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Case 1. Shot-peening plsin rotating-bending specim 
of high-strength steels.  

Case l a .  Unaotched rotating-bending specbens of F- 
strength s t ee l  polished af te r  peening. 

Case lb .  Shot-peening notched rotating-bending spec 
of hi&-strength s tee ls  

Case 2. Reversed-bend fatigue of f l a t  specimens o 
s teel ,  shot-peened with end without appli  

Case 3. Shot-peening rotating-bending specimens o 
aluminium alloy. plain and notched, inclu 
the effect of polishing a f t e r  peening. 

Case 4. Shot-peening and wpour-blasting in assoc 
ni th other surface finishes, a s  applied t 
alloys. 

Case b. G r i t  blasting in association with metal s aying, 
applied t o  high-strength a l d u m  alloys tested 
under ooms ion  conditions. f 

Case 5. Wet blasting of titanium with .OOil' glass beads. 

Case 6. Peening of aluminium alloy with aluminium shot. 



Basic Feature. Shot-peening plain rotating-bending 
spacimens of high-3trene.h steels.  

Mafn Sources. A. Mattson and Alemn ( 1 9 ~ ) .  
B. H a r r i s  (1961) 

Materials. A : Steel X 4 4 0  : U.T.S. 145,000 lb./sq.in.: 
Bockwell C23-26. 

B : 3$ ~i-h. Steel S.11 If. treated t o  U.T.S. 
48.9 t o  129.4 tons/aq.in. 

Porn of t e s t  oiece. A : R.R. Moore specimens, longitudinal 
prof i le  about 8" radius of curvature. 

Peening. 

B : Plain rotat ing bending, othemise 
not specified. Probably 0.3" o r  
so diameter. 

A : .&On t o  .055" iron shot: Alaen 
s f r lp  0.WA and 0 . 0 U  

B : .031n shot: 50 lb./aq.in. for  3 ndns. 
a t  6" nozile/workpiece distance. 

Residual Stresses. No measurements given. Estimates:- 

A : 100,000 lb/sq.in.. depth not !am. 

B : 92,000 to 125,000 lb/sq.in.: effeotive 
depth .0)0". 

Fat ime Test R-. A : Fig.C.1 .I, i n  effect. - 
no improvement due t o  peening. 

B : Plg.Ci .2. Improvement a t  lowest 
U.T.S. condition, but generally 
no improvement. 

Other reports:- Those are nunemus. Two represerrtative ones are 
n c ~ u r r i c h  (1950). who found a 9 improvement i n  fatigue limit compsred 
rith a turned finish, (0.6~ s tee l ,  U.T.S. 62 tons/sq.in.), and Coombs 
80 al. m, finding fatigue limits a f t e r  peening were very much the  
same a s  those due t o  a polished surface (0.77~ steel ,  U.T.S. 116 torrs/ 
sq.in.). 

Discussion. The twen$y-yoars old report of Mattson and Almen (1944) was 
chosen a s  a main i l lus t ra t ion  in  t h i s  case because it shows quite 
clearly, in  spi te  of the small numbor of t e s t s ,  t ha t  when stress- 
concentration effects  ere oompletoly absent, shot-peening does = 
usually improve fatigue strength. Although t h i s  has been emphaaised 
by a number of m i t e r s ,  it i s  still somotjuLes overlooked. The fatigue 
r a t i o  fo r  polished specimens i s  0.48, indicatin that  f a i lu re  i s  
dominated by the c r i t e r i a  f o r  orack in i t i a t ion  t o r  early shearing 
propagation ?): thus even tho 100,000 lb/sq.in. residual oompression 
predicted w i l l  do l i t t l e  t o  improve the  fatigue U t .  



I 
I H a r r i s  (1961) confims and enlarges upon th i s  p: 
i 
! 311 ate01 in different conditions of temper. For U 3 . S .  . 

and 111.7 tons/sq.in. shot peening causes no significant I 

with the polished condition: a t  1 2 9 4  tcns/sq.in. tho of: 
presunebly becauro of the sensitivity of such a hard stee: 
surface damage. 731% lortemper condition, 43.9 tons/sq.$ 
ment, ahcost certainly due t o  i ts  ab i l i t y  t o  work-hardon: 
ia fatigue l i m i t  i s  amongst the highest rcportod i n  condi' 
could not be relied on for  a l l  W a r  materials. 

Conclusion 

Shot peening does Leprovo tho rotat lnrbend 
of bigh-tensile s teels  (U.T.S. 60 tons/sq.in. upwards) i n  
condition. Lorerstrangth s tee ls  (50 tons/sq.in. or l e s s  
slightly, but this i s  duo t o  the contribution of work-ham 
the residual s t ress  elfect normalAy expected from mechani 

~ t u r e ,  test ing the 
dues  between 64.8 
lange as  compared 
act i s  de t rben ta l ,  
t o  geometrioal ., gave an improvo- 
tho X$ improvement 

Lons l i ko  th is ,  and 

39 fatigue strength 
the un-notched 
may be improved 

ening, rather than 
s l  surface treatments. 
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LIFE, C X u S  
ME I o - n - r ~  

FIG. Cl .1  TEST RESULTS, FATIGUE CASE 1. 
EFFECT OF SHOT PEENIN6 ON THE FATIOUE LIFE OF SUPERFINISHED ROTARY-tifNDINC 
TVPF SPECIMENS ALSO EFFECT OF WIPERFINUHlW3 V T L R  SHOT PEENING 



U.T.S. tons/sy.in. 129.b 

Fiyure C1.2 The influence of  shot-peening on the basic fatisue 

s trenah of S.11 s t ee l  i n  various teat-treatment 

conditious (Harris. 1961) 



5. - 
CASE la .  - 
Basic Feature. h-notched rotating bending specimens or  high strength 

s tce l  polished a f t e r  peening. 

Source. - Combs, Shematt and Pope (1956). 

Material. 0 . m  C Steel, U.T.S. 116 tons/sq.in. 

Form of test-picce. Rotating cantilever, c r i t i c a l  diameter 9/64", 
longitudinal profi le  1:" radius. 

peen in^ Chilled i r c ~  shot, 0.060" dia.: nozzle pressures 30 and 
50 lb/sq.in.: about JO seconds exposure, specimen 
revolving 6" from nozzle. 

Residual stresses. No measurements: estimated 180,'XKl lb/sq.in. 
about 0.01 5" deep. 

Fat ime t e s t  resul ts .  Fig.Cla.1. Peening followed by polishing ra ises  
fatigue limit t o  about 58 tons/sq.in. (0.5 x u.T.s.), 
compared with 49 tons/sq.in. fo r  both polished specimens 
without peening and peened specimens without subsequent 
polishing. 

Other reports . - hlattson and Almen (1944) using plain R.R. Moore specimens 
of X-l&.O s tee l  treated to  145,000 lb/sq.in. U.T.S., found 
that  peening with 0.040" shot did not give a s  high a fatigue 
l imit  a s  superfinishing, but super-finishing after peening 
gave a higher fatigue l imi t  than did superfinishing alone. 

Discussion Thero i s  no doubt tha t  polishing h e r  peening gives a 
substantial im~rovement in t h i s  case. It is si&icant. 
though, that  &en peening p l u ~  polishing does not improve 
the fatigue l i m i t  beyond 0.5 times the U.T.S. This 
sugeests tha t  a fatigue r a t io  of 0.5 is still the hi&& 
achievable, even with the extra polishing process, end tha t  
i f  peening alone i s  nearly aohieving t h i s  value, l i t t l e  
extra benefit w i l l  come from a polishing operation. It may 
well be that  a fatigue s t ress  of 0.5 U.T.S. i s  high enough t o  
i n i t i a t e  and propagate sub-suPPace cracks, and the authors 
did observe sub-surface crack formation I n  many of the i r  
specimons. Once this becomes the usual fai lure mode, 
modifications of the peening process cannot be expected to 
give any further improvement. 

The authors suggest that  polishing after peening causes 
an improvement because the layer having tho greatest residual 
s t ress  is thus brought t o  the surface. There i s  some doubt 
about the val idi ty of t h i s ,  since the maxLrnum compressive 
stress i s  not always below the surface: it seems more l ike ly  
tha t  rsmoval of the damaged surface layer, containing a t  l e a s t  
pi ts ,  end possibly short cracks, i s  a mom important factor.  
A few resul t s  fo r  the sane s tee l  tempered t o  a softer condition 
showed tha t  peening did not give quite such a high fatigue l i m i t  
a s  did polishing, so that  peening i s  l e s s  effective on the 
softer steel. Examination of a peened str ip,  slit longitudin- 
a l l y  after peening, indicated that  surface damage, end particu- 
l a r l y  micro-cmckhg, was more severe on the softer  s tee l  f o r  
a given intensi ty of peening. Indireatly,  this supports the 
view tha t  removal of surface damage i s  an inportant factor. 



Ch the  whole, t h e  work succeeds in i ts  main purpose, but some of 
t h e  deta i led  conclusions a r e  probably not generally applicable. The 
S-h' a m s  f o r  polished specimens show a r a t h e r  low fc t igue l i m i t ,  and 
it sems l i k e l y  that the  s t e e l  contained a significant number of i n c h -  
sions: in addit ion,  the  specimon shape chosen, n i t h  a ra the r  steep 
bng)tudind p r o f i l e ,  i s  par t -my betv~een a completely plain specimen 
and a oircumferentielly notched one, and in this context could give Odd 
resu l t s .  

Conclusions 

Polishing a f t e r  poening can further improve fa t igue  strength on 
haxd steels:  it i s  l i k e l y  t h a t  the  improvement i s  still r e s t r i c t e d  t o  
a mxhum fat igue l i m i t  of 0.5 times the  U.T.S. 
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CASE Ib. 

Basic Feature. Shot-peening notched rotating-bonding specimens of 
high-stmm&h steels. 

Nsin S o m a  A. H a r r i s  (1961) 
B. Takeuohi and Homa (1959). 

Materials. A: 3$ N i - C r  s tee l  S.11: U.T.S. 130,000 lb/sq.in. (?) 
0: Si-WI spring s tee l ,  U.T.S. 200,W lb/~q.in. 

Form of test-?&* Rotating cantilever of about 0.3" c r i t i ca l  diameter: - 
circumferential groove for notch in both cases (see Figs. for  
dimensions). 

Peen- - A: .03In shot: 
distance. 

50 lb/sq.in. fo r  3 m i n s .  a t  6" nozzle/workpiece 

B: No24 C.I. shot (.051n average): 70 lb/sq.in.: Alrnen gauge 
0.50 mm (.020 A or  C 7): "coverage I@$". 

Residual Stresses. No 
compression, 

measurements 
about 0.010" 

given: estimates about 
t o  0.013" depth i n  both 

Fat ime Test Results. 

A: Fig.Cl b .I. Large improvement, almost cnmpletely overcoming 
the effect of the 3eep circumferential notch (KT ;: 1.76). 

0: Fig.Clb.2. Large improvementt: 

3396 for  mild p o v e  (3 = 2) and 

7% fo r  sharp p o v s  (% = 3.1 ). . 

Discussim. Rotating bending specimens with a oircumferentid groove 
consistently show large iapror-nents h e  to  shot peening; the 
circumstances are in fac t  ideal  f a r  demonsrrating the possible 
benefits of peening. 

Fine cracks rrFU form i n  tho base of the groove a t  qui te  la 
nominal stresses,  mi, the fatigue l i m i t  will be de temhed by 
whethor o r  not the craoks pmpag8t.e: compressive residual stresses 
w i l l  have a strong.effect on the propagation of these cracks, and 
hence a larga effect on the fatigue l imit .  In  addition, the trl- 
axial stress s t a t e  a t  the base of the mtch  w i l l  help t o  prevent 
fading of the i-e.~idual stress. Ideal peening should completely 
overcome the strength reduction effect of the notch, a s  H a r r i s  
found. Failure t o  achieve t h i s  suggests '&at the residual s t r e s s  
f i e ld  does not penetrate f a r  enough below".the base of the notch. 
although there i s  no direct  experimental support for t h i s  -thesis. 

Conclusion. Shot-peening gives large improvements on. circumferentially grooved 
rotating-bending specimens of high-strength steels.  A t  boat the  
strength-reduction effect of the groove can be ccmpletely overcome. 



WSg 2. - 
Basic Feature. 

Main Sources. 

Reversed-bend fatigue of f l a t  specimens of spring, 
shot-peened with and without applied s train.  

A. Mattson anl  C o l e m  (19%). 
B. bttm (1956). 
C.  Mattson and Robert3 (1959). 

Hot-rolled SAE 51470ateel. 0.220" x 1.75". 
Tempered a t  725-760 B t o  R.C.48: y ield s t ress  
about 220,000 lb/sq.in. 

P m  of test-uiece. S t r ip  12' x 1.5" x 0.192" wrapped repeatedly 
mund a shoe of chosen curvature; effectively a 
constant-strain-range machine, giving ona-direotional 
bending. 

Peenink I n  Source C, air-blast t o  intensity 0.006C. 
Ahen. S.A.S.230 chilled iron shot. Source A covers blasting 
pressures 10 t o  80 lb/sq.in.. shots 130, 230 and 660. and 
exposure times 3 t o  30 mjnutes, but with l e s s  comprehensive 
fatigue tests .  The nain feature of the work i s  that  varying 
amounts of strain, from 0 . a  tension t o  0 . m  comprcssion, were 
applied t o  the  specimen^ while they were peened. 

Residual Stresses. Measured by sectiorlng: see FIg.CZ.1. 
ConOentfonal peening eave %bout 80,000 lb/sq.in. crmpression. and 
abmt 0.012' t o t a l  daath: ~ e e n i n a  under tensile s t ra in  gsve 
EcrPpressive s tress  u p  t o  I 66.000 ib/sq.in., depth being 6.015" or 

Pat ime Test Res- The most significant ones a re  in Source C: 
Mg.C2.1. swanarises them. As-heat-treated the fatigue limit was 
about 60.- lb/sa.in.. raised t o  128.CXJO lb/sq.in. by presetting. 
~ c n w n t i & l  pe&ng gave lL0,M)o lb/;q.in., and ~ t r a i a - ~ e e n i n g  a 
claFaed 194,aX) lb/sq.in., although the Appendix l i s t s  one 0 .6 
strained-peened specimen which fai led a t  190.000 lb/sq.in. 

Discussion. The three reports deal with h a t  i s  e s s e n t i d l y  a single 
expe&ental programme on fatigue of leaf-spring type specimens. 
Source C i s  the most important for  fundmental information, and 
gives a wen-integrated set  of data with fatigue t ea t s  and residual 
s t ress  messurements. Fig.CZ.2 correlates fatigue l imi t  with 
residual stress,  and elsewhere in the paper t e s t s  on stress- 
relieved peened specilrens show t>at strain hardening contributes 
l i t t l e  t o  the fatiguv benefits of peening. On the face of thixgs, 
the evidence i s  c l ea rcu t :  only residual s t ress  has any simfi- 
cant effect,  and them i s  a direct  xwlation.ikLp between the 
mamituds of the  reeiaual stress,  and the r e  u l t i n g  fatigue 
limit. Although the U.T.S. i s  not stated, the highest ashieved 
fatigue l imi t  of 190,000 lb/sq.in. i s  clearly in excess of 0.5 
time3 the U.T.S., and appprwtly one of the principles supported 
in Sectidn A, Section 5. :-a: bden upsst. 

The mcjor unusual feature of t h i s  t e s t  programne l i e s  
in the applied s tress  cyole: t h i s  i s  from zero t o  tension in 
all cases, and a l l  quoted fatigue l imi ts  represent tho ! m u a s  
stress  in each cycle. To o m p a r e  theso with +he usual ro t a tug -  
b e d i n g  o r  a d a l  p:lsh-pu?l t-sts, a factor of 2 needs t o  be 



I Notched 

Fatigue limit: tolulrq. in .  

I Notched - peened 

Unnotched - polisfled 

Specimen form: Rotating bending, 0.2375 in. di-ter; 

aemicircuhu groove 5 - 1.76 

28 

Figure Cl.b.1 me mitigation of geometric 6tress concentration 

by shot peening S.11 s t ee l  (Harris. 1961) 



FIR. C lb.2. Effect of ahat- 
peanine on tha S-N d i n m u  
for polished, 1 R-gt.ooved 
m d  90°-v notched SI-Mn 
aprin6 steal. 



9. * 

introduced when the r ~ ~ c  of s tress  i s  being considered. The 
statement that s teel  fatigue l imi ts  may approach 0.45 or  0.50 . . 
times the U.T.S. refers  to  rotating bending, with zero mean 
stress: applying the same Wgument to  the resent circum- 
stances and assuming a U.T.S. of 240,OXI l b  ? sq.in. then the t o t a l  
RANGE of applied cyclical s t ress  i s  potentially about 210-220,MX) 
lb/sq.in., as  compared with the  190,000 lb/sq.in. achieved in 
practice. The resul ts  do not therefore conflict with the princi- 
ples  already suggested. 

The dominant feature of these t e s t s  seem to  be the diPfYcultg 
of achieving adequate cwpressive residual s t ress  in a rather  hard 
material. It should be possible t d  induce and retain s tresses of 
the order 70,000 + 0.2 x 240,OCO lb/q.in., i.e. about 120,000 lb/ 
sq.in., and the 90,000 lb/s Prom ccnventional peening seems 
rather low: the ll+O,000 l b ? ~ ; ~ .  fatigue l i m i t  of these speoimens 
i s  correspondingly lower than the ideal. Strain-peening i s  then 
seen a s  a means of overcoming t h i s  defect i n  conventional peening, 
and raising the residual s t ress  t c  a more effective level.  One 
confusing factor i s  that the f l a t  specimens were peened on one 
side only, and i n i t i a l  residual stresses refer  t o  the "free" 
condition, i.e. released a f t e r  peening and allcwed tomring t C  a 
curved shape. Figures given f o r  this curvature suggest tha t  the 
residual s t ress  i n  the "olamped" condition, o r  peened on both 
sides, would be higher by about 20,000 lb/sq.in. i n  the c o n ~ e n t i ~ n -  
ally peened case, and it seems l ike ly  tha t  the benefits of applying 
s t ra in  while peening are more marked when only one face of a 
specimen i s  t o  be peened. 

Source C i s  well worth detailed scrutiny, and there i s  
certainly a spectacular increase in fatigue l imit  with increase 
i n  residual stress. The points which need watching when applying 
the resu l t s  nore generally, thcu(m, are:- 

) A l l  t e s t s  had a considerable tensi le  mean stress,  and the 
semi-9ANCE of s t ress  n a t m U y  never emeeded 0.5 times the 
U.T.S. of the material: similar ~~y&&-bendi"~ t e s t s  would 
be unlikely t o  improve the f a t i e e  l imit  beyond ?; 120,W lb/ 
sq.in. regardless of how high the rcsidual compression became. 

2) The comparatively th in  (0.192") specimens would have a steep 
s t ress  gradient, and increasing the at which fa i lure  
in i t ia ted  xculd give appreci&le improvemmts: the strain- 
peened speoimens are shorn as  having fai lure origins 0.020" 
t o  0.030" below the surface. Axially-stressed specimens 
would gain l i t t l e  f r o m  t h i s  effect. 

3) A tensi le  mean s t ress  superimposed cn the coapressive 
residual s t ress  means tha t  the residual s t ress  orill fade if 
thero i s  any tendency f o r  the core t o  creep mder the action 
cf the tensi le  mean. This would be a limiting factor if 
softer m a t d a l s  were being ocnsidered. 

Other revats. Almen (I!?%), inoludcs tho original sug estion for  
strain-peening, and somo data. Elsesser ( 1 9 d  gives informa- 
t ion on fading of residual stresses i n  f l a t  leaf specimens 
under cyclic loading: t h i s  could be pertinent in applying 
Mattson's work t o  other circumstances. 



in. 

Conolusions: Holding a surfaoe under tonsile s t rain during peening 
causes the final residual compressive stresses t o  be greator; 
if the applied fatigue strosses contain a significant mean 
tens i le  oamponent, and if the peened materral is hard enough t o  
retain the residual compression under fatigue loading, the 
t a t i y e  Wt w i l l  steadily improve with increasing residual 
oonpressian. The m a d m u m  improvement reported gave a s d -  
range of fatigue s t r e s s  of about 0J+ times the U.T.S. 



Figure C2.1 Variation of residual s t ress  vi th applied s t r a in  

(Nuttson and Roberts. 1959) 
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(;lattson and Roberts. 1959) 
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Basic Feature. Shot-peening mtating-bending specimens of alumin 
alloy, plain and notched, h l u d i n g  the effect of 
polishing a f t e r  peening. 

Main Sources. A : Harris (1961) 
B : Sherratt and Pope (1960) 

B. D.T.D.683 : 3" bar stock : U.T.S. 40 tons/sq.in. 
0.1% Proof 38 tons/sq.in. 

Form of t e s t  uiece. A : Wohler plain, and with circumferential groove 
of 5 1.76. 

B : Wohler plain, longitudinal radius 4", 
c r i t i ca l  diameter 0.3 ins. Similar with 
circumferential groove, 3 1 -35. 
(Figs. 0 .3  and ~ 3 . 4 ) .  

Peeninn. A : ( i )  Vapour b las t  ( i i )  Peening, probably with 
0.031" shot. 

B : 0.060" chilled iron shot : 35/40 lb/sq.in.: 
nozzle t o  workpiece 6" : 30 seconds exposure: 
h e n  .OIOC t o  .0.15C. 

Residual Stresses. No measurements. Estimated, f o r  L l  , 50,000 1b/ 
A :  for  D .T.D .683. 65.000 lb/sa.in. t o  about 

Pstinue Test Results. A : Pigs. C3.1 and 2. Clear improvemnt of 
notohed specimens of bcth alloys. 

B : Figs. C3.5 t o  C3.9. Clear improvement of 
notched specimens: possible inprwement by peening 
and wl ish ina  alain mecimens. but defini te  
reduction f r g p e e n i &  alone ipplied t o  plain 
spechens. 

Discussion. There i s  l i t t l e  ambi&ty about the resu l t s  i n  e i ther  
case: shot peening substantially improves the fatigue l imi t  of 
the suecimens with a circumferential move :  PzSt blastina and 
vapouI blasting also improve the grooved Du;.al;min speoime&, 
although the impmvment i s  substantially l e s s  than can be 
obtained bv shot-~eeninu. In  sham contrast. Fia.C3.6 shows a 
clear  reduction & tati&e l i f e  &n &&I $eci&ns of D.T.D.~~J 

1 are shot peened with 0.090" diameter shot, and other t e s t s  i n  the 
same report show a consistent reduction in fatigue l iPe  a t  17.0 
tons/sq.in. for  0.060" shot used a t  various exposmas and nozele 
pressures. 

The main feature of Source 8, though, concerns the  
effect of polishing a f t e r  peening (Pig.G.7 fo r  plain specimens, 
and Flg.C3.11 for  notched). The damaging effect of peening can 
be removed from tho plain specimens by polishing the surface, 

C3.l. 



and under optimum conditions the S/N cume i s  gonerally improved 
a s  oompnred with tho untreated, polishcd tes t s ;  notice, though, 
that  the improvanont i s  not large, and that optimum conditions 
raquira a b r g e  proportion (0.020") of the peened layer t o  be 
CBPIovad. In  contrast, polishing notched specimens givos an 
approcisblo improvement (lo8 l imit  raised from 13 t o  over 15 tons/ 
sq.in.), and tho groatost improvements occur when only 0.004" t o  
0.006" i s  moved  from the surface; another feature i s  t ha t  on 
notched specimens the peened surface can bo removed by turning, 
rather than polishing, with no apparent ill effccts. 

h e  most striking point requiring explanation comes from 
opmparing Hg.CJ.10 ni th Pihs.C3.6 and 7. The best poening-plus- 
turning condition does marc than overcome the strongth reduction 
effoct of tho notch, giving a fatigue l imi t  which i s  not only 
hiaher than the olain faticuo l i m i t  of the material, but also 
exceeds the best'that pce&g-plus-polishing can acheve on $sin 
specimens. It teom: tha t  in this case the notch makes an 
essential contribution to tho mechanism by which peening raises  
the fatigue l imit .  Two ways i n  which t h i s  could happen are (a) 
the t r i ax ia l  s t ress  s tate  a t  tho base of t h e  notch could be 
proventing the fading of residual compression, or (b)  the form of 
the notch could bc favouring tens i le  type prcpa ation a s  opposed 
t o  shearing prapagation. Strong su oort for  (bf: comes from the 
form of fracture seen in the plain Pin longitudinal radius) 
specimens, which had jaggid msa tg  surfaces on the broken halves, 
in c o n t r a ~ t  t o  the classic tnnsverso fracture of the notched 
specimens. 

Applying the ideas of Section A t o  those resu l t s ,  a 
reasonable pattern emareus. Plain specimens f a i l  by the formation 
of shearing, cracks wldch, in thcso particular circlhnstances, a re  
soon to  propagate for  considerable d is tmces  (probably the heavy 
anisotropy of the 3" extruded 5- is sn kcportant fector). In a 
soft m t a r i a l  such as  th is ,  compressed f o r  haLf the oyole, 
residual stresses w i l l  very l ike ly  fade rapidly. The circumstanoss, 
then, are particularly unfwwrablc t o  shot-peening, and the rsaul t  
i s  a reduction in fatigue lix'e. The peened and polished specimens 
which showed a =dl inpmvement had only a thin skin of peened 
material l e f t  on then -hen tested, and it soens unlikely 'Aat 
residual compression i s  tho prime factor: the implication i s  
tha t  the work-harden& skin inhibi ts  t h  in i t ia t ion  of fatigue 
cracks. 

On the other hand the notched specimens f a i l  by the formation 
of cracks in the b ~ s e  of the groove, the fatigue l i m i t  being decided 
by whether or  not the cracks pmpagate i n  tension across the section; 
the form of the specimen prevents extensive shearing propagation 
from playing n major p a r t .  Rcsidud co%pression a t  the base of the 
m o v e  i s  very efr'cctive in these circmstances, preventing cracks 
from propagating array fmr. the surface: peened-and-turned specimens 
quite often showed i type of &b-surface failure. The notch i s  
essential both to prcvcnt the residual stresses from fading and t o  
prevent extensive shearing cracks; the resul ts  are therefore not 
as anomalous a s  they secm a t  f i r s t .  Sevoral subsidiary factors 
fit easily into t h i s  pattern. Turning instead of polishing i s  
successful as  a f i n d  f inish becauso surface geometry does not 
matter chcn sub-surfncc cracks are the Limithg factor. Vapour- 
blasting and grit bl-isting do not give such large improvements a s  
shot-peening becnuso the wh of the mrked layer i s  a major faotor 



when suppression of crack propagation is involved, and the depth of 
layer from these processes does not penetrate below the stress r a i d n g  
effect of the groove. Similar arguments can be put fonrard fo r  severel 
of the other de ta i l s  touched upon in  Source B. 

Conclusions. The effect of sh-k-peening on rotating-bending specimens - 
of structural a l d ~ 3 , u n  alloys depends strongly on the fonn of speohen 
taken. Plain specinens mny be reduced in strength, bct deep cirom- 
ferent ial  grooves show marked improvements, and favourable peening vrFU 
give a fatigue U t  a t  loas t  equal t o  the un-notched strength. 
Poli&ing after peening improves both plain and notched specimens, but 
only the notched forms show a great enough increase t o  be of roa l  
interest :  peened-and-turnod notched spechcns may havo fatigue limits 

(lou, on nominal stresses) higher than the best that  can be achieved 
on plain specimens. 
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GssA 
+do Feature. Shot-peening and vapour blasting i n  assooiation with 

other surface f i n i d e s ,  a s  applieci t o  high-strength 
alminiun alloys. 

Nain Source. Brom (1960) 

Materials. (a) D.T.D.363 Al-Zn-Mg alloy: O.l$ maf. 
3&9 tons/sq.in.: U.T.S. 39/42 tons/sq.in. 

(b) D .T.D. 364 Al-Cu: 0.3% Proof 27/31 tons/sq.in.: 
U.T.S. 32& tons/sq.in. 

F m  of t e s t  ~ i e c e .  Dunbell suitable fo r  Schenk d a l - l o a d  machines. 
TWO forms:- 

( i )  Plain specimen with c e n t r d  pera l le l  portion 0.7" 
diameter. 

( i i )  "Unloaded hole" specimen, with transverse hole 
0.1875" dia. through 0.832" dia. central portion. 

Surface treatments. A variety of treatments, such as  anodising (two 
processes), etch priming eta. in association with capri-honing. 
Also shot-peoning i n  association with anodising: peening with 
0.01 I" dia. shot a t  20 lb/sq.in. t o  Alaen 0.008". 

Residual s t r e z s s .  No measurements given: w i l l  vary considerably 
over the different conditions. 

Fat ime t e s t  resul ts .  A l l  t e s t s  were carried out with a substantial 
mean tensil ,  stress,  10.0 tons/sq.in. for  the p l d n  specimens, 
and 8.0 t ~ n s / ? ~ . i n .  for  the holed ones. Figs.Clc.1. t o  C.4A 
s m a r i z e  the results,  but it must be appreciated tha t  the l i n e s  
shown on these graphs are an attempt t o  simplify the infonustion, 
which usually comprises 6 t o  10 t e s t  resu l t s  fo r  each condition, 
spread over a range of s t ress  levels ,  and showing considerable 
scat ter .  Small differoncen between the l i n e s  f o r  different 
treatments are  therefore unlikely to  be significant. 

===% H a m i s  (1961) gives the resul ts  shorn i n  Figs. C4.5 
and C.4 for various blasting treatments in association with 
hard anorlining, using rotating-bending specimens. Peening and 
vapour blasting very effectively overcome the strength reduction 
effect of the hard anodising, @&g fatigue l imi ts  higher than 
the plain polished condition. 

Discussion. No clear-cut picture emerges fmm Brown's t e s t  results.  
Although the graphs reproduced show variations between the 
treatments, the scat ter  in the f u l l  resul ts  from the original 
report means tha t  only the more extreme variations are signifi- 
cant, 8.8. sulphuric acid anodising gave very poor resu l t s  on 
both types of specimen in both materials. Capri-honing seems 
t o  give~improveients i n  most conditions, but surprisingly did 
not helo in association with Bengouah-Stuart anodizinn on a 
plain specimen. The B.S. anodizing &I not seem t o  be- 
reducing the fatigue properties by any large amount, though, 
and it i s  possible that oapri-honing might show a greater effect 
if it preceded sulphuric-acid anodizing, ui th i t s  pnounoed 
strength reduction. 

C.4.1. 



( a )  Unnotched specimens 

I Condition 

(b) Notched specimens; K,,, - 1.76 

F a t i y e  l imit:  tons/sq.in. 

Fimrre C3.1 Effect of aurhce treatnmta on Dumlumin L1 

(after  Harris. 1961) 
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I Condition Iiotched, notched. ahot peened 
and re-heated 

F i w e  C3.2 lbe influence of ahot peening on notched specimens 

of D.T.D. 683 (after  Harris. 1961) 
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F a t i y s  limit: 
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15. . 
On the holed specimens, oapri-honing could be giving an improve- 
ment, but again detailed %umination of the t e s t  resu l t s  makes t M s  
doubtful. The transverse hole i s  a d i f f i cu l t  stress-raiser on 
which t o  use mechanical blast  treatments, as  a fatigue crack might 
well form inside the hole, where the untreated surface l e f t  by the 
drill i s  the dominant factor ,  rather  than the peened or  vapour- 
blasted surface: t h i s  was appreciated by the author, who sugsests 
tha t  more optimistic resu l t s  might be obtained on "fully exp0sed 
concentrations such as  ndii"- 

I 

The shot-peening t e s t s  on plain D.T.D .363 show a clear 
isprovement st high stresses and low l ives ,  but there i s  no 
evidence tha t  the fatigue l i m i t  i s  improved: anodising a f t e r  
peening reduces the strength slightly, but again the B.S. anodis- 
in8 does not seem t o  be disastrous ei ther  with or without peening. 

In contrast t o  Brom's resul ts ,  those by H a r r i s  show clear  
benefits from both shot-peening and wpour-blasting, and ;mall - 
improvements from the milder aqua-blast. It is unlikely tha t  the 
difference in material would account for  this, since Duralumin,LI 
and D.T.D.364 are both copper-bearing alloys. Other differences 
l i e  in the stress-oyole used, and the final coating. Harris's 
htud anodizing seems to  have a much greater strength redwtion - 
effect than B-S wodidng,  and it i s  in overcoming t h i s  reduction 
tha t  shot peening gives such favowable resul ts .  

&plying the ideas of Section A t o  t h i s  probiem, the function 
of shot-peening i s  t o  introduce residual compression in to  the 
parent metal, immediately below the coating: t h i s  helps t o  
prevent cracks propagating fmm the coating in to  the parent metal. 
Large benefits can be expected if the original process, without 
peening, has the following features:- 

I. Residual tens i le  s t resses in the parent surface. 

2. A coating in which fatigue cracks oould easFly form. 

3 An appreciable depth of coating. 

These oircunstances acting together w i l l  cause large reductions Ln 
fatigue strength. U s i n g  Frostt s f i g w e  of 6 3 = 0.2 for  a J& 
Cu-Al alloy, the m i n i m u m  alternating stress needed t o  propagate a 
crack already 0.001" long muld be l e s s  than 6 tons/sq.in. The 
hsrd anodic coating (.001" t o  .002" thick) gives a fatigue limit 
of 7 tcns/sq.in.. which i s  not quite a s  damaging a s  we would 
expect on the assumption tha t  the anodic coating i s  effectively 
cracked early in the l i f e ,  but the g e n d  trend suggests tha t  the  
propagation or  non-propagation of oraoks i s  a t  l ea s t  one of the 
pertinent factors. 

One factor not considered so far i s  the differences in the 
stress-cycle between the two se t s  of tests .  Brown's axiol-loebkrg 
cycle with high mean stress ,  a s  compared with t h e  mating bending 
t e s t s  of Harris. There i s  a general feeling tha t  sukface com- 
pression *ll not be as  beneficial in axlal loading as  in bending, 
and this i s  logical since the s t ress  gradient in a bending t e s t  
becomes a favourable factor  if the treatment succeeds in produc- 
ing sub-surface failures.  A general assuuption that high mean 
stresses give l e s s  favourable conditions i s  not so valid, though, 
a s  was seen h m  Mattson's t e s t s  in Case 2.2 High mean stresses 
w i l l  only detract from peening benefits if they are so oriented 



an t o  muse d id a t  the residual s t resses during fatigue cycling. 
In this oase a tension-tendon cycle i s  l e s s  l ike ly  t o  cause p las t ic  
delomrtion of a ccmprersively-stressed surface than a tonsion-cam- 
pression cyole would be, and it i s  necesssry t o  lmagine the core of the 
specben prograssively extending under repeated loading. There i s  no 
infomation t o  help direct ly on th i s ,  but Pattinson and Dugdale (1962) 
oerCainly found tha t  repeated s t r e  ses of _+ 2.5 tons/sq.in. caused % significant fading a t  more than 10 cycles on a 4% Cu-A1 alloy. 

Conclusions. On the whole there are many unresolved factors,  but the 
general pattern i s  tha t  both shot-peening and vapour blasting are 
l ike ly  t o  overcome the deleterious effects  of a surface coating applied 
t o  an aluninium alloy, but unlikely t o  improve a condition i n  which a 
coating process has already been modified so that it causes no marked 
reduction i n  fatigue properties. 



1.T. 0.364. PLAIN BAR. TENSION mADING. 



1 D.T. D. 363. PLAIN BAR - TENSION LOADING. 
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I D.T. D. 364. UNLOADED HOLE. TENSION LOADING. I 
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I Condition I aot I b u d  I a o t  peened 
anodized anodized .nd hard anodized 

F i ~ e  ~ 4 . 5  The influence of hard anodizing and shot 

peening on Durdumin L1 (after Harris. 1961) 





Basic Feature. G r i t  blasting in association with metal-spraying. 
applied t o  high-strength aluminium alloys testcd 
under corrosion conditions. 

Sources. Fulmer Research Ins t i tu te  Reports:- 
~.106/5/~une 1960: R l  70/1/sep. 1961 : 
R.l70/3/0ct. 1962. 

Materials. (a )  D .T 9.683 and D .T.D .687, Al-Zn-Mg alloy i n  bar and 
sheet form: U.T.S. 41 tons/sq.in. (bar) and 38 tons/ 
sq.in. (sheet). 

(b) HE 15 (bar) and HS 15 (sheet): Al-Cu alloy: 
u.T.S. 34-34 tons/sq.in. 

Form of t e s t  j iece. ( i )  k d a l l y  loaded. 0.226" dia. (rod) or  
0.5"dth (sheet): ( i i )  Rotating cantilever. 
dia. 0.263": ( i i i )  Reversed bend, 0.5" wide. 

-st%. G r i t  blasted with Blastyte Grits Nos.1, 2 and 5: arc 
heights on a 0.050" thick Almen-type s tr ips ,  made from 
NS 4 4 Hard were 0.Olp' f o r  No.1 G r i t ,  0.010" for  No.2, 
and 0.003" f o r  Nc.5. 

B e s i d d  Stresses. No measurements: -probably about 65 t o  70.CCO 
lb/sq.in., ,002" t o  ;004+" &ep on D.T.D. 683 end 
687; s l ight ly lower on HE 15. 

Fatime Test Results. Various resu l t s  given, s t ress  systems covering 
a d a l  load. with e.~~Iwithcut mean stress  a s  w e l l  a s  
the reversed and rotat ina bendinn tests .  Air f a t i m e  
and Na C1 corrosicn l imi ts  (3  x io7 cycles) are q6ted .  
None of the air fatigue values fo r  un-notched speaimens 
shows an improvement due to  g r i t  blasting alone: in 
fac t  No.5 grit caused a s m a l l  reduction, and the coarse 
No.1 G r i t  a marked reduction i n  strength for both 
D.T.D.683 and HE 15, tested under both axial and rotat-  
ing  bending loads. The corrosion t e s t s  &ve a s l ight ly 
mcre optimistic picture: $it blasted specimens have 
higher strengths ( a t  3 x 10 cycles) than untreated 
material f o r  most of, but not all, the conditions. 
There i s  no obvious pattern t o  the exceptions, though, 
and grit blasting i s  certainly l e s s  effective than a 
metd. sprayed coating for  improving corrosion resistance. 

Some notched speoimens w ~ e  tested in fluctuating 
tension, the notch being a 60 v v e ,  0.016" deep, 
0.002" root radius, 5.1. Speoimens were ei ther  
blasted rrith No.3 &,=or metal sprayed. For D .T.D.683 
bar both treatments gave a i r  fatigue strengths a t  3 x 10 7 
of 5.5 2 5.0 tcns/sq. in., the same a s  the nohched 
strength without treatment. Under NaCl corrosion the 
untreated and metal sprayed both dropped t o  4.0 _+ 3.6 
tcns/sq.in., but the g r i t  blasted was lower a t  2.8 + 
2.5 tcns/so.in. 



Discussion. None of the conditions investigated shows grit blasting 
a s  a process worth using aa a F-3- of - r o d  -;.~ithez air fatigue 
o r  corrosion fatigue strength a t  3 x 105 cyclcs; in fact  grit 
blasting causes a reduction fatigue strength in nearly all un- 
notched a i r  fatigue conditions. The notched resu l t s  m a  even 
mare si@icant: the residual compression induced by blastiilg 
completely fai led t o  give an improvment, even when a ciFcuuferen- 
tial groove was present. This contrasts with the r e su l t s  of Case 3, 
where two independent reports show that shot peening gives marked 
improvements on similar aluminium al loy specimens with circumfmc 
e n t i d  grooves. Ape& from the differeme i n  treatments ( g r i t  
blasting in t h i s  case, shot peening in Case 3), the main difference 
l i e s  i n  the form of s t r e s s l a i s e r .  Both H k ~ i s  dnd Shematt i n  
Case 3 used grccvos with c~mparativoiy mild values, (i.e. large 3 radii a t  the groove base), nnd full panetrat1 n of shot into the 
goove base was achieved; in addition docp, large-radius grooves 
ensure tensile-type crack pmpagotion. The shallow, sharp groove 
used in the Fulmcr t e s t s  nus probably not completely penetrated, 
even thou& the part icle  size was smaller than the Case 3 t e s t s ,  
am3 dthou& there i s  no information about the form of the 
fractures, shearing crack propagation might s t i l l  be poss ipe .  
Speciflo mention i s  made in the June 1960 report of the 45 , or 
shearing type, cracks observed or. D .T .D .683 winlly-loadod 
specimens, tested under corrosion with zero mcan stress;  fluc- 
tunting tension produced tensi le  cracks, lowering the fatigue 
range fmm 2: 5.3 tons/sq.in. t o  4.8 + 4.b tons/sq.in., and 
applying a cathodic current t o  zero-&m-stress specimens nlso 
U g e d  the fracture from shearing t o  tens i le  form, this time with 
an knprovcment in strength. There i s  obviously mom f o r  a full 
investigation and discussion of the type of fai lure in various 
circmstances, but fo r  the present discussion we cen only note a 
tendency fo r  shearing type fractures t o  occur when conditions 
happen t o  be favourable, i.e. cnrroaion present, and mean stresses 
tending towards compression. Under the hypotheses sug&ested in 
Sect im A of this review, residual compression w i l l  be effective 
in suppressing tensi le  oracks, but i f  t h i s  i s  superseded by 
shoaring propagation a t  a range of s t ress  very l i t t l e  higher 
than that needed for tens i lc  propagation, the  net gain rill be 
small. Again, if sharp g r i t  causes sufficient danage t o  give 
the shearing cracks an casy s t a r t ,  the overall  effect  of blasting 
w i l l  be t o  reduce the fatigue strength. The general fai lure of 
grit blrrsting t o  achiwe fatigue improvement can be linked w i t h  
several factors,  then, including 

(a)  the geometrical surface dnmage caused by the proccss 

(b) the shaUormess of the residual compression induced 

(c)  the tendency for  tho alloys trcated t o  f a i l  by shearing- 
type crnck propagation when circumstances do not favour 
tens i le  fai lure.  

Conclusion. G r i t  blasting does not generally improve the fatigue 
strength of aluminium alloys t o  specifications D.T.3.683 and 687 
or  HE 15 and HS 15. .Ur fatigue strengths are generally re- 

. duced, and although corrosion fatigue strengths are raised in a 
few circumstances, there i s  no clear-cut indication of circum- 
stances under which grit-blasting nould be useful in itsolf 
a s  a production process fo r  improving the fatigue strength of 
aluminium alloys. ;?here metal sprayed coa.tings require a rou& 
key t o  be formed on an existing surface, though, grit blasting 
i s  a convenient means of providing the key. 
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Basic Feature. Wet blasting of titanium with .W" glass beads. 

Source. -- Reed and Viens (1960). 

Materidi Titanium alloy 6 N 4 V  : Rockvell C.30-32. 

Form of t e s t  piece. Krouse plnte fatigue spcimens, 0.90" wide x 
0.W": longituhinal profile 0.85" radius on each 

Peenina. 0.001 ' diameter glass beads, 90 lb/sq.in. a i r  b las t  
with water. 

Residual s t resses Surface rcmoved by acid etching and stresses 
estimated from curvature neasurenents. Compression 
108,000 lb./sq.in. nt  the surface, decreasing t o  
zero a t  about 0.0025" depth. 

7 F a u e  tes t s .  Endurance (10 ) Limits detelmined by staircase method, - 
w i t h  2,500 lb./sq.in. load increments. Vacuum- 
m e a l &  specim&s had reversed-stress endurance l i m i t  
of 41,500 lb./sq.in.. which was rRised t o  53,900 lb/ 
-.in. by the glass-bead blasting ( n o w  Y3$ improve- 
ment .). 

Discussion. The investigation m s  concerned mainly with the effect 
of different grinding methds on fatigue of titanium, and the 
report includes endurance Umits  f o r  ground specimens with 
tens i le  residual stresses up t o  62,000 lb./sq.in. A steady - 
improvement i n  endurance Wt was found as  the r e s i d u d  s t ress  
moved more in to  compression, and the authors suggest that F = B - 
S, where Fs i s  the endurance Limit when a residual s t ress  i s  
10 
present, and F,, i s  the endurance l imi t  of vacuurn-annealed material 

r 
(lb/sq.in. throughout). 'Ihis i s  a useful empirical relationship, 
but some of the points t o  wntch are:- 

(a) There i s  no infornation about the form of the fractures,  
except for a statorncnt tha t  ". . . . . the edges of the speobens 
w e r e  broken and shot peened with Nc.110 cast-steal shot t o  
prevent breakage a t  the edges." Thisscms t o  hp3y tha t  
without this peening cracks would form a t  the edges, perhaps 
modifying thc whole of tne resul ts .  

(b) I f  the empirical relationship i s  accepted, the specimens 
showing nost deviation are the stress-freo ones, having an 
ondmancc of 41,500 lb./sq.in., compared with 45,000 lb/sq.in. 
a t  25,000 lb./sq.in. compression, and 42,!30 lb./sq.in. a t  
23,000 lb./sq.in. tonsion. The authors point out thornselves 
that un-notched rotating-bending spocinens give endurance 
values nearer 70,000 lb./sq.in., nnd associate the lower 
values found here with "... the size md shape of the 
fatigue specimen", i.e. the specimens are effectively 
notched, but the oxaot nature of the s t ress  raiscr i s  not 
investigated. 



( 0 )  Staircase test ing does not givo complete infonuation, and 10 7 
i s  fnirly short f o r  t e s t  duration in t h i s  typo of work: ten 
specimens wore used in cach condition, thou&, which should 
offset  this t o  some extent. 

Conclu*ions. Wot blnsting mith glass beads improves the fatigue 
limit of titdun: the induced rosidual stresses aFe high 
but shdlor.  Substantial improvmont nay only be expected 
when the un t r ea td  specimens are giving ondurance values 
l e s s  than tho plain, polishcd f i p r c s ,  i.e. thc specimens 
are effectively "notched". The technique could probably 
find wide application on other alloys where contamination 
by iron "pick-up" would he a dranback t o  conventiondl 
ircn-shot poonb& 



Basic Featuro. Pocning of a lumin ium nl loy with dluninium shot.  

Source. . -  Berry (1960). 

- Foqn of t e s t  ~ i o c e .  Reversed bend from &" f l a t  mctcrial ,  2" wido. 

P&me " G r n n d "  shot, an aluminium a l l o y  shot of Swi3s on&: 
10 lb/sq. in. pressure was uscd, and L65 s t r i p s  3" x +' x 0.057" 
govo an arc  height of 0.022": this scorns t o  rcpresont snturntion 
f o r  thoso s t r i p s .  

Qaidual Strossos. No measuronents. Could bc a s  high a s  60,000 lb/  
sq-in., but thore  i s  l i t t l e  cvidenco f r o m  other work t o  enable 
estimates t o  be nado. 

F a t i m e  t o s t  r e s u l t s .  Poening ce r ta in ly  gives nn bprovcmont conpea-ed 
with tho as-extrvded condition, but  the  r e s u l t s  show coh idorable 8 s c a t t e r ,  and no specinons wore IU!I without fa i lu ro  t o  10 oyclcs. . 
Comparisons bas& on t e s t s  a t  a s t r o s s  of 10.78 tons/sl.in. show 
improvcmentj i n  lifG of about 5:l duo t o  pooning. 

Discussion. Iippsrontly spcctaculw increases in  spccimen l i f e  can 
r e u l t  from t c s t s  which movc tho  f a i l u r e  s t r e s s  lovol  by only a 
minor amount, and tho t c s t s  reported hare must thcrefore bo 
regarded a s  qua l i t a t ive  only. Thcy shos t h a t  aluminium specimens 
having a poor surfaco (e.g. as-extruded) aro hp-ovcd by Grand  
pocning, and t h a t  tho  improvement extonds over tho wholo r m g o  of 
s t rcssos  investiaated.  but no f i n n  conclusions can be dram &out - 

8 the 10 fa t igue limit in eitha- the  peened o r  unpecned condition. 
The accentric-chuck typo nzchincs used i n  tho invest igat ion hove 
drawbacks compared with constant load mnchinos f o r  this typo of 
work. 

Conolusions. I n  circunstances xhoro contmination by iron shot i s  
l i k e l y  t o  lead t o  corrosion, a lwninim nl loys  may bo successfully 
peened with aluminim .alloy shot. 
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