda Univ., No. 26. pp. 11-19 (1975) November. 
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hinaus wurde d i e  Strah1zei. t  z u r  D e f i n i t i o n  herangezogen.   oh ere ~berdeckungsgrade  
s i n d  e i n  V i e l f a c h e s  d e r  f u r  e i n e  98%ige dberdeckung e r f o r d e r l i c h e n  S t r a h l z e i t .  

W Manfred 

S i e  haben geze ig t ,  da6 d i e  B i e g e w e c h s e l f e s t i g k e i t  v e r g u t e t e r  Schmiedestucke durch  
K u g e l s t r a h l e n  zwischen Uberdeckungsgrad 1 und 4 um etwa 10% a n s t e i g t .  Der Wert 
d i e s e r  Aussage w i r d  aber  e r s t  erkennbar, wenn,,man e b e n f a l l s  a n g i b t ,  w ie  s i c h  d i e  
S t r e u b r e i t e  d e r  Biegewechselfestigkeitswerte ander t ,  da d e r  Anwender vorwiegend an 
d e r  un te ren  Grenze des Streubandes i n t e r e s s i e r t  i s t  und, w i e  S i e  g e z e i g t  haben, 
s i c h  auch d i e  R a u h i g k e i t  d e r  Ober f lache ander t ,  d i e  v e r m u t l i c h  e inen  Einf lu t? a u f  
d i e  S t reubandbre i te  haben w i r d .  

E Doege 

D i e  Auswertung d e r  Versuchsergebnisse d e r  Biegewechselversuche h a t  g e z e i g t ,  da8 
d ie , ,S t reubre i te  d e r  Wechse l fes t igke i t swer te  m i t  steigendem Uberdeckungsgrad 
zunachst abnimmt. Beim dberdeckungsgrad 6 wurde jedoch wiederum e i n e  g rogere  
S t r e u b r e i t e  f e s t g e s t e l l t .  

B Ka ise r  

1. Wurde auch das ~ e f u g e  im e n t k o h l t e n  Bere ich  u n t e r s u c h t  ( n u r  K o h l e n s t o f f v e r a r -  
mung oder  F e r r i t b i l d u n g  i n  d e r  Randschicht )? 

2 .  e l c n e  k e c n s e l w i r ~ m g e n  von RandentKohlbngst ie fe bno K ~ g e l s t r a n l w i r & b n g  naoen 
S ie  n i n s i c h r l i c h  d e r  D a u e r n a l t o a r ~ e i t  oeooacntet? 

1. Das Gefuge i n  d e r  entkohlten,,Randzone wurde m e t a l l o g r a p h i s c h  u n t e r s u c h t .  Bei  
den f u r  d i e  Untersuchung gewahl ten Randentkohlungst ie fen von 0,2 und 0,4 m 
wurde k e i n e  d i r e k t e  F e r r i t s c h i c h t ,  sondern n u r  e i n e  Kohlenstof fverarmung 
f e s t g e s t e l l t .  

2.  Untersuchungen h i n s i c h t l i c h  d e r  D a u e r h a l t b a r k e i t  s i n d  b i s h e r  im H i n b l i c k  a u f  
d i e  Kuge ls t rah lw i rkung ,  d.h. i n  Abhang igke i t  vom Uberdeckungsg[ad, d u r c h g e f u h r t  
worden. Es i s t  beabsicht ig t , , ,d iese Untersuchungen auch i n  Abhang igke i t  von d e r  
Randentkohlungst ie fe durchzufuhren, so daa Wechselwirkungen zwischen Entkohlung 
s t i e f e  und Kuge ls t rah lw i rkung  a u f  d i e  D a u e r s c h w i n g f e s t i g k e i t  e r m i t t e l t  werden 
konnen. 

1 s t  es 'uberhaupt zu verantwor ten,  zum K u g e l s t r a h l e n  s t e e l  s h o t  e inzusetzen,  wo w i r  
doch im L i c h t b i l d  gesehen haben, dass dazu d e r  S tah l  i n s  Wasser g e s p r i t z t  unddab- 
geschreck t  w i r d ,  dabei  zwangsl3uf ig  Spannungen unterwor fen,  d i e  zu Rissen und 
Lunkern f i h ren  mussen, welche den gt-ossten T e i l  d e r  anfangl ich runden Korner  
g l e i c h  beim e r s t e n  Schleuderrad - Durchgang k a n t i g  p l a t z e n  lassen,  was zu Kerben 
i n  den zu s t rah lenden  Werkstucken f u h r t ,  d i e  unabwendbar e inen  op t ima len  
Ver fes t igungse f fek t  ve rh indern  mussen, weshalb d i e  Firma Bosch, S t u t t g a r t ,  i n  
i h r e r  Kugelstrahl-Werknorm fur i h r e  hochs t -empf ind l i chen  dunnen V e n t i l f e d e r n  d i e  
Verwendung n iemals s p l i t t e r n d e n  a r r o n d i e r t e n  Drahtkorns b indend v o r s c h r e i b t .  

E Doege - 
Fur das S t r a h l e n  von Gesenkschmiedestucken werden sowohl S t a h l s c h r o t  a l s  auch 
Drah tkorn  e i n g e s e t z t .  D i e  von Ihnen geauaerten Befurchtungen beim S t r a h l e n  m i t  



S t a h l s c h r o t  konnen n i c h t  b e s t a t i g t  werden, w ie  von uns d u r c h g e f u h r t e  Betr iebsgemi-  
schuntersuchungen i n  verschiedenen Schmiedebetr ieben g e z e i g t  haben. E ine  n e g a t i v e  
Auswirkung a u f  d i e  O b e r f l a c h e n f e i n g e s t a l t  du rch  das S t r a h l e n  m i t  S t a h l s c h r o t  konnte 
b e i  den m e i s t  d u k t i l e n  Schmiedewerkstoffen n i c h t  f e s t g e s t e l l t  werden. 

M Lazare 

La p l u p a r t  des co?f6rences ou comnunicat ions concernent  des a c i e r s  a l l i g s .  
E x i s t e n t - i l s  des etudes s y  l l i n f l u e n c e  du g rena i l l age ,sur  l e s  tenues en f a t i g u e  de 
pi&xs,embouties en t 6 l e  a t r e s  f a i b l e  carbone ( q u a l i t e  1C). Nous avons obtenu de 
bons r e s u l t a t s  ( jusqu ' ;  60% d 'augmentat ion du nombre de c y c l e s )  p a r  g r e n a i l l a g e  a 
l a  b i l l e  de v e r r e  dans l e s  zones t r a v a i l l a n t  en s o l l i c i t a t i o n s  a l t e r n e e s .  



Machines and materials 
Materiaux et machines de grenaillage 

Anlagen und Strahlmittel 

J F Loersche 

How can one measure intensity when peening small holes (less than $" )?  

E J Hill 

My own knowledge of shot peening inside holes is that it is a practical proposition 
down to 6" (12.7mm) diameter using a ported lance. In such cases the hole can be 
simulated in a test piece and a section machined away locally for the Almen strip 
and holder to be inserted. While this will not follow the curve of the hole, it 
does provide an accurate basis for comparison for repeatability purposes. 

a 
Holes as small as 0.093" (2.3mm) are shot peened in production on jet engine and 
diesel engine components. Intensity is verified by the use of a "mini Almen strip". 

M C Mead 

Does the system for SNECMA has capacity to provide CIRCULAR interpolation to allow 
for continuous path contour peening on parts? 

M Cardon 

Yes. The system could have circular interpolation between 2 axes at the same time, 
this allowing continuous path contour of parts as found on jet engines. This is 
also intended to simplify the establishment of programs and it is not necessary to 
calculate the result of 2 axes measures. On our system with 3 axes, the important 
axes are vertical motion and horizontal swing. The 3rd axe is mostly an orientation 
axe for nozzles. 

J M Leckner 

Les analyses rialis6es jusqul$ ce jour au niveau de la conception des salles de 
contr6le r6f;rent toytes 2 des analyses statiques des caracteristiques physiques 
et spatiales des materiels. L'analyse dynamique, c'est-;-dire la prise en compte 
des informations issues de ces mat6riels et leurs traitements par I ' h m e  pour en 
d6finir la signification discriminante par rapport a l'image initiale qu'il a du 
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systGme, n a y  est par ailleys peu souvent intigrie. Conment donc aminager des 
systhes de contr6le, de regulation suffisamment adaptis aux hommes qui ont a les 
conduire? 

M Cardon .- 

I1 est exact que jusqu'i maintenant les systbes de contrsle utilisis dans le 
grenaillage de pricontrainte n'ont pas souvent fait appel aux notions d'ergonomie. 

Par contre, nous avons essay6 de concevoir des syst2mes destinis aux hommes qui ont 
S les conduire du point de vue de la capacite intellectuelle propre et du niveau de 
connai ssance. 

En remplacant des riglages ou des comandes manuelles par des systsmes ca!cula- 
teur intigri permettant de r6duire considerablement !e nombre de commandes a 
utiliser pour obtenir les mises en service et la ripetitio? d'un travail sur une 
machine, en permettant d'autre part un dialogue en clair reduit 2 des series 
ripititives de questions pour lesquelles seules quelques reponSes peuvent Ctre 
rentries et en indiquant igalement en clair sous une forme immediatement intellig- 
ible toute anomalie de service, nous pensons avoir fait progresser les systemes 
de contr6le pour le grenaillage de pricontrainte. 

I1 reste 5 aminager les dispositions physiques du systhe de contr6le pour que la 
comprihension par l'opirateur soit essentiellemen: le transfert menta! de mouvg- 
ments physiquement visibles aux indications.limitees et claires d'un ecran video 
indiquant lui-mCme les boutons, poussoirs, a utiliser pour influer sur la marche 
de la machine ou la r6alisation d'un progrannne permanent. 

G Mabille 

Qu'est ce qu'on sait sur l'utilisation de la grenaille en Aluminium: 

- pricontrainte 
- surfaces 
- pollution 
- mesure de la temperature d'impact. 

M Cardon -- 
En ce qui concerne cette question posie par Monsieur MABILLE, il ne s'agissait 
pas d'une question mais d'un expos6 concernant les grenailles d'aluminium qu'il s 
fournissent. Aussi, je pense qu'il est mieux plac6 que moi pour exposer son point 
de vue. 

C Mabille - ---- 

I1 noys paraissait nkessaire de poser cette,que~tion,~compte tenu des diffgrents 
exposes concernant la Pricontrainte sur differents materiaux, mais aussi et en 
particulier sur des alliages d'Aluminium. 

Or, i l  est apparu que dans l'assistance prisente, rapporteurs ou congressistes, 
que ce produit dija ancien itait inconnu. 

Notre intervention, nous l'esp$rons et le souhaitons suscitera une yive curiositi 
de la part des spicialistes presents i ce premier congres sur la Precontrainte. 

En effet, 'util isation de grenaille d' Aluminiu? permet d'obtenir des degrzs 
d'inten~ite faible, avec une certaine rigularite mais aussi et surtout d'utiliser 
des accelirateurs centrifuges "turbines" 2 vitesse variable. 
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D ' a u t r e  pa r t ,  l e s  r i sques  de f ragmentat ion sont  nu l s  e t  l a  p o l l u t i o n  des surfaces 
eg t  prat iquement impossib le - Ces 3 i l6ments  favorables do iven t  permet t re  un nouveau 
developpement de l a  P r i c o n t r a i n t e  sur  l e s  a l l i a g e s  l i g e r s  en p a r t i c u l i e r :  

(1)  i n t e n s i t i  moyenne ou f a i b l e  

(2)  p r o j e c t i o n  par - tu rb ine ,  v o i e  s k h e  donc produc t ion  i n t e n s i v e  par  machine de 
grande capac i te  

(3 )  p o l l u t i o n  des sur faces i n e x i s t a n t e  
aucun r i s q u e  de m ic ro f i s su res  ou d ' e f f e t  d ' e n t a i l l e ,  
couple e l e c t r o  chimique - 

Mesure de l a  temperature - a l ' i m p a c t  de l a  G rena i l l e .  - 

Af in  de rechercher des ma t i r i aux  r i s i s t a n t s  1 l ' a b r a s i o n  d 'une pa r t ,  e t  d ' a u t r e  
p a r t  de t e n t e r  de d 6 f i ? i r  l a  concent ra t ion  du n i veau ,d l ac t i v i t i  d ' un  flux,de g r a i n  
projet;, nous avions r e a l i s 6  des jauges de mesure, r e a l i s i e s  dans des mater iaux 
d i f f h n t s ,  a l u  - c u i v r e  - a c i e r  - a c i e r  t r a i t e .  

Ces jauqes.de forme c y l i n d r i q u e  creuse, permet ta ien t  d ' y  ad jo i nd re  une thermistance 
raccordee a  un appare i l  de l e c t u r e  de temperature. 

A ins i  nous avons pu observer  dans un f l u x  d 6 b i t  de 350 kg/mn des 6chauffements de 
l ' o r d r e  de 180" C .  (po ids  de l a  jauge 50 g r s )  e t  cec i  a p r h  2  min. 15 sec. 

Ces essais on t  6 t i  p r a t i q u i s  en 1971 e t  nous pensons que l e s  moyens modernes 
ac tue ls  de mesure do i ven t  Dermettre d ' a m i l i o r e r  ces r e s u l t a t s .  



Control of shot peening 
Contrale de grenaillage de precontrainte 

Kontrole der Strahlbedingungen 

GENERAL ASPECTS OF SHOT PEENING, CRITERIA 
OF PARAMETERS SELECTION, 

T BURAKOWSKI & A NAKONIECZNY 

H Fuchs - 
Formula 1 and F ig .  2 a re  taken from an SAE recommended p r a c t i c e  which has now been 
rev ised  t o  omi t  t h i s  formula and f i g u r e  because t hey  a re  n o t  c o r r e c t .  

Experience shows t h a t  100% coverage i s  ob ta ined  q u i t e  e a s i l y ,  n o t  as a l i m i t  a f t e r  
i n f i n i t e  t ime.  The s i t u a t i o n  i s  q u i t e  analogous t o  t h e  coverage of t he  ground by 
leaves f a l l i n g  from a t r e e  i n  autumn: The ground is soon covered complete ly .  

The formula i s  approximately  c o r r e c t  f o r  low values o f  coverage. A t  h igh  values 
i t  does no t  c a l c u l a t e  t he  coverage, b u t  t he  approximate p r o b a b i l i t y  of having 
achieved 100% coverage. I f 90% coverage i s  ob ta ined  i n  1 minu te  then  a f t e r  one 
more minute o f  t he  same t reatment  t he  p r o b a b i l i t y  o f  having achfeved 100% coverage 
i s  99% according t o  t h i s  formula, and a f t e r  another  minute i t  i s  99.9%. If t h e  
experiment wore repeated 1000 t imes, we would expect  100% coverage i n  999 of t h e  
specimens and l e s s  than  100% on one specimen. 

One can and does achieve 100% coverage. One can a l s o  o b t a i n  and spec i fy  200% o r  
300% coverage, which would be q u i t e  impossib le according t o  t he  obso le te  formula. 

IMPROVED METHODS OF SHOT PEENING CCNTROL EXMINES 
VARIABLES IN PRODUCTION PROCESS, 

A M SANDERSOH & R G SLINGSBY 

Vanuxeem 

I have no t i ced  t h a t  your  t e s t s  have been pos i t i oned  t o  o b t a i n  a t y p i c a l  f r a c t u r e  
l oca ted  around 200,000 cyc les  w i t h  a s t r ess  frequency o f  310 hz, t h a t  i s  a t e s t  
l eng th  o f  about 11 minutes.  

Have you, i n  these cond i t i ons ,  no t i ced  t he  temperature reached by t h e  i t em  du r i ng  
the  t e s t ?  
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I f  t h i s  temperature i s  much h igher  than  t h a t  of t he  ambient, do n o t  you f e a r  t h a t  
the  t e s t  r e s u l t s  w i l l  be in f luenced by t h i s  heat  r i s e ?  

R G Sl ingsby  

We have n o t  attempted t o  accu ra te l y  measure t he  temperature change du r i ng  t h e  t e s t  
pe r i od  b u t  have some i n d i c a t i o n  t h a t  t he  changes a re  n o t  l a r g e .  Even if the  t e s t  
specimen does a t t a i n  a temperature above ambient i t  i s  considered t h a t  because we 
have d e l i b e r a t e l y  chosen a s t r ess  range t o  cause f a i l u r e  i n  a r e l a t i v e l y  low t e s t  
t ime and because a l l  the  t e s t s  a re  of l i m i t e d  dura t ion ,  comparison of t h e  r e s u l t s  
a re  v a l i d .  

R S L ivesey  

Accepting t he  l i m i t a t i o n s  of t he  Almen t e s t  p iece  (e.g. i t  cannot be used as a 
d i r e c t  s t r ess  c o r r e l a t i o n  dev ice) ,  as a bas ic  p roduc t ion  c o n t r o l  reference i t  i s  
ve ry  e f f e c t i v e .  A lzo  w i t h  bu l k  processing methods t he re  must be some v a r i a t i o n s  
( i f  o n l y  s l i g h t )  between pa r t s  i n  a batch.  On these s ta ted  premises i t  i s  d i f f i c u l t  
t o  see how the  authors t e s t  method, a l though ingenious,  solves t he  s t a t e d  l i m i -  
t a t i o n s  and problems o f  batch processing. 

R G Sl ingsby 

We have c o n s i s t e n t l y  observed very  wide v a r i a t i o n s  i n  Almen a r c  r i s e  when several  
Almen t e s t  p ieces ( i n  p a i r s  on backing b locks)  have been processed toge ther  w i t h  a 
bate$ of work i n  a " tumblas t "  t ype  machine. Th i s  v a r i a t i o n  being much g rea te r  
than t h a t  obta ined by processing several  f a t i gue  t e s t  pieces i n  a s i m i l a r  way. We 
conclude t h a t  because of shape and d e n s i t y  d i f ferences t he  Almen specimens do n o t  
r e a c t  i n  the  mass i n  t he  same way as t he  spr ings  o r  sp r i ng  type  t e s t  p ieces.  

I t  i s  n o t  claimed t h a t  t he  method descr ibed can be app l i ed  i n  a l l  cases as a sub- 
s t i t u t e  f o r  t he  Almen t e s t  b u t  cons ider  t h a t  t he  f a t i g u e  t e s t  method c o r r e l a t e s  
much more e f f e c t i v e l y  t o  t he  va r i ab les  of t h i s  type sf b u l k  processing. 

P Arnaud 

Could we know the  d i spe rs i on  o f  Almen t e s t s  ( f i g .  1 )  which i s  probably r e l a t e d  t o  
the he terogen i ty  of t he  peening t h a t  cou ld  l ead  t o  non s i g n i f i c a n t  r e s u l t s  i n  
f a t i g u e  t e s t s .  

R G Sl ingsby 

The i n d i v i d u a l  Almen arc he igh ts  recorded f o r  the  t e s t  se r i es  on which a re  
i l l u s t r a t e d  by F ig .  1 were as f o l l o w s :  

Th i s  shows t he  wide v a r i a t i o n  obta ined when 4 Almen t e s t  p ieces a re  p laced toge ther  
w i t h  a t y p i c a l  batch of spr ings and shot-peened i n  a " tumblast"  t ype  machine. 

PEENING TIME 
(MINUTES) 1. 4. 



We are  q u i t e  sure t h a t  t he  v a r i a t i o n s  due t o  t h e  machine are  n o t  t h i s  g rea t ,  t he  
f a c t  t h a t  t he  v a r i a t i o n s  i n  Almen r e s u l t s  become l e s s  s i g n i f i c a n t  a t  40 minutes 
s t r ong l y  support our conclus ions t h a t  t he  Almen t e s t  pieces do n o t  tumble i n  t h e  
same way as t he  mass o f  work and on l y  reach " sa tu ra t i on "  a f t e r  a  r e l a t i v e l y  long  
per iod  o f  time. 

The Fat igue  t e s t s  i n d i c a t e  t h a t  " sa tu ra t i on "  i s  reached a f t e r  20 minutes shot-  
peening, t h i s  i s  g e n e r a l l y  conf i rmed by t he  whole experiment. 

A  NEW TYPE OF NOZZLE DEVELOPED TO STUDY THE EFFECT OF 
SHOT SIZE ON INTENSITY OF PEENING UNDER SPECIFIED . 

PEENING PARAMETERS. 
M C SHARMA & A  K JAIN 

The f i gs .  5  and 6 show a  maximum f o r  d e f l e c t i o n  o f  t e s t  sh ip .  We t h i n k  t h a t  t he  
de f l ec t i on  increases con t inuous ly  w i t h  t he  peening time, a t  l e a s t  f o r  usual per iods  
of time. Are t he  opera t ing  cond i t i ons  ( s t r i p s  o r  sho t  hardness ...) the  reason 
fo r  such a  spec ia l  behaviour. 

M C Sharma 

Yes t he  f i g u r e  No. 5  and 6 shows t he  s a t u r a t i o n  curve  o f  d i f f e r e n t  shape as 
compared t o  t he  normal s a t u r a t i o n  curve, i t  i s  due t o  t he  p rope r t y  o f  t he  Almen 
s t r i p  ma te r i a l .  The Almen s t r i p  m a t e r i a i  was o f  medium Carbon s tee l  (hardness 
50 RE and th ickness  1.7 mn.), and t he  hardness o f  1.0 rm t h i c k  s t r i p  was 
66 RE. These hardness values a re  l e s s  than t he  hardness of s tandard Almen 
s t r i p s  i . e .  44 t o  50 RC. As f a r  as shots a re  concerned they  were cas t  s t e e l  
shots of hardness 40 t o  50 RC, o the r  peening cond i t i ons  were normal. 

M r  P icard  t o  M Cardon (Session Reporter)  

M. CARDON, vous avez prisent; d i f f e r e n t s  paramhres  de l ' o p e r a t i o n  de g r e n a i l l a g e  
que l ' o n  peut ,contr6 ler  e t - r ep rodu i re  pour r e a l i s e r  l e s  cond i t i ons  opt imales de 
g rena i l l age  de f i n i es  au p rea lab le  pour une p i k e ,  mais il me semble que vous n 'avez 
pas i n s i s t 6  suf f isamnent  sur  l e  c o n t r 6 l e  des g r e n a i l l e s  2 l a  f o i s  pendant l e  
fonctionnement de l a  machine ou e n t r e  deux opera t ions .  

Pouvez-vous s ' i l  vous p l a i t  comp l i t e r  briGvement sur  ce  p o i n t  e t  nous d i r e  en, 
p a r t i c u l i e r  s i  vous considerez qu 'un c o n t r 6 l e  tou tes  l e s  60 h  comme ce la  a  e t e  
rappor t6  ce ma t i n  par  des auteurs de pub l i ca t i on ,  vous p a r a i t  s u f f i s a n t ?  

M Cardon 

Le c o n t r 6 l e  des g r e n a i l l e s ,  pendant l e  fonctlonnement de l a  machine e s t  n a t u r e l l e -  
ment trk important .  Des p r i c a u t i o n s  sont  genira lement  p r i s e s  au n iveau d 'une  
machine pour l e  t r i  2 l a  f o i s  dimensionnel e t  de forme des g r e n a i l l e s ,  e t  l e s  
machines modernes peuvent comporter des s y s t h e s  de tri dimensionnel e t  des 
s y s t h e s  de tri de forme. Malheureusement ces de rn ie r s  s y s t h e s  o n t  des rendements 
assez f a i b l e s  e t  il sera n i c e s s a i r e  s o i t  de d i r i v e r  seulement une p a r t i e  du f l u x  en 
c i r c u l a t i o n  vers l e  s y s t h e  t r i e u r  de forme, s o i t  de m u l t i p l i e r  l e s  t r i e u r s .  
Pratiguement on cons ta te  que en d i r i v a n t  une q u a n t i t i  de l ' o r d r e  de 5  3 10% du f l u s ,  
l e s  r e s u l t a t s  sont  ginEralement s a t i s f a i s a n t s .  

I 1  fau t  na tu re l lement  en lever  tous les,pol luants de l a  g r e n a i l l e  en c i r c u l a t i o n  en 
p a r t i c u l i e r  l e s  p rodu i t s  d i v e r s  s o i t  r e s u l t a n t  de l a  p r o j e c t i o n ,  s o i t  i n t r o d u i t s  
accidente l lement  dans l e  c i r c u i t .  
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Enfin i l  faut admettre que le milange de dimension et de forme de grenaille tel 
qu'il existe dans des grenailles neuves, dBpend b la fois du mode de fabrication 
du fabricant, de la disposition des tamis qu'il utilise. I1 n'en est pas for& 
ment de m@me B partir du moment oh 1 'on a introduit dans une machine une grenaille 
qui b 1 'origine correspondait 3 la msme spicification que celle du fabricant mais 
qui par suite de l'usure au'elle subit dans la machine va voir les proportions 
entre les diffBrentes granulomBtries qui la composent Bvoluer. Bien sOr on peut 
introduire des tamis multi-6tagis plus ou moins complets, mais il n ' m p k h e  que 
l'on aura tou jours digradation des grenailles vers les dimensions les plus fines 
et que donc les proportions ivolueront. 

I1 me semble donc ~ ~ ' i l  reste absolument nicessaire d'effectuer des contr6les 3 
pBriodicitB relativement rap roch6e sur les grenailles en circulation, mais il est 
nbcessaire de faire des prBl!vements reprkentatifs, c'est 3 dire 3 la sortie des 
organes de projection et igalement en quantiti sufffsante pour,que l'on puisse 
utiliser des systemes du type diviseur Tyler pour obtenlr des echantillons 
repr6sentatifs. Les tamls utilisis pcur ces contr8les devront comporter, outre les 
tamis caractiristiques de la grenaille telle qu'elle est itablie par les spBcifi- 
cations, soit partir de nor mes, soit par l'utilisateur, des tamis complimentaires 
a u - d e w s  et en dessous pour avoir une idBe du comportment des grenailles pendant 
le travail. I1 me semble qu'un tel contr6le devratt, en l'absence d'une erpCience 
de longue durBe sur le comportement des grenailles en service: avotr lieu une fois 
par poste de travail et une fois avec chaque changement de piece ou chaque change- 
ment de maquette iprouvette ALWEN. Le riscltat de ces expiriences permettrait 
iventuellement d'allonqer cette piriodicite, toutefois, il est bien connu qu'il 
peut y avoir des problmes de qua1 it6 de grenail le d'une 1 ivraison ?u d'un four- 
nisseur b l'autre, ou des problemes de dBrBglage machine et que 3 defaut d'effecteur 
des examens insuffisamnent rapprochBs, on court de grands dangers d'obtenir des 
risul tats peu cohBrents. 



The mechanics of shot peening 
Le mecanisme du grenaillage de 

precontrainte 
Vorgange beim Kugelstrahlen- 

4a STRUCTURES 

EFFECTS OF SHOT PEENING ON PROPERTIES OF CARBONITRIDED 
CASE WITH RETAINED AUSTENITE, 

S PAKRASI & J BETZOLD 

D K i r k  

1. How, precisely,  were the i n t e n s i t i e s  of a and y re f l ec t i ons  measured? 

2 .  Do the residual  stress values i n  F ig .  3 r e f e r  t o  the austeni te phase o r  the 
martensite phase? With 50% austeni te the stress i n  t h i s  phase i s  as important 
(o r  more important) than t h a t  i n  the martensi te phase. 

S Pakrasi 

1. The i n t e n s i t i e s  of a and y re f lec t fons were measured w i t h i n  an accuracy of 1%. 
A l l  samples were measured several ttmes under constant condtt ions o f  measure- 
ment (Mo ka - rad ia t i on ) .  

2 .  The residual  stress values r e f e r  t o  (211) r e f l e c t i o n  of the martensi te phase. 
I n  s p i t e  o f  i t s  h igh content i n  the i n i t i a l  stage, the austeni te does not  
remain, both q u a l i t a t i v e l y  and quan t i t a t i ve l y ,  the same dur ing the shot peening 
treatment. A considerable y + a  phase transformation takes place and accord- 
i n g l y  the content o f  austeni te decreases rap id l y .  Due t o  i t s  r e l a t i v e l y  weak 
in tens i t i es ,  measurements on samples w i t h  small contents o f  austeni te are  
d i f f i c u l t  and the r e s u l t s  are l ess  r e l f a b l e .  Besides that ,  the tex tu re  
a d d i t i o n a l l y  aggravates the measurement on austeni te phase. Therefore, instead 
of fading r e f l e c t i o n  o f  austeni te on ly  the r e f l e c t l o n  of martensi te has been 
measured for  the determination o f  res idua l  stresses. 

PLASTICALLY DEFORMED DEPTF I N  SHOT PEENED 
MAGNESIUM ALLOYS, 

W T EBIHARA, N F FIORE & M A ANGELINI 

M 0 Speidel 



Th is  paper deals w i t h  shct  peening o f  magnesium a l l ogs .  How d i d  shot  peening 
improve the  f a t i g u e  res i s t ance  o f  t he  magnesium a l l o g s  and how d i d  i t  in f luence 
co r ros i on  f a t i g u e  and s t r ess  co r ros i on  c rack ing  o f  magnesium a l l o g s ?  What i s  t he  
e f f e c t  o f  the  observed tw inn ing  on these phenomena. 

N F  F i o r e  

A l l oys  AZ91, ZE41, and EZ33 peened t o  Almen i n t e n s i t y  5 experienced 258, 25% and 
35%, respect;vely, increase i n  r o t a t i n g  beam f a t i g u e  l i v e s  over unpeened specimens. 
No i n f l uence  o f  peening i n t e n s i t y  o r  peening ma te r i a l  was noted on 5% s a l t  fog 
exposure t e s t s  on these a l l o y s .  Corros ion f a t i g u e  and s t r ess  co r ros i on  t e s t s  were 
n o t  performed on t he  a l l o y s .  The e f f ec t s  o f  t he  twinned s t r u c t u r e  on t he  mentioned 
p rope r t i es  were n o t  s tud ied .  Th i s  area, however, deserves cons ide ra t i on  f o r  
f u r t h e r  study. 

4b RESIDUAL STRESS METHODS 

METHOOE DE LA FLECHE, METHODE DE LA SOURCE DES 
CONTRAINTES RESIDUELLES, 

A NIKU-LARI & J F FLAVENOT 

M Wilhelm 

You have shown a  s l i d e  n o t  inc luded i n  your  p r i n t e d  ve rs i on  e x h i b i t i n g  t he  depth 
p r o f i l e s  of r es i dua l  s t resses i n  case hardened specimens. The shot  peened specimen 
had n o t  been tempered a f t e r  case hardening. Have you a l s o  r e s u l t s  w i t h  specimens 
empered before shot  peening? What a re  t he  d i f ferences? Would you p lease f u r t h e r  
comment t he  curves? 

A N iku-Lar i  

Le cas des p isces  c e m e n t k  ayant subi  un revenu duant g r e n a i l l a g e  n ' a  pas f a i t  
l ' o b j e t  d'une etude p a r t i c u l i e r e .  

Les mesures o n t  i t 6  e f f ec tu i es  sur  des eprouvet tes en a c i e r  16NC6 t r a i t e e s  dans l e s  
cond i t i ons  iqdiqu6es dans l e  tab leau ci-dessous. Le mode de p repa ra t i on  des Bprou- 
ve t t es  de mesures i p a r t i r  d 'une B p r o u v e t t ~  de t r a i t emen t  de 10 mn d16pa isseur  e s t  
i n d i q u i  ci-dessous. 

Sur l e s  f i g u r e s  1  e t  2  on no tera  que l e s  p r o f i l s  de dure t6  correspondent b i e n  aux 
r i p a r t i t i o n s  de con t ra i n tes  r b s i d u e l l e s  obtenues. C 'es t  en e f f e t  116prouvet te  
rep&& (Z),c&ment6e, g rena i l lGe,  q u i  pr6sente l a  dure t6  e t  l a  c o n t r a i n t e  r 6 s i -  
duel 1  e  1  es p l u s  6levGes dans l a  couche superf  i c i e l  l e .  On remarquera 6galement 
l ' i o f l u e n c e  du revenu e t  du g rena i l l age  sur  1  ' a l l u r e  des c o n t r a i n t e s  r k i d u e l l e s .  
Le g rena i l l age  permet d'augmenter considBrablement l a  c o n t r a i n t e  r e s i d u e l l e  
s u p e r f i c i e l l e .  



Fig. 1: profils de duret6 des 
eprouvettes. 

Fig. 2: Reparti tion des contraintes 
residuelles dans une p i k e  
d'epaisseur 10 mn. 



T Ericsson 

Your depth profiles of residual stress always show an abrupt break just below the 
shot peened layer. The core stress is low and constant. The same was shown for a 
carburized layer. This seems "unphysical". Does it depend on apprcximation and 
assumptions in your calculations? 

A Niku-Lari 

We have measured residual Ztresses from the peened surface up to the plastically 
deformed layer. The distribution of the residual stresses in the rest of the part 
is just calculated by the equilibrium of the internal forces and bending moments 
according to the thickness of the specimen (see Fig. 3). 

This is the reason why all profiles of residual stresses show an abrupt break just 
on the border between the shot-peened and unpeened layers. 

This "unphysical" phenomena is not a natural effect but only a "computer matter" 
without any significance. The value of the core stress depends on the thickenss of 
the part. All residual stresses we have shown in the paper have been measured on 
a thin specimen, and then calculated for a 20 mn thick part. The core stresses 
become in this case very low (Fig. 3). 

MEASUREMENT OF STRESSES INDUCED BY SHOT PEENING 
S S BIRLEY 

H E Franz -- 
You have compared the residual stresses obtained by two totally different methods: 
X-Ray and hole drilling methods. 

Have you taken in account that two different volumina of the material are concerned 
by the measurement? 

The two techniques involve different volumes of metal. The X-Ray method for copper 
radiation in aluminium involves typically a depth of 25uM and (for the X-Ray film 
technique) 2mn diameter. The incremental hole technique involves drilling by small 
steps to a depth of approximately 1.5mn. a hole of 1.5mn diameter. Measurements 
are made on strain gauges which are remote (1.5mm) from the hole being drilled. 

In the presentation, the surface stresses measured by X-Rays, were compared with 
those from incremental hole drilling. B e c m  latter technique is not accurate 
within the first 8% of depth from the surface, to obtain surface stresses it was 
necessary to extra late the data for depths greater than 8% back to the surface. 
Therefore two + .  1 erent things are being compared. 

Further aspects are relevant here. Ye are often dealing with stress fields which 
vary non-uniformly both with depth and along the surface, (for example, near welds). 
In such situations, the specific surface stress value obtained by the X-Rays will 
depend on the type of tube employed. This is because the energy of the target 
material influences the penetration into the metal -which, of course, would give 
different stress values in a non-uniform stress field with depth. 

Regarding the hole-drilling technique, there are two question to be considered. 
Firstly, the response of the three elements of the rosette will depend on their 



pos i t i on  w i th  respect t o  the non-uniform surface gradient.  Work i s  underway a t  
CEEB (UK) t o  invest igate  t h i s  e f fec t  and m e s u 7 t  i n  modif ied equations f o r  the 
analysis of the s t ra i t '  gauge data. Secondly, the c a l i b r a t i o n  constants f o r  the 
h o l e - d r i l l i n g  technique are those which are obtained from a stress f i e l d ,  
thus leading t o  inaccuracies. This i s  because there i s  no known non-uniform stress- 
f i e l d  which can be appl ied so as t o  obta in  the c a l i b r a t i o n  constants. F i n i t e  e le-  
ment modell ing by the authors w i l l  help resolve t h i s  problem. 

The two techniques c l e a r l y  involve completely d i f f e r e n t  p r inc ip les  of measuring 
surface stresses, and therefore i t  could be argued t h a t  c lose agreement of stresses 
m d  by the two techniques i s  completely fo r tu i tous .  This cnuld a lco be said 
o f  other techniques presented a t  the conference. I personal ly would l i k e  t o  see a 
wider discussion of stress measurement techniques and t h e i r  s igni f icance and i n t e r -  
p re ta t i on  w i t h  respect t o  the numerous app l ica t ions possible. 

RESIDUAL STRESSES AND RETAINED AUSTENITE I N  
SHOT PEENED STEELS, 

D K I R K  

T Ericsson 

Were the t e n s i l e  res idua l  stresses a t  shor t  l i v e s  measured a f t e r  t e n s i l e  o r  com- 
pressive peaks? This i s  known t o  affect. the value o f  the observed residual  stress.  

D K i r k  - 
The t e n s i l e  residual  stresses observed a t  shor t  l i v e s  were measured on specimens 
tha t  f ractured dur ing the t e n s i l e  p a r t  of the l a s t  fa t i gue  cycle.  

T Ericsson 

The as-carburised res idua l  stress curve i n  Fig.  3 i s  very unusual. Can you g ive 
d e t a i l s  about the background? 

D K i rk  - 
The as-carburised res idua l  stress curve shown i n  F ig .  3 i s ,  i n  fac t ,  qu i te  comnon 
f o r  t h i c k  cases produced i n  a l l o y  steel  components. This p a r t i c u l a r  s tee l  i s  o f  
the air-hardening va r ie ty .  Transformation t o  martensi te s t a r t s  a t  the caselcore 
interface and proceeds outwards and inwards. When a case i s  r e l a t i v e l y  t h i c k  a 
large amount of sub-surface transformation occurs before the extreme surface trans- 
forms. This pushes the surface i n t o  tension which i s  not  completely of fset  by 
f i na l  surface transformation. For t h a t  reason shot peening i s  very useful. 

General Conments 

G Nachman 

Dr Fuchs, i n  sponsorship w i t h  Metal Improvement Co., developed residual  s t ress curves 
on 44-50 Rc spr ing steel. 53 Rc hard s tee l  and aluminum 7075T6 using d i f f e r e n t  
i n t e n s i t i e s  and shot s izes under the etching method o f  l aye r  removal on these s t r i p s  
i n  the ea r l y  1960s. 

M Ladoux 

Je voudrais seulement s igna ler  que des essais sur 2024-2618 7075 T6 nous ont montrg 
une t r z s  bonne r e l a t i o n  entre l a  f leche obtenue sur 6prouvettes ALMEN N e t  l e s  



con t ra i n tes  de compression obtenues sur  l e s  gprouvet tes en a l l i a g e s  d 'a luminium 
c i t k  ci-dessus; c e c i  avec d i f f e ren t s  types de b i l l e s  e t  d i f f i h n t e s  i n t e n s i t &  de 
g rena i l  lage.  

Ces exper imentat ions on t  permis des app l i ca t i ons  i n d u s t r i e l l e s  avec de bons 
r e s u l t a t s .  

U W o l f s t i e q  

D ie  Verbre i te rung von Rontgen in ter fe renz l in ien  Kann Bekannt l i ch  auf Verbre i terungen 
durch d i e  Apparatur, Verbre i terungen aufgrund von Tei lchengrBssen i n  der  Probe und 
Verbrei terungen durch Mikrodehnugen (oder-Spanungen) zuruckgef i ih r t  werden. I m  
vor l iegenden F a l l  i n t e r e s s i e r e n  nur  d i e  Mikrodehnungen. Es i s t  daher besser 
d i e  Mikrodehnungen zu berechnen a n s t e l l e  der  Ha lbe r t sb re i t en  anzugeben. Nur 
dann werden d i e  Ergebnisse q u a n t i a t i v  verg le ichbar  m i t  schon vor l iegenden ode? 
zukunf t igen  Ergebnissen andeper Autoren. 

4c SURFACE CONDITIONS 

THE IMPROVEMENT OF FATIGUE AND SURFACE CHARACTERISTICS 
ALLOY 7075-T6 BY SECONDARY PEENING WITH 

GLASS BEADS, 
A SNOWMAN & R G SCHMIDT 

M P icard  

You s tud ied  t he  i n f l uence  o f  sho t  peening upon f a t i g u e  c h a r a c t e r i s t i c s  o f  some 
mater ia ls .  

D id  you take  a note of t he  r a t e  o f  broken g lass  beads du r i ng  t he  process o r  d i d  
you o n l y  examine the  sur face  o f  the  m a t e r i a l s  a f t e r  shot peening? 

R G Schmidt 

Our o b j e c t i v e  i n  t he  paper was n o t  d i r e c t e d  toward eva lua t ing  t h e  hreakdown of t he  
beads, bu t  r a t h e r  t he  i n f l uence  o f  secondary peenin9 toward extending t h e  f a t i gue  
l i f e  and t he  improvement of t he  f i n a l  sur face  smoothness. However. we have comple- 
t ed  breakdown s tud ies  and publ ished da ta  comparing t he  bead consumption r a t e s  w i t h  
bead s i zes  and t a r g e t  hardness. (see t h e  curves o f  t he  consumption r a t e  f o r  Po t t e r s  
s i ze  B g lass  spheres). A t  Po t te rs ,  "consumption r a t e "  i s  de f i ned  as t h e  percent  
increase i n  weight  of g l ass  beads passing an a r b i t r a r i l y  se lec ted  screen a f t e r  4 
cyc l es  o f  b l a s t i n g .  The consumption r a t e  i s  t he  average percentage of charge 
weight  consumed per  cyc le .  One b l a s t  c y c l e  i s  t he  t ime  requ i red  f o r  a pre-weighed 
g l ass  bead charge t o  f low through t h e  nozz le  one t ime. The s e l e c t i o n  of screen 
s i ze  determining consumed ma te r i a l  i s  dependent upon t b e  s i z e  d i s t r i b u t i o n  range 
of beads tes ted .  For  example, s i z e  H (100-140 mesh), t h e  m a t e r i a l  passing through 
t he  140 mesh screen i s  a r b i t r a r i l v  c l a s s i f i e d  consumed m a t e r i a l .  S ize  AE 000-170 
mesh) which was t he  media used i L o u r  paper, consumes a t  approximately  the'same r a t e  
as s i ze  H when t es ted  under t he  same parameters. 





INFLUENCE DE L'ETAT DE SURFACE SUR LA RESISTANCE 
A LA FATIGUE D ' U N  ACIER A 13%. DE CHROME 

POUR AILETAGES DE TURBINES A VAPEUR 
J R DONATI, J GRATTIER, S H MASSON & F TERNON 

M Jouvie 

,"M G r a t t i e r  a d i t  que l e s  contra in tes  r i s i d u e l l e s  de compression s e  sont  relaxees 
sous l ' a c t i o n  de fo r t e s  contra in tes  a l t e r n i e s .  Peut-il p rec i se r  l e s  valeurs de 
relaxation des contra in tes  r e s idue l l e s  e t  c e l l e s  correspondantes, des contra in tes  
a1 ternies?"  

J G r a t t i e r  

En s o l l i c i t a t i o n  a1 ternce,  l a  relaxation des contra in tes  r i s i d u e l l e s  s u p e r f i c i e l l e s  
e s t  une fonction c ro i s san te  de l a  valeur i n i t i a l e  de c e t t e  contra in te  r e s idue l l e  e t  
de l 'amplitude de l a  s o l l i c i t a t i o n  de f a t igue  subie.  Les valeurs num6riques 
correspondant aux d i f f e ren t5  e t a t s  de surface Gtudies sont  prCcisees dans l e  
tableau 111. 

Les contra in tes  res iduel les  supe r f i c i e l l e s  subs i s t an t  a p r k  cyclage de f a t igue  
sont plus i l e v i e s  pour l ' i t a t  de surface grenai l l6  (1107) que pour l ' i t a t  meulC 
(n03). 

U Wolfstieg 

Sie  haben Untersuchungen a n g e s t e l l t  bei erhohter Temperatur und unter Korrosion- 
sangr i f f .  Wie beur te i len  Sie  das Verhalten, wenn beim Betriebseinsatz mechanische 
Spanunngen hinzutreten und an den h'irchstbelasteten S te l l en  der Turbinenschaufeln 
v i e l l e i c h t  Kriechen e inse tz t ?  

J Gra t t i e r  

L 'ac ier  2 13% de chrome que nous avons Btudi6 temp6rature ambiante e s t  u t i l i s i  
pour l e s  a i l e t ages  des corps basse pression de turbine  2 vapeur dont l a  temperature 
de service  e s t  comprise e n t r e  20 e t  80°C; dans ces condit ions,  l a  seule  re laxat ion 
des contra in tes  supe r f i c i e l l e s  de compression i cra indre  proviendrait  de contra in tes  
cycliques a l ternees  a l o r s  que l e s  a i l e t ages  subissent  des e f f o r t s  r 6 p i t i s  en 
t r ac t ion .  

M 0 Speidel 

( M  Gra t t i e r )  One has not found a s i g n i f i c a n t  improvement i n  corrosion-fatigue 
res is tance  of 13% chromium s t e e l s  i n  chloride solut ion due t o  shot peening. 

Could t h i s  be due t o  the  growth of corrosion p i t s  through the  surface layer  of 
compressive s t r e s s e s ?  

Why do you think the improvement of f a t igue  in a i r  due t o  shot  peening was only very 
moderate with your steam turbine blade s t e e l ?  

J G r a t t i e r  

La res is tance  a l a  f a t igue  en milieu chlorure des ac ie r s  2 13% de chrome e s t  
r e l i e e  l eu r  res is tance  a l a  formation de piqUres supe r f j c i e l l e s .  I1 e s t  possible,  
come vous l e  supposez, e t  bien que nous-ne l 'ayons pas v e r i f i 6  directement s u r  l e  
Droduit 6tudi6. aue l a  cruissance de ~ i a u r e s  t raversant  l a  couche SuDerficiel le en 
compression, annule B tetme l ' e f f e t  bknifique du grenai l lage .  ~ o u t e f o i s  l a  



construction de la figure 5 montre que, pour un materiau de faible r6sistance 
intrinssque, quelque soit le mEcanisme mis en jeu, l'effet b6n6fique que l'on 
peut attendre du grenaillage est tres faible. 

En ce qui concerne la resistance i la fatigue dans 1 'air, l'am6lioration apport6e 
par le grenaillage est reduite mais il faut noter que: 

- l'itat de surface de rifErence meu!i prgsentait dEji des contraintes risiduelles 
de compression de -300 MPa. 

- les sollicitations de fatigue itudiies conduisent 3 m e  relaxation partielle des 
contraintes residuelles. 

Toutefois 1 'effet maximal 'a attendre du grenaillage de precontyainte sur la limi te 
d'endurance en sollicitations rEpet6es dans l'air a pu Btre Svalui i environ 
+ 200 MPa sur l'amplitude de contrainte pour une contrainte myenne de l'ordre 
de + 150 MPa. 



Fatigue. steels 
Fatigue. aciers 

Dauerschwingverhalten. Stahle 

THE STRENGTH OF SHOT PEENEC PARTS? DESIGN CALCULATIONS 
AND SPECIFICATIONS, 

H  0  FUCHS 

C Verpoort  

The Almen- intensi ty  i s  n o t  a  r e l i a b l e  measure i n  a l l  cases. One has t o  keep i n  
mind t h a t  the  shot  peening process i s  a  f a t i g u e  process t o  the  sur face  l aye r .  Th is  
w i l l  be expla ined i n  more d e t a i l  i n  t h e  papers o f  Wagner and L u e t j e r i n g  and Wang g 
a l .  a t  t h i s  conference. I t  was found t h a t  t he  shot  peening v e l o c i t y  can be de- - 
scr ibed as t he  s t r ess  ampl i tude and t he  sho t  peening t ime  as the  number of cyc l es  
i n  a  f a t i g u e  t e s t .  But t he  same A lmen- in tens i ty  value can be obta ined by us ing  
d i f f e r e n t  v e l o c i t i e s  and d i f f e r e n t  t ime o f  sho t  peening. However, the  fac to rs  
" c y c l i c  s t r ess  ampl i tude" and "number o f  cyc les"  cannot be exchanged i n  a  f a t i gue  
t e s t .  

As a  r e s u l t  of c y c l i c  deformation du r i ng  shot  peening, t he  sur face  l a y e r  can show 
a  " c y c l i c  hardening" o r  " c y c l i c  so f ten ing"  l i k e  i n  a  f a t i g u e  t e s t .  Th i s  "hardening 
o r  " so f t en ing -e f f ec t "  i s  n o t  o n l y  in f luenced by t h e  i n i t i a l  m i c ros t ruc tu re  of t h e  
ma te r i a l ,  b u t  a l s o  by t he  value of t he  app l i ed  s t r ess  ampl i tude r e s p e c t i v e l y  shot  
v e l o c i t y .  

The so c a l l e d  over-peening e f f e c t  can be expla ined i n  t he  same way. Some m a t e r i a l s  
show an inc reas ing  f a t i g u e  l i f e  w i t h  i nc reas ing  t ime  o f  shot peening ( s t a i n l e s s  
s tee l s ,  n i c k e l - a l l o y s ) ,  w h i l e  f o r  some o the r  m a t e r i a l s  ( l ow  C-steels,  t i t a n i u m  
a l l o y s )  a  decreasing f a t i g u e  l i f e  i s  found due t o  t he  c y c l i c  so f ten ing  o f  t he  
sur face l a y e r .  Sometimes t he re  a re  a d d i t i o n a l  reasons f o r  t h i s  decrease, f o r  ex- 
ample p roduc t ion  o f  microcracks a t  ma r tens i t e  p l a t e s  o r  g r a i n  boundaries du r i ng  
shot peening. 

Another minor  mistake o f  t he  Almen- intensi ty  measurement occurs when t he  hardness 
of t he  Almen s t r i p  i s  d i f f e r e n t  from t h e  hardness of t he  work p iece.  Sof ter  
ma te r i a l s  than  t he  t e s t  s t r i p  w i l l  reach t he  s a t u r a t i o n  and complete coverage 
e a r l i e r  and reverse  f o r  harder  ma te r i a l s .  (see paper o f  C la rke  and B i r l e y  a t  t h i s  
conference). 

H  0 Fuchs 

The remark of Dr Verpoort  may have suffered i n  t r a n s l a t i o n .  I f he means t h a t  t he  
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Almen i n t e n s i t y  a lone  i s  n o t  s u f f i c i e n t  t o  measure t he  ef fects of sho t  peening i n  
a l l  cases, I agree w i t h  him and have sa id  so i n  t h e  paper. I want t o  p o i n t  ou t  
Xt i t  i s  s u f f i c i e n t  i n  @ cases, i n  p a r t i c u l a r  i n  t h e  a p p l i c a t i o n s  t o  carbon 
s tee l  quenced t o  develop mar tens i t e  and then  tempered. These a re  t h e  most important  
app l i ca t i ons  of sho t  peening f o r  t he  improvement of f a t i g u e  res i s t ance ,  i n  terms 
of tonnage o f  p a r t s  t r e a t e d  and i n  t e n s  of t o t a l  cos t  of a l l  t h e  t r e a t e d  pa r t s .  

If "no t  a  va luab le  measure i n  a l l  cases" means t h a t  i n  some cases t he  Almen 
i n t e n s i t y  i s  w i t hou t  value,  then I must d isagree.  Almen i n t e n s i t y  toge ther  w i t h  
spec i f i ca t i on  of the  sho t  (by s i z e  and hardness) and degree of s a t u r a t i o n  (98%) 
minimum b u t  perhaps f a r  more t e l l s  us as much o r  more than  a  l i s t  of va r i ab les  such 
as a i r  pressure, exposure t ime,  e t c .  The Almen i n t e n s i t y  i n t e g r a t e s  these va r i ab les  
and knowledge about t h e  sho t  permi ts  us t o  p i n  down t h e  elements of t h e  i n t e g r a l .  

The d i f f e r e n t  surface s t r u c t u r e  and t h e  hardening o r  so f ten ing  produced by t he  
repeated b a l l  impacts a re  i n t e r e s t i n g ,  b u t  t hey  a r e  minor e f fec ts  compared t o  t he  
s e l f  s t resses  ( r es i dua l  s t resses)  i n  a p p l i c a t i o n s  t o  p a r t s  w i t h  notches o r  w i t h  
crack prone sur faces;  such p a r t s  represent  the  g rea t  m a j o r i t y  o f  a p p l i c a t i o n s  of 
shot  peening f o r  f a t i gue  res is tance .  

Comparisons w i t h  po l i shed  specimens i n  push-pul l  t e s t s  can g i v e  us some i n s i g h t s  
i n t o  t he  changes produced by peening, b u t  cannot be app l i ed  t o  p r e d i c t  t he  f a t i gue  
s t r eng th  o f  peened machine p a r t s  unless t he  e f f ec t s  o f  s t r e s  g rad ien t s  a re  care-  
f u l l y  considered. 

The data presented by Wagner and L u e t j e r i n g  con f i rm  these op in ions ,  i n  p a r t i c u l a r  
t he  d i f ferences t hey  show between push-pul l  t e s t s  and r o t a t i n g  beam tes t s .  

When peening i s  used t o  prevent  s t r ess  co r ros i on  t he  sur face  s t r u c t u r e  may be more 
im p o r t a n t  than i n  f a t i g u e  app l i ca t i ons .  

A Niku -LaG 

How i s  t he  c r i t i c a l  a l t e r n a t i n g  t e n s i l e  s t r ess  Scat de f i ned  and where does one f i n d  
s u i t a b l e  values f o r  i t ?  

H 0  Fuchs 

S at i s  def ined on a  Haigh diagram f o r  sharp ly  notched p a r t s  by t he  h o r i z o n t a l  l i n e  
wklch f i t s  the  f a t i gue  s t r eng ths  w i t h  l a r g e  mean t e n s i l e  s t r ess  and by t h e  l i n e  i n -  
c l i n e d  a t  45 degrees which f i t s  t he  f a t i g u e  s t rengths  w i t h  l a r g e  compressive mean 
st ress,  bo th  w i t h i n  t he  e l a s t i c  reg ion .  The ho r i zon ta l  l i n e  s a t i s f i e s  t he  equasion 
Scat = S  . The i n c l i n e d  l i n e  s a t i s f i e s  Scat = 0.5(Sa t S ) where S  i s  negat ive  o r  
zero.  ten no Haigh diagram o f  f a t i g u e  s t r eng ths  i s  avaiq'able one Yinds Sca 0.5 
Sa f o r  very  sharp ly  notched p a r t s  i n  r o t a t i n g  bending; t h e  va lue  from a  s i n g f e = t e s t  
c o n d i t i o n  i s ,  of course, l e s s  r e l i a b l e  than t h e  va lue  found by f i t t i n g  a  l i n e  t o  
p o i n t s  which represent  many t e s t  cond i t i ons .  

Scat i s  g i v e n  as 70 MPa f o r  hard s tee l ,  30 MPa f o r  m i l d  s t e e l ,  and 20 MPa f o r  h i gh  
s t r eng th  aluminum by Fuchs and Stephens (1980). These are  mean values and there-  
f o re  t oo  h i gh  f o r  design c a l c u l a t i o n s .  As t hey  a r e  a l l  v e r y  low t h e  designer w i l l  
assume SGat = 0, corresponding t o  Almen's d ic tum "Fat igue  f a i l u r e s  a r e  t e n s i l e  
f a i l u r e s  and t o  t he  observa t ion  t h a t  i n  f a t i gue  f a i l u r e s  of p a r t s  t h e  c racks  
propagate i n  t he  t e n s i l e  opening mode, t he  mode I o f  f r a c t u r e  mechantcs. 

T  Er icsson 

When you draw the  "HAIGH" diagram f o r  shot  peened ma te r i a l s ,  should t h e  y i e l d  l i m i t  
curve use t he  " v i r g i n "  m a t e r i a l  y i e l d  s t r eng th  o r  t he  workhardened? 



733 

H Fuchs - 
The Haigh diagrams shown i n  t he  paper i n d i c a t e  on l y  gross y i e l d i n g  which extends 
beyond the  "peened depth," ( i . e .  t he  depth t o  which peening produced p l a s t i c  
deformation). For  t h i s  reason one should use t he  y i e l d  s t r eng th  of the  un-peened 
ma te r i a l .  Local y i e l d i n g  i n  t he  r o o t s  of notches w i l l  occur  a t  much smal le r  values 
of nominal s t ress .  

We know t h a t  shot peening remains e f f e c t i v e  i n  inc reas ing  t he  f a t i g u e  l i m i t  a t  
s t resses f a r  beyond those which produce y i e l d i n g  i n  t h e  r o o t s  of sharp notches. 
Therefore we use t he  nominal s t resses i n  p r e d i c t i n g  crack a r r e s t .  

I n  a d e t a i l e d  ana l ys i s  o f  t he  s t r ess  f i e l d s  a t  t he  t i p s  of small f a t i g u e  cracks 
o r i g i n a t i n g  f rom notches i n  shot  peened pa r t s ,  one would use t he  l o c a l  y i e l d  
st resses which may o r  may n o t  be s u b s t a n t i a l l y  d i f f e ren t  from t h e  b u l k  y i e l d  s t r ess  
o f  t he  un-peened m a t e r i a l .  The author  doubts t h a t  such an ana l ys i s  has y e t  been 
made. 

The changes i n  y i e l d  s t r eng th  a re  important  i n  those l e s s  f r equen t  a p p l i c a t i o n s  of 
shot  peening when i t  i s  used t o  improve t h e  wear r es i s t ance  o f  m a t e r i a l s  whose 
hardness and y i e l d  s t r eng th  a re  increased by peening. 

U Wol fs t ieg  

Dar f  i c h  zu I h r e r  Bemerkung, dass d i e  Analyse von Spannungs-und Eigenspannungs- 
ver te i lungen an scharfen Kerben nu r  m i t  der  F i n i t e n  Elemente Methode mag l ich  i s t ,  
erganzen: Am i n s t .  i n  Kar lsruhe wourde e i n  g e r a r t  e i n g e r i c h t e t ,  das rontgenograph- 
ische Eigenspannungsbestimmungen m i t  Messflachen b i s  herab zu 0,l nnn Durchmesser 
ermogl ichte.  Es konnen damit und i n  entsprechend scharfen kerben Messungen durch- 
ge fuh r t  werden. 

H Fuchs -- 
I am g lad  t o  l e a r n  t h a t  se l f  s t resses can now be measured by X-ray d i f f r a c t i o n  i n  
areas as small as O.lmm (0.004in). D e t a i l s  of t he  apparatus and measured da ta  on 
the  d i s t r i b u t i o n  of s e l f  s t resses i n  notches w i l l  be most welcome. 

SHOT PEENING AND FATIGUE OF MATERIALS, 
H WOHLFAHRT 

A N iku-Lar i  

Meinen S ie  n i c h t ,  dass d i e  haheren Eigenspannungen be i  gekerbten Proben dadurch 
zustande gekommen sind, dass d i e  gekerbten proben vo r  dem Kuge ls t rah len  gehar te t  
waren. 

H Wohl fahr t  

Wie i n  den B i l d e r n  3a und 3b zu sehen, lassen s i c h  t a t s a c h l i c h  be i  g e h i r t e t e n  
Proben, d i e  kuge lges t rah l t  werden, betragsmaBig grogere Druckeigenspannungen 
e r z i e l e n  a l s  be i  verguteten oder gar  be i  no rma l i s i e r t en  Proben. I n  B i l d  14a w i r d  
jedoch e i n  Eigenspannungsverlauf un te rha lb  der  Kerbgrundoberf l lche m i t  den Eigen- 
spannungsverlaufen un terha lb  g l a t t e r  Flachen be i  e insa tzgehxr te ten  Proben v o l l i g  
ubereinstimmender Har te  verg l i chen.  Der b e t r a c h t l i c h  grogere Druckeigenspannung- 
smaximal be t rag  un te rha lb  der  Kerbgrundoberf lache kann deshal b nur  der  fl iesbehind-  
ernden Wirkung der  Kerbe s e l b s t  zugeschrieben werden. 



C Sayettat 

Avez-vous itudii 1 'effet du grenaillage sur iprouvettes entaillies traities dans 
la masse. En particulier la stabilitg des contraintes r6siduelles lor8 des solli- 
citations dans ce cas. 

H Wohlfahrt 

Es wwaen aLrcngenened warmebehandelte gekerbte Prooen *~gelgesrrahlt. Sie zeigten 
in der Ooerflachenscnicnt vergleicnbar grosse Dr~ckeigenspann~ngen wie aie einsat- 
zgeharteten und kugelgestrahlten Proben. 

Es werden Versuche zum Verhalten der in Kerben vorliegenden Eigenspannungen bei 
Dauerschwingbeanspruchung durchgefihrt. Im Augenblick kann ich Ihnen aber noch 
keine Ergebnisse nennen. 

M Jouvie -- 
M WOHLFAHRT a indiqui qu'un grenaillage de pricontrainte d'iprouvettes entaill6es 
(entaille en forme de v, semble-t-il) avait provoqui des contraintes de compression 
autour de 1 'entail le. M WOHLFAHRT pense-t-il qu'on obtiendrait des resul tats sem- 
blables avec une entaille plus fermie? 

M Wohlfahrt 

Im Rahmen der vorgetragenen Untersuchungen wurden keine Eigenspannungsmessungen an 
Kerben unterschiedlicher Form ausgefiihrt. Man kann jedoch davon ausgehen, dag auch 
bei Kerben einer anderen, z.B. starker geschlossenen Form, ahnliche Ergebnisse wie 
bei der angewandten Kerbform zu erzielen sind, das heiBt gegeniiber dem Ergebnis 
unter glatten Flachen erhohte Druckeigenspannungsmaximalbetrage unterhalb Kerbgrun- 
doberflachen, Dabei mu6 natiirlich vorausgesetzt werden, da6 die Kerbe Uberhaupt 
noch hinreichend neit und der Kerbgrundradius noch hinreichend gros fur eine 
Kugelstrahl behandlung ist. 

Siehe auch Komnentar von Prof. Fuchs zu diesem Punkt. 

H Fuchs (Referring to the question of Mr Jouvie) 

Comment on the higher self stresses at the bottom of notches: 

TODD has shown such self stress concentrations by finite element analysis. Pub- 
lished in "Experimental Mechanics", Title: "Self stress concentration", year 
approximately 1973. 

J L Lebrun 

Dans votre graphique de la figure 8 vous montrez les am6liorations respectives de 
la tenue 2 la fatigue alternie dues aux contraintes r6siduelles et au durcissement 
apportees Par le grenaillage. Comment tracer le cas oG le grenaillage apporte un 
adoucissement superficiel du matiriau (cas des materiaux trSs durs figure 4). 

H Wohlfahrt 

Das ist eine sehr interessante Frage. Bei sehr harten Werkstoffzustlnden (2 700 HV), 
WO die RiBausbreitung unter der Oberflache beginnt, haben - wie im Manuskript 
angegeben - geringe Entfestigungen in oberflachennahen Schichten keine oder nur 
untergeordnete Bedeutung fur die durch Kugelstrahlen erzielbaren Wechselfestigkeits- 
gewinne. Man mu6 jedoch annehmen, da6 in etwas weniger harten Werkstoffzustanden 
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( 2  500 HV) kuge ls t rah lbed ing te  Entfest igungsvorgange d i e  e r re ichbare  wechse l fes t ig -  
k e i t  bee in t r ach t i gen  kannen, wenn d i e  zum Versagen fUhrenden Risse von der  Ober- 
f l ache  ausgehen, was aufgrund der  Ergebnisse von (21) i n  solchen Werkstoffzustanden 
zu vermuten i s t .  Untersuchungen, d i e  s i c h  unm i t t e l ba r  m i t  diesem Punkt befassen 
s i nd  m i r  n i c h t  bekannt. Es i s t  aber i n  d i e s ~ m  Zusamnenhang bemerkenswert, das von 
(2 )  i m  Bereich m i t t l e r e r  F e s t i g k e i t e n  1100 N /m2)  e i n  Minimum de r  kugel-  
s t rah lbed ing ten  Wechselfestigkeitszunahmen beobachtet wurde. 

U Wol fs t ieg 

D ie  Verwendung des Beg r i f f s  Spannungsabbau i s t  n i c h t  imner ganz k o r r e k t .  I n  Kugel- 
ges t rah l t en  T e i l e n  reag ie ren  d i e  v e r f e s t i g t e n  Randschjchten b e i  p l a s t i s c h e r  
Verfotmung anders a l s  das K e r m a t e r i a l .  Es komnt zu Anderungen de r  Eigenspannung- 
s v e r t e i l  ungen. 

H Wohlfahrt 

Es i s t  r i c h t i g ,  das be i  der  Schwingbeanspruchung eigenspannungsbehafteter T e i l e  
n i c h t  nur  e i ne  Verr ingerung de r  Betrage von Eigenspannungen ("Eigenspannungsabbau") 
e i n t r e t e n  kann, sondern j e  nach Werkstoffzustand, Betrag der  Ausgangseigenspannungen, 
Beanspruchungsart und Beanspruchungsamplitude auch Eigenspannungsanderungen der  A r t  
au f t r e ten  konnen, das 2.8. d i e  Oberflacheneigenspannungen betragsm8'6ig zunehmen 
oder gar  das Vorzeichen andern. So wurde b e i  der  Zug-Druck-Beanspruchung van 
Stahlen i n  Zustanden ge r i nge r  F e s t i g k e i t  und m i t  r e l a t i v  ger ingen Ausgangseigenspan- 
nungen e ine  Zunahme der  Oberflacheneigenspannungsbetrage i nne rha lb  der  e r s ten  Las t -  
wechsel beobachtet und au f  P las t i z i e rungen  i n f o l g e  e i ne r  gegeniiber dem Matr ixwerk-  
s to f f  e r n i e d r i g t e n  Oberf l Ichenstreckgrenze zurUckgef ih r t  (44). Bei werks to f fzus-  
tanden m i t  betragsmasig g r o w n  Eigenspannungen, w ie  s i e  beim Kuge ls t rah len  erzeugt  
werden, komnen aber nach b i she r i gen  Erfahrungen auser i n  extremen Sonder fa l len  
(Schwellbeanbeanspruchung m i t  Maximalspannungen i n  der  GrBBe der  Streckgrenze) 
d e r a r t i g e  E f fek te  n i c h t  oder zumindest n i c h t  sehr ausgepragt vor .  Es i s t  deshalb 
fur solche, p r a k t i s c h  w i ch t i ge  Zusttinde i n  e r s t e r  L i n l e  von Interesse,  ob e i n  
"Eigenspannungsabbau" a u f t r i t t  oder n i c h t  und welche Bedeutung e r  fir das 
Dauerschwingverhalten ha t .  Zusa t z l i ch  kann w i c h t i g  sein,  i nw iewe i t  der  Eigenspan- 
nungsabbau gleichmaBig oder ungleichmasig i iber dem Probenquerschni t t  e r f o l g t  
(s iehe  B e r i c h t  von P. Starker ,  H. Wohlfahrt und E. Macherauch). 

T Er icsson 

You showed t h a t  t he  compressive res i dua l  s t r ess  i n  a notch i s  h igher  than on a 
smooth surface. I s  t h i s  because some o f  t he  compressive res i dua l  s t r e s s  on t h e  
smooth surface adjacent  t o  t he  no tch  i s  t r ansm i t t ed  i n t o  t he  no tch  and superimposed 
on t he  "proper"  compressive res i dua l  s t r ess  i n  t he  notch? A consequence would then  
be t h a t  even if the  notch i t s e l f  i s  n o t  peened, one w i l l  anyhow observe a compres- 
s i ve  s t r ess  i n  t h e  notch bottom. 

H Wohlfahrt 

I n  t he  descr ibed experiments t he  notches themselves as we l l  as t h e  surrounding 
ma te r i a l  were shot peened. We have no d i r e c t  evidence about r es i dua l  s t r ess  d i s -  
t r i b u t i o n s  i n  notches which a re  n o t  peened w h i l s t  t he  surrounding m a t e r i a l  i s  
peened. Other i nves t i ga t i ons  (32) have shown t h a t  unpeened areas around i n d i v i d u a l  
shot indenta t ions  e x h i b i t  compressive res i dua l  s t resses.  However, i n  t he  case 
presented here I am sure t h a t  t he  notch e f f e c t  i t s e l f  - t h a t  i s  t o  say a m u l t i  
a x i a l  s t a t e  of stess and hence a h i nde r i ng  o f  p l a s t i c  f l o w  - i s  t h e  reason f o r  t he  

(44) S. Z iege ldor f  und H. C h r i s t i a n  (1978). Harterei-Teohn. M i t t . ,  33, 315-317. 
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e x t r a o r d i n a r y  h i g h  magnitude o f  compressive r e s i d u a l  s t r e s s e s  below t h e  notch 
sur face .  

R  M a r t i n  

Has any work been done on t h e  e f f e c t s  o f  shot-peening on f r e t t i n g  damage? 

H Woh l fahr t  

I am r a t h e r  su re  t h a t  i n v e s t i g a t i o n s  have been made on t h e  e f fec ts  o f  shot-peening 
on f r e t t i n g  damage. Bu t  a t  t h e  moment I cannot t e l l  you any r e s u l t s .  

5a SPRINGSTEELS 

INFLUENCE DU GRENPILLAGE DE PRECOYTRAINTE ET DE LA RUGOSITE 
AVANT GRENAILLAGE SUR LA TENUE EN SERVICE 

D'ACIERS A  RESSORTS 
C GRANOTTIER 

C Verpoor t  - 
I would l i k e  t o  make a  s h o r t  comment on sur face roughness a f t e r  sho t  peening and t h e  
l o s s  o f  we igh t  d u r i n g  peening. 

P r o f .  Edington ( U n i v e r s i t y  o f  Delaware, Newark, USA) who i s  work ing i n  e r o s i o n  by 
hard p a r t i c l e s  found a  v e r y  h i g h  s u r f a c e  s t r a i n  of c = -5  i n  t h e  case o f  a  copper 
s i n g l e  c r y s t a l  a f t e r  e r o s i o n .  The l o s s  of we igh t  d u r i n g  e r o s i o n  o r  sho t  peening 
i s  due t o  t h i s  h i g h  s t r a i n ,  c r a c k  i n i t i a t i o n  a t  these  o v e r l a p s  and f i n a l  f r a c t u r e .  
I n  F i g .  1  you see these  o v e r l a p s  and f l a k e s .  I n  t h e  t a p e r s e c t i o n s  o f  these  over laps  
we f i n d  deep notches. These notches a r e  n o t  d e t e c t e d  dur!ng mechanical measurement 
o f  t h e  sur face roughness b u t  t h e y  l e a d  t o  an e a r l y  c r a c k  i n i t i a t i o n  i n  t h e  sho t  
peened surface e s p e c i a l l y  a f t e r  overpeening. 

As mentioned a l r e a d y  t h e  l o s s  of we igh t  i s  a  f u n c t i o n  o f  m i c r o s t r u c t u r a l  parameters 
l i k e  work-hardening, y i e l d  s t r e s s ,  i n i t i a t i o n  and p ropaga t ion  o t  Cracks and t h e  
f r a c t u r e  toughness. To show t h i s  e f f e c t  we i n v e s t i g a t e d  two d i f f e r e n t  hea t  t r e a t -  
ments, an aged c o n d i t i o n  ( C o n d i t i o n  B) and an over-aged c o n d i t i o n  ( C o n d i t i o n  F ) .  
The m a t e r i a l  used was a  p r e c i p i t a t i o n  hardenable a u s t e n i t i c  s t e e l ,  A  286. I n  F i g .  2 
t h e  l o s s  o f  we igh t  i s  p l o t t e d  as a  f u n c t i o n  o f  t h e  sho t  peening t ime.  The p res -  
su re  o f  5 (10)  b a r  corresponds t o  a  b a l l  v e l o c i t y  of 20 (30) m ls .  The overaged 
c o n d i t i o n  w i t h  a  lower  d u c t i l i t y  and lower  mechanical p r o p e r t i e s  shows a  h i g h e r  
r a t e  o f  e r o s i o n  than  t h e  aged c o n d i t i o n .  

F i g .  1: Sur face roughness a f t e r  sho t  
peening, SEM and l i g h t -  
microscopy. 

F i g .  2:  Loss of we igh t  as a  f u n c t i o n  
o f  t h e  s h o t  peening t i m e  f o r  
aged ( c o n d i t i o n  B) and over-  
aged ( c o n d i t i o n  F )  c o n d i t i o n s  
f o r  two d i f f e r e n t  v e l o c i t i e s .  
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DER EINFLUSS DES KUGELSTRAHLENS AUF DIE DAUFRFESTIGKEIl 
VON BLATT UND,. PARABELFEDERN , 

G KUHNELT 

M r  K i e f e r  

Wie i s t  b e i  den Untersuchungen " E i n f l u s s  b e i  E rhoh te r  Temp." d i e  Z e i t  b e r i l c k s i c h t i g t ?  
G i b t  es Langzeit-Versuche z u r  U b e r t r a g b a r k e i t  a u f  d i e  P r a x i s ?  

G Ki ihnel t  

D i e  Proben werden Ca.1/2 H  v o r  dem Tes t  erwarmt und dann i n  KUrzer Z e i t  zum Bruch 
gefahren. 

U  W o l f s t i e g  (General Remark) -- 
(nach e i n e r  langeren  D iskuss ion  a l s  l e t z t e r  D i s k u s s i o n s b e i t r a g : )  

Grundsa tz l i ch  f u h r t  d i e  P l a s t i f i z i e r u n g  e i n e r  Probe m i t  v e r f e s t i g t e m  Rand wenn 
gereck t  w i r d  ( p o s i t i v e  p l a s t .  Dehnungen) zu Zugeigenspannungen im Rand, wenn 
gestaucht  w i r d  ( n e g a t i v e  p l a s t .  Dehnungen) zu Druckeigenspannungen im Rand d e r  Probe. 
Bei Versuchen m i t  einem Feders tah l  a h n l i c h  dem i n  B e i t r a g  5 genannten s t a h l  z e i g t e n  
Kuge lges t rah l te  und 1% gereck te  Proben e i n e  E r n i e d r i g u n g  d e r  Dauerwechse l fes t igke i t  
gegenuber d e r  ganz unbehandelten Probe, K u g e l g e s t r a h l t e  und 1% gestauchte Proben 
e i n e  Erhohung d e r  Dauerwechse l fes t igke i t ,  d i e  jedoch d e u t l i c h  u n t e r  d e r  k e r  
k u g e l g e s t r a h l t e r  Probe b l i e b .  

ROLE DU GRENAILLAGE SUR LA DUREE DE VIE EN TORSION 
ONDULEE D'UN ACIER A RESSORT TRAITE A  HAUT NIVEAU 

DE RESISTANCE 

J HEINRICH, C  MAS, R LEMAITRE, J P  LUMET & M BOUSSEAU 

R HENRI 

1 )  I n f l u e n c e  de l a  temp6rature aprPs l e  sho t  peening 

2 )  Q u a l i t i  du sho t  peening s u r  p i k e  chau f f6e  2 100 - 200 - 300 - 400°C. 
In f luence  s u r  l a  tenue aux f l e x i o n s  a l t e r n 6 e s  e t  s u r  l e  f l uage  des r e s o r t s  
fabr iqu6s B chaud B p a r t i r  d ' a c i e r s  C r  SC7, 45 SCD6 de O f i l  10  .3 20 mm 

En ce q u i  concerne nos r G s u l t a t s ,  un revenu apres l e  g r e n a i l l a g e  diminue s e n s i b l e -  
ment l e s  c o n t r a i n t e s  r 6 s i d u e l l e s  e t  l a  d u d e  de v i e  de nos 6prouve t tes .  Nous 
n 'avons pas e f f e c t u e  de g r e n a i l l a g e  s u r  des eprouve t tes  chau f fces  

5b AUSTENITIC AND OTHER STEELS 

INFLUENCE OF SHOT PEENING ON THE FATIGUE BEHAVIOUR OF A 
PRECIPITATION HARDENABLE AUSTENITIC STEEL, 

E  HORNBOGEN, M THUMANN & C VERPDORT 

H 0  Fuchs 

I hou ld  l i k e  t o  ask t h e  au thors  t o  g i v e  some more i n f o r m a t i o n  about  t h e  m ic ro -  
s t r u c t u r e  a t  h i g h  temperature.  



C Verpoort  

For  a high-temperature-component l i k e  a t u r b i n e  b lade i t  i s  ve ry  impor tan t  t o  have 
a good creep res is tance .  Therefore a l a r g e  g r a i n  s i z e  i s  used. (++ i n  t a b l e  1 ) .  
I n  add i t i on ,  t he  c rack  propagat ion of m a t e r i a l s  w i t h  a l a r g e  g r a i n  s i z e  i s  very  
slow (++ i n  t he  t a b l e )  because o f  t he  r e v e r s i b i l i t y  of s l i p  a t  t he  c rack  t i p .  Th i s  
i s  one poss ib l e  exp lanat ion  as shown i n  t he  model of Hornbogen and Zum Gahr. (1,Z). 
If the  y ' - p a r t i c l e s  a re  sheared (Fig.  1 )  we f i n d  a c rack  propagat ion o f  n.b. 
Dur ing c rack  propagat ion some d i s l o c a t i o n s  can s l i d e  back one t he  same s l i p  p lane 
so t h a t  t he  f i n a l  propagat ion i s  o n l y  ( n  - nR).b. 

On t he  o the r  hand t he  c rack  i n i t i a t i o n  behavior  of a m a t e r i a l  w i t h  a l a r g e  g r a i n  
s i ze  i s  bad ( -  i n  t he  t a b l e )  because many d i s l o c a t i o n s  p i l e -up  i n  a s l i p  band lead- 
i n g  t o  an e a r l y  crack i n i t i a t i o n  a t  h i gh  s l i p  s teps i n  t he  surface. (F ig.  2 ) .  The 
bes t  p o s s i b i l i t y  t o  r e t a r d  an e a r l y  crack i n i t i a t i o n  i s  t o  d isperse  t he  p l ana r  d i s -  
l o c a t i o n  movement. A ve ry  e f f e c t i v e  way i s  t o  c rea te  a m ic ros t ruc tu re  which shows 
a d i spe rs i on  o f  incoherent  p a r t i c l e s  and a dense network of sub-grainboundaries 
(++ i n  the  t a b l e )  in t roduced by sho t  peening. Therefore we f i n d  a good crack 
i n i t i a t i o n  i n  t he  surface (small  g ra i ns  o r  subgrains) ,  a good creep res i s t ance  i n  
t he  i n t e r i o r  ( l a r g e  g r a i n s )  and a good res i s t ance  aga ins t  c rack  propagat ion i n  t h e  
i n t e r i o r  ( l a r g e  g ra i ns ) .  

The combination o f  a l l  these p o s i t i v e  e f f e c t s  leads t o  an optimum fa t i gue  l i f e  a t  
h i gh  temperature. W. Renzhi e t  a2 presented a paper a t  t h i s  conference about sho t  
peening and h i gh  temperature fa t igue .  They found t he  same r e s u l t s  f o r  d i f f e r e n t  
superal l oys .  

References 

1 )  E. Hornbogen, K.H. Zum Gahr, (1976). Acta Met. 3, 581. 

2 )  S. Floreen, R.H. Kane, (1980). Proceedings of t he  Four th  I n t e r n a t i o n a l  
Symposium Superal loys, ASM, Metals  Park, Ohio, 595. 

Table 1 : The e f f e c t  of m i c r o s t r u c t u r a l  parameters on High-Temperature-Fatigue: 

l a r g e  g r a i n  / s i z e  1 - I ++ 1 +t 

Crack 

I n i t i a t i o n  

Crack 

Propagation 

small g r a i n  
o r  subgrain 

s i z e  

Creep 

++ - - 



Fig .  1: Model o f  Hornbogen and Zum Gahr 
about r e v e r s i b i l i t y  o f  s l i p  a t  
a  crack t i p ,  ( r e f .  1 ) .  

F i g .  2 :  Surface deformation of a  
ma te r i a l  w i t h  a  l a r g e  o r  a  smal l  
g r a i n  s i ze .  



Stress corrosion 
Corrosion sous tension 

Spannungsrisskorrosion 

SHOT PEENING AND STRESS CORROSION, M 0  SPEIDEL 

G P Ba lcar  

With respec t  t o  t he  poss ib l e  reasons f o r  t he  e f f ec t i veness  of g lass  bead secondary 
peening we have observed what we t h i n k  i s  h i ghe r  hardness o f  t he  compressed l a y e r  
a f t e r  the  second peening w i t h  g l ass  o r  poss ib l y  a  peak hardness c l o s e r  t o  t he  
surface. We have t h i s  under s tudy.  

W. Kohler 

I n  your  l a s t  s l i d e  you recommended a.0. a f t e r  sho t  peening w i t h  s t e e l  sho t  t o  
peen w i t h  g lass  beads t o  e l i m i n a t e  the  i m p u r i t i e s  from the  sur face  o f  aluminium- 
a l l o y s  and t o  p revent  herewi th  p i t t i n g  cor ros ion .  I may warn however o f  t h i s  p ro -  
cedure. We made such a  t reatment  a t  a  AlZnMg-alloy w i t h  the  r e s u l t  t h a t  the  
danger o f  p i t t i n g  co r ros i on  was increased, as the  i r o n - i m p u r i t i e s  were n o t  e l i m i n -  
a ted  b u t  s t ronger  pressed i n  t he  aluminium sur face by t he  peening w i t h  g lass  
beads. Only by a d d i t i o n a l  wet peening by t he  so c a l l e d  TMSH-method can t h ~  
i m p u r i t i e s  be e l im ina ted  f rom the  aluminium surface. 

M 0  Speidel 

Thank you f o r  your  remarks. 

General remarks 

R  Livesey 

I am concerned a t  t he  number of f a t i gue  t e s t s  presented which g i ve  poor r e s u l t s  
f o r  peening where t he  t e s t  i s  an a x i a l  type, p a r t i c u l a r l y  a t  h i g h  s t r ess  l e v e l s  
and p r i m a r i l y  o f  t he  push-pul l  type, where very  r a p i d  s t r e s s  l o s s  can occur  and 
the  r e s u l t  ends up o n l y  comparing the  r e l a t i v e l y  rough peened sur face  w i t h  a  smooth 
l abo ra to r y  specimen and b e n e f i c i a l  e f f e c t s  o f  the  r e s i d u a l  compressive st resses a re  
l o s t .  

N  E Robinson 

Shot peening toge ther  w i t h  a surface p r o t e c t i o n  system aga ins t  co r ros i on  go a  l ong  
way towards p revent ing  s t r ess  co r ros i on  cracking.  I would l i k e  t o  know what i s  t he  
max: exposure t ime t o  t h e  atmosphere a f t e r  sho t  peening? 

S i .  X X  
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M 0 Speidel -- 
I am so r r y  I do n o t  have the  answer t o  t h a t  ques t ion  

UNTERSUCHUNGEN LUR VERBESSERUtiG DER SPANNUNGSRISSKORROSIONS-BESTANDIGKEIT 
EINER GESCHWEISSTEN HOCHFESTEN AL-LEGIERUNG DURCH KUGELSTRAHLEN 

W KOHLER 

I1 Schiitz 

I t  i s  very he lp fu l  t h a t  the  author  a t  l e a s t  mentioned s c a t t e r  i n  f a t i g u e  l i f e ,  
because i t  i s  a very  impor tan t  parameter. However, i n  F i g .  5, the  impression i s  
g iven t h a t  s c a t t e r  decreases w i t h i n  numbers o f  cyc les  t o  f a i l u r e  f o r  shot peened 
specimens and increases f o r  t he  unpeened specimens. The former i s  con t ra r y  t o  
a l l  t he  a v a i l a m d e n c e  ( s c a t t e r  always increases w i t h  numbers o f  cyc les  t o  
f a i l u r e s ) .  

Fur d i e  Berechnung der  Zeitschwingfestigkeits-Geraden wurden f u r  das unges t rah l te  
und kuge lges t rah l t e  Ma te r i a l  j ewe i l s  20 Proben gefahren und ausgewertet.  Wir s i n d  
uns bewust, das fur e ine  v e r l a s l i c h e r e  Auswertung auch im H i n b l i c k  au f  d i e  Streu-  
b r e i t e  e ine  noch gragere Anzahl von Proben notwendig gewesen ware. 

Die Abnahme der  S t reub re i t e  m i t  der Zyklenzahl be i  den kuge lges t rah l t e r  Ma te r i a l  
wurde durch zwei Proben, d i e  be i  ger inger  Zyklenzahl zu Bruch gingen, verursach t .  
Dieser  E f f e k t  ware be i  e i n e r  besseren S t a t i s t i k  wohl n i c h t  au fge t re ten .  

A Snowman -- 
Was the re  any r e l a t i o n s h i p  between t he  s i z e  of t he  bead used, t he  coverage and the  
surface f i n i s h  (RMS va lue)  of t he  samples? We have found t h a t  l a r g e r  diameter 
beads normal ly  g i ve  a rougher sur face  f i n i s h  and t h a t  m u l t i  coverage w i t h  smal le r  
diameter beads g ives  a smoother sur face? 

Was t he  sur face  f i n i s h  o r  smoothness o f  samples 6 and 7 cons iderab ly  b e t t e r  than 
t h a t  of samples 1 t o  5? 

The samples w i t h  s i n g l e  coverage had a smoother sur face  f i n i s h  than the  samples 
w i t h  m u l t i  coverage. But  t he re  was no r e l a t i o n s h i p  between sur face  f i n i s h  and 
t he  much improved S.C. r e s u l t s  w i t h  samples 6 and 7.  

R Clausen 

B i t t e  geben S ie  d i e  "op t im ie r t en  Bedingungen" an, d i e  zur  wesent l ichen Ste igerung 
der  Spannungsrisskorrosionsbestandigkeit g e f l h r t  haben (s iehe  Abb. 3, no. 6 und 7 ) .  

W Kohler 

I n  der  Regel beg inn t  d i e  R i ~ b i l d u n g  i n  der  Bindezone an der  Wurzel der  Schweienaht. 
Wir haben daher an der  Wurzel der  Naht e i ne  zusa t z l i che  Debandlung auBer der im 
Paper angegegenen Strahlbehandlung angewendet. Da d i e  Untersuchungen noch n i c h t  
abgeschlossen s ind,  kann i c h  h i e r z u  n i c h t s  Naheres angeben. 



SOME COMMENTS 011 SHOT PEENING AND HYDROGEN 
EMBRITTLEMEiiT OF IlICKEL 

D  3 DUQUETTE, N S STOLOFF & C  VERPOORT 

INTRODUCTION 

It i s  w e l l  known t h a t  sho t  peening has a  b e n e f i c i a l  e f f e c t  on s t r e s s  c o r r o s i o n  
c rack ing ,  f r e t t i n g  f a t i g u e  and delayed f a i l u r e  (McNi t t ,  1972). Some a d d i t i o n a l  
comments on t h e  e f f e c t  o f  sho t  peening on hydrogen e m b r i t t l e m e n t  should be made 

Many m a t e r i a l s  l i k e  s t a i n l e s s  s t e e l ,  z i r con ium,  7075 a lumin ium and v a r i o u s  s t e e l s  
show a  r e d u c t i o n  i n  d u c t i l i t y  i n  t h e  presence of hydrogen, o f t e n  accompanied by a  
change i n  t h e  f r a c t u r e  mode. The i n i t i a t i o n  s i t e  f o r  c racks  i s  dependent on t h e  
weakest i n t e r f a c e  i n  t h e  presence o f  hydrogen. (Ashok e t  a l ,  1981). 

EXPERIMENTAL PROCEDURE 

Fa t igue  t e s t s  were per formed on pure n i c k e l  (99.99% N i )  w i t h  an average g r a i n  s i z e  
o f  270 pm. The c y l i n d r i c a l  Specimens were sho t  peened w i t h  s t e e l  sho t  S 230 (SAE 
standard J 444) and an A l m e n - i n t e n s i t y  A2=0.25 mm. The t e s t s  were c a r r i e d  o u t  i n  
a  vacuum chamber a t  a  f requency o f  20 Hz and a  s t r e s s  r a t i o  o f  R  = -1. U l t r a  h i g h  
p u r i t y  hydrogen and argon (99.999% p u r i t y )  p u r i f i e d  by an a d d i t i o n a l  gas p u r i f i e r  
and a  l i q u i d  n i t r o g e n  c o l d  t r a p  were used f o r  t h e  t e s t s .  The gas f l o w  r a t e  was 
k e p t  cons tan t  (0.25 i / m i n . )  a t  a  pressure o f  2 atm. 

RESULTS AND DISCUSSION 

The i n v e s t i g a t e d  m a t e r i a l  shows f a t i g u e  c rack  i n i t i a t i o n  a t  g r a i n  boundar ies i n  
hydrogen atmosphere w h i l e  i n  an i n e r t  environment (argon o r  vacuum) t r a n s c r y s t a l l i n e  
crack i n i t i a t i o n  i s  found. ( F i g .  1)  The f a t i g u e  l i f e  i n  hydrogen gas i s  about  
5-10 t imes s h o r t e r  than  i n  argon. ( F i g .  2 )  The c racks  propagate a long  g r a i n  

F i g .  1 :  F a t i g u e  f r a c t u r e  su r face  of 99.99% M i  t e s t e d  i n  hydrogen. 

S P .  "I 



- - I I boundaries. A t  h i g h  m a g n i f i c a t i o n  
E E210 9 9 9 9 %  Nickel Push-Pull .  R = - 1  

s t r i a t i o n s  can be seen on these 

- I M l  P*","* C d l l  o n  
g r a i n  sur faces .  The spacing be- 

o, a.nTs- <,m tween these s t r i a t i o n s  and steos i s  
r e l a t e d  t o  the  t ime f o r  t h e  d i f f u -  
s i on  o f  hydrogen f rom t h e  o l d  crack 
t i p  t o  the  new one. The r a t e  of 
crack growth i s  determined by t h e  
t r a n s p o r t  o f  hydrogen t o  the  crack 
t i o .  su r face  r e a c t i o n  w i t h  t h e  new " 1  , \ ,  crack surfaces and d i f f u s i o n  of 
hydrogen t o  t h e  e m b r i t t l e d  zone 

120 ahead o f  the  runn ing  c rack .  (Wei, 

10' I@ l@ lb Di' 
1981 ) 

Number of Cycles A f t e r  sho t  oeenina the  f a t i o u e  l i f e  
i n  hydrogen'as w e i l  as i n  a igon  i s  

F i g .  2 :  S-N-curve f o r  un t r ea ted  and sho t  increased s i g n i f i c a n t l y .  Su rp r i s -  
oeened soecimens. i n a l v .  even a f t e r  t h e  sho t  oeenino 

t reatment  crack i n i t i a t i o n  a t  g r a i n  
boundaries i s  found i n  hydrogen-tests .  I t  seems t o  be t h a t  slowed d i f f u s i o n  of 
hvdronen i n  the  orooaaat ina crack i s  r e l a t e d  t o  crack c l osu re  e f f e c t s .  I n  aroon 
&e cFacks a re  i n i t i a t e d  a t  s l i p  bands. I n  t h e  r eg i on  of t e n s i l e  r e s i d u a l  stFesses 
a zone o f  g r a i n  boundary cracks i s  observed. (F i g .  3 )  

CONCLUSIONS 

Shot peening s i g n i f i c a n t l y  improves the  HCF- l i fe  o f  99.99% Ni i n  bo th  argon and 
hydrogen atmosphere. I n  t h i s  case, t h e  mic ro  crack growth r a t e  i s  re ta rded  by t h e  
compressive r es i dua l  s t resses  i n  the  sur face l a y e r .  

This  work 1 Science Foundation under Cont rac t  DMR 
80-09241. 
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F ig .  3:  Fa t igue  f r a c t u r e  surface of sho t  peened specimens. 
a )  i n  hydrogen b )  i n  argon 



Peen forming 
Grenaillage de formage 
Kugelstrahl - Umformen 

KUGELSTRAHL - UMFORMEN - EIN FLEXIBLES UMFORMVERFAHREN, 
R KOPP & K P HORNAUER 

H 0 Fuchs 

What i s  the (highest)  Almen i n t e n s i t y  used f o r  t he  severe forming (of tubes)? 

m 
Wir haben keine Almenwerte p a r a l l e l  gefahren. 

H 0 Fuchs 

Do you know of any detr imental  effects of the t e n s i l e  s e l f  stresses which you 
showed? 

Spannungsriss kor ros ion - Versuche bei  vergleichbaren Spannungen ver l ie fen p o s i t i v  

INVESTIGATIONS ON PEEN FORMING 
K KONDO, S TSUZUKI & A KATO 

H 0 Fuchs 

Regarding l e s s  roughness w i t h  l a r g e r  b a l l s :  This i s  conmonly found if the  EFFECT 
i s  he ld  CONSTANT (bulge height ,  Almen i n t e n s i t y ,  depth of compressive s t ress  e t c  . . . )  
Only if VELOCITY (or a i r  pressure o r  drop he ight )  i s  CONSTANT we see more roughness 
w i t h  l a r g e r  ba l l s .  It seems t o  me t h a t  p l o t t i n g  for  constant v e l o c i t y  i s  r a t h e r  
misleading and p l o t t i n g  f o r  constant Almen i n t e n s i t y  i s  more i n s t r u c t i v e .  

K Kondo 

We agree w i t h  your remarks because Almen i n t e n s i t y  i s  a su i tab le  and standardized 
t e s t  value which represents the i n c l u s i v e  forming e f fec t .  We used bulge he ight  o r  
peening energy as a simple parameter t o  sumnarize a l a rge  volume o f  basic t e s t  data. 



And as you i nd i ca ted  i n  your  remarks bulge he igh t  i s  thought  t o  represent  n e a r l y  
t he  same i n c l u s i v e  forming ef fect .  

R S Livesey 

1. For re fe rence purposes a method f o r  curva tu re  measurement u t i l i s i n g  t h i n  
c y l i n d e r s  has been used now f o r  some 15 t o  20 years.  

2. When ana lys ing  t h e  unusual e f f e c t s  o f  reversed curva tu re ,  account must be taken 
o f  t he  res i dua l  impulse energy o f  t h e  shot which can f o r c e  t h e  ma te r i a l  t o  
change i t s  curva tu re  w i t h i n  a f i x e d  frame and keep i t s  new shape due t o  t he  
rev i sed  e l a s t i c  s t resses w i t h i n  an expanded p l a s t i c  surface. The new shape 
w i l l  then tend t o  ho ld  i t s  p o s i t i o n  owing t o  t h e  res i dua l  compressive s t resses  
a c t i n g  about t he  p o l a r  neu t ra l  a x i s  of t he  complete shape r a t h e r  than about 
t he  basic neu t ra l  ax i s  o f  a d i s c r e e t  element of t he  m a t e r i a l .  

K Kondo 

Thank you f o r  your  remarks. 

BALL-DROP PLATE BENDING: AN EXPERIMENTAL STUDY OF 
SOME OF I T S  PROCESS VARIABLES 

S K GHOSH, W JOHNSON & A G MAMMALLS 

J F Loersch - 
Why are  your  s a t u r a t i o n  curves (F igure  5 )  vs. t o t a l  weight  dropped i n d i c a t e  a 
s t r a i g h t  l i n e  func t ion?  Th i s  does n o t  appear t o  me t o  be a normal s i t u a t i o n  i n  
shot  peening. 

S K Ghosh 

A s a t u r a t i o n  curve has bo th  a s t r a i g h t  p o r t i o n  where t he  r a t e  o f  inc rease i n  t he  
curva tu re  o f  workpiece i s  p ropo r t i ona l  t o  t he  t o t a l  weSght of b a l l s  dropped, and a 
curved p o r t i o n  which i n d i c a t e s  t he  i n i t i a t i o n  o f  t he  s a t u r a t i o n  phenomenon. I n  t he  
p resent  i n v e s t i g a t i o n ,  t he  experiments on ( s o f t )  d u c t i l e  m a t e r i a l s  had t o  be d i s -  
continued almost imned ia te ly  a f t e r  t he  a t ta inment  o f  t h i s  * s t r a i g h t  l i n e "  behaviour, 
because f u r t h e r  drop of b a l l s  gave r i s e  t o  de fec t s  such as dimples, in tense  l o c a l  
t h i n n i n g  and cracks, w i t h  sho t  sometimes producing holes through t he  sheet; t h e  
associated curva tu re  does a l s o  reverse;  a t  l e a s t ,  i n  t h e  c e n t r a l  r eg ion  of t h e  work- 
p iece.  I n  t he  t h e o r e t i c a l  sense, t he re fo re ,  we have n o t  a r r i v e d  a t  near t he  
sa tu ra t i on  o r  "curved" behaviour. 


