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Summary

Nine case-histories giving experience over a wide range of
cirocumstances and metals are givan. Summaries and oonclusions
from the data are given in S & T Memo 1/66. '
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Case 4.

Casa 1a.

Case 1b.

Case 2.

Case 3.

Casa 4.

Case 4a.

Case 5.

Case 6.

List of ease histories

Shot-peening plain rotating-bending specimens

of high-strength steels.

Un-notched rotating-bending specimens of h
strength stesl polished after peening.

igh-

Shot-peening notched rotatmng—bending specimens

of high-strength steels

Roversed-bend fatigue of flat specimens of

spring

steel, shot-peened with and without applied strain.

Shot-peening rotating-bending specimens of

aluninium alloy, plain and notched, including

the effect of polishing after peening.

Shot-peening and vapour-blasting in association

with other surface finishes, as applied o
alloys.

aluminium

Grit blasting in association with metal spraying,

applied to high=—strength aluminium alloys
under corrosion conditions.

Wet blasting of titanium with 001" glass

Peening of aluminium alloy with aluminium

tested

beads.

shot.




Materials.,

Form of test pieca. A

3

CASE 1,

Basic Feature. Shot=peening plain rotating-berding

specimens of high-strength steels.

Main Sources. A. Mattson and Alemn (1944).

B. Harris (1961)

:+ Steel X=4340 : U,T.S. 145,000 1b./sq.in.:
Rockwell C23-26.

P

3% Ni-Cr. Steel S«14 TII. treated to U.T.S.
' 48.9 to 129.4 tona/sq.in.

R.R. Moore specimens, longitudinal

w
e

-

profile about 8" radius of curvature.

B : Plain rotating bending, otherwise
not specified. Probably 0.3" or
- 30 diameter.

Peening. A: JOLO"™ to 055" iron shot: Almen

- strip 0.009A and 0.014A

B: 03" shot: 50 1b./squin. for 3 mins.
at 6" nozzle/workpiece distance.

Rosidual Stresses. No measurements given. Estimates:-

Patigue Test Results. A

A : 100,000 1b/sq.in., depth not kmown.

B: 92,000 to 125,000 1b/sq.in.: effective
depth .010“-

Fig.Ctie1, in effect,
no improvement due to peening.

B : Fig.C1.2. Improvement at lowest
U.T.3. condition, but generally

no improvement.

Other reports:- These are numerous. Two representative ones a.re

Mcliurrich (1950), who found a 5% improvement in fatigue limit compared
with a turned finish, (0.6C steel, U.T.S. 62 tons/sq.in.), and Coombs
et al. (1956), finding fatigue limits after peening wore very much the
same a.; those due to a polished surface (0.77C steel, U.T.5. 116 ton
3Qeina. ). :

Discussion. The twenty-years old report of Mattson and Almen (1944) was

chosen as a main illustration in this casze because it shows quite
clearly, in spite of the small number of tests, that when stress-
concentration effects are completoly absent, shot-peening does not
usually improve fatigue strength., Although this has been emphasised
by a number of writers, it is still sometimes overlooked. The fatigue
ratio for polished specimens is 048, indicating that failure is
dominated by the criteria for orack initiation {or early shearing
propagstion ?): thus even thae 100,000 lb/sq.in. residusl compression
predicted will do 1ittle to improve the fatigue limit.,

Celede
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Harris (1961) confirms and enlarges upon this picture, testing the
841 stenl in different conditions of temper. For U.I'.S. vhlues between 64.8
and 141,7 tons/sq.in. shot peening causes no significant c#‘nange as compared
with the polished conditiont at 129. tcns/sq.in. the affect is detrimental,
prosumably boecause of the senaitivity of such a hard steel to geometrical
surface damage. The low-temper condition, 43.9 tons/sq.in,, gave an improve-
ment, almost certainly due to its ability to work-harden: ! the 20% improvement
in fatigue linmit is amongst the highest reported in conditions like this, and
could not be relied on for all similar materials.

Conclusion

Shot peening does not improve the rotating-bending fatigue strength
of high=tensile steels (U.T.S. 60 tons/sq.in. upwards) in the un-notched
oondition. Lower-strength steels (50 tons/sq.in. or less) may be improved
slightly, but this is duo to the contribution of work-ha.rd.:aning, rather than
the residual stress effect normally expected from mechanical surface treatments.

Cel.2.
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CASE 4a.

Basic Feature. Un=-notched rotating bending spocimens of high strength
stcel pelished after pecning.

Source. Coombs, Sherratt and Pope (1956).

Material. 0.77% C Steel, U.T.S., 116 tons/sq.in,

Form of test-picce. Rotating cantilever, critical dismeter 9/64",
' longitudinal profile 13" radius.

Peening. Chilled iren shot, 0.060" dis.: nozzle pressures 30 and
50 1b/sq.in.: about 30 seconds exposure, specimen
revolving 6" fron nozzle. ‘

Residual stresses. No measurements: estimated 180,000 1b/sq.in.
about 0.015" deep.

Patigue test results. Fig.Cla.i. Peening followed by polishing raises
Tatigue limit to about 58 tona/sqein. (0.5 x U.T.S.),
compared with 49 tons/sq.in. for both polished specimens
without peening and peened specimens without subsequent
polishing.

(ther reports. Mattson and Almen (1944) using plain R.R. Moore specimens
of X-4340 steel treated to 145,000 lb/sq.in. U.T.S., found
that peening with 0.040" shot did not give as high a fatigue

" limit as superfinishing, but super—finishing after peening
gave a higher fatigue limit than did superfinishing alone.

Discussion There is no doubt that polishing efter peening givea a
: substantial improvement in this case. It is significent,
though, that even peening plus polishing dooes not improve i
the fatigue limit beyond 0.5 times the U,T.S. This !
suggests that a fatigue ratio of 0.5 is still the highest !
achievable, even with the extra polishing process, and that
if peening alone is nearly achieving this value, little
extra benefit will come from a polishing operation. It may
well be thet a fatigue stress of 0.5 U.T.S. is high enocugh to
initiate and propagate sub-surface cracks, and the authors
did observe sub-surface crack formation in many of their
specimens. Once this becomes the usual failure mode,
- modifications of the peening process cannot be expected to
give any further improvement.

The authors suggsest that polishing after peening causes
an improvement because the layer having the greatest residual
‘stress is thus brought to the surface. There ia some doubt
about the validity of this, since the maximum compressive
stress is not always below the surface: it seems more likely
that removal of the damaged surface layer, containing at least
pits, and possibly short cracks, is a more important factor.
A few results for the same steel tempered to a softer condition ;
showed that peening did not give quite such a high fatigue limit
as did polishing, so that peening is less effective on the
softer stesl. Examination of a peened strip, slit longitudin-
ally after peening, indicated that surface damage, and particu-
larly micro-cracking, was more sevérs on the softer steel for
a given intensity of peening. Indirectly, this supports the
view that removal of surface damage is an important factor.

CA Bale
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On the whole, the work succeeds in its main purpose, but some of
the detailed conclusions are probably not generally applicable. The
8-N surves for polished specimens show & rather low fatigue limit, and
it agoms likely that the stesl contained s significant number of inclu-
sions: 4in addition, the specimen shape chosen, with a rather steep
Jongitudinal profile, is part-way tetween a coumpletely plain specimen
and a circumferentielly notched one, and in this contaext could give odd
results, '

Conclusions

Polishing after peening can further improve fatigue sirength on
hard steels: it is likely that the improvement is still restricted to
a quimum fatigue limit of 0.5 times the U.T.S.

Cla.2.
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CASE 1b.

Basic Feature. Shot-peening notched rotating-bending specimens of’
high-strensth stoels.

Main Sources. A. Harris (1961)
o B. Takeuchi and Homma (1959).

Materials. At 3% Ni-Cr steel S.11: U.T.S. 430,000 1b/sq.in. (?)
- B: Si-Mn spring steel, U.T.S. 200,000 1b/Sq.in.

Form of test-niece. Rotating cantilever of about 0.3" critical diameter:
circumferential groove for notch in both cases (see Figs. for
dimensions). _

Peening. A: 031" shot: 50 1b/sq.in. for 3 mins. at &" nozzle/workpiece
distance. :

B: No.2, C.I. shot (.05¢" average) 70 1b/sq.in.: Almen gauge
0¢50 mm (4020 4 or C ?): "ooverage 4

Residual Stresses. No measurements given: estimates about 100,000 1b/sq.in.
compression, about 0.010" to 0.043" depth in both cases,

+

Fatigue Test Results.

A: Pig.Cibe.1. Large improvement, almost completely overcoming
the effect of the deep circumferential notch (I(T 1.76).

B: Pig.C1b.2. Large improvement*-
33% for mild groove (I-Qr = 2) and

73% for sharp groovs (K, = 3e1).

Discussisn. - Rotating bending specimens with a circumferentiul groove
consistently show large improvements due to shot peening; the
circumstances are in fact ideal f'sr demonsirating the possible
benefits of peening.

Fine cracks will form in tho base of the groove at quite low
nominal ‘stresses, and the fatigue limit will be determined by
whether or not the cracks propagate: compressive residual siressss
will have a strong effect on the propagation of these cracks, and
hence a largo effect on the fatigue limit. In addition, the tri-
axial stress state at the base of the uotch will help %o prevont
fading of the residval streas. Ideal peening should completely
overcome the strength reduction effect of the notch, as Harris
found. Failursz to achieve this suggests that the residual stress
field does not penetrate far enough.below.the base of the notch,
although there is ne dirasct experimental support for this hypothasis.

Conclusion, Shot-peening gives 1arge improvements on.circumferentially grooved

rotating-bending specimens of high-strength steels. At bost the
strength-reduction effect of the groove can be completely overcome.

Calbai.
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Basio Peaturs. Raversed-band fatigue of flat specimens of apﬁ.ng,

shot-peened with and without applied atrain.

Main Sourcas. A. Mattson and Coleman (1954).

B, Mattson (1956).
C. Mattson and Roberts (1959).

Materials., - Hot=rolied SAE 5147 steel, 0.220" x 1.75".

Tempered at ?25—?60°F to R.C.48: yield stress
about 220,000 1b/sq.in.

Porm of tast-plece. Strip 12" x 15" x 0.192" wrapped repeatedly

round a shoe of chosen curvature; effectively a
constant-strain-range machine, giving one-directional
bending. ‘

Peaning. In Source C, air-blast to intensity 0.006C.

Almen, S.A.2.220 chilled iron shot. Source A covers blasting
pressures 10 to 80 1b/sq.in., shots 130, 230 and 660, and
exposure times % to 30 minutes, but with less comprehensive
fatigue tests., The mein feature of the work is that varying
amounts of strain, from 0.60% tension to 0.60% compression, were
applied to the specimens while they were peened. :

Residual Stresses. Measured by sectioring: see Fig.C2.1.

Contentional peening gave about 80,000 1b/2q.in. compression, and
about 0.042" total depth: peening under tensile strain gave
comprossive stress up to 160,000 1b/sqein,, depth being 0.015" or
80,

Patigue Test Results. The most significant ones are in Source C:

FPig.C2.1. summarizes them. As-heat-treated the fatigue limit was
sbout 80,000 1b/sqa.in., raised to 128,000 1b/sq.in. by presetting.
Conventional peening gave 140,000 1b/sq.in., and sirain peening a
claimed 194,000 1b/sq.in., although the Appendix lists one 0.6%
strained~peened specimen which failed at 190,000 1b/sq.in.

Discusaion. The three reports deal with what is essentially a single

experimental programme on fatigue of leaf-spring type specimens.

. Source C is the most important for fundamental inf'ormation, and

gives a wall-integrated set of data with fatigue tests and residual
stress messurements. Fig.C2.2 correlatea fatigue limlt with
residual stress, and elsewhere in the paper tests on stress-
relieved peened specimens show that strain hardening contributeas
little to the fatiguv benefits of peening. On the face of things,
the evidence is clear-cut: only residual stress has any signifi-
cant effect, and there is a direct relationship between the
pegnitude of the residual stress, and the retwulting fatigue
limit. Although the U.T.S. is not stated, the highest achieved
fatigue limit of 190,000 1b/sq.in. is clearly in excess of 0.5
times the U.T.S., and apperently one of the principles supported
in Sectidn A, Section 5, saz buen upseot. ' - :

The mejor unusual feature of this test programme lies
in the applied stress cycle: this is from zere to tension in
all cases, and all quoted fatigue limits represent the maximum
stress in each oycle. To zonpare thesa with the usual rotating-
bending or axial push=pull tests, a factor of 2 needs to be

C2e1e
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Fatigue limit:

tons /sq. in,

™ Unnotched = polished
Notched

Notched = peened

28

a7
28

Specimen form: Rotating bending, 0.2375 in. diameter;
semicircular groove K, = 1.76

Figure Cl.b.1  The mitigation of geometric stress concentration

by shot peening S.11 steel {Harris, 1961)

-----
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introduced when the range of stress is being considered. The
statement that steel fatigue limits may approach Q.5 or 0.50
times the U,T.S. refers to rotating bending, with zero mean
stress: applying the same argument to the present circum-
stances and assuming a U.T.5. of 240,000 1b/sq.in. then the total
RANGE of applied cyclical stress is potentially about 210-220,000
1b/sq.in., as compared with the 190,000 1b/sq.in. achieved in
practice. The results do not therefore conflict with the princi-
ples already suggasted.

_ The dominant feature of these tests seem to be the difficulty
of achieving adequate compressive residual stress in a rather hard
material. It should be possible to induce and retain stresses of
the order 70,000 + 0.2 x 240,000 1b/3q.in., i.e. about 120,000 v/
sgein., and the 90,000 1b/sq.in. from conventional peening seems
rather low: the 140,000 1lb/aq.in. fatigue limit of these specimens
is correspondingly lower than the ideal. Strain-peening is then
seen as a means of overcoming this defect in conventional peening,
and raising the residual stress to a more effective level. One
confusing factor is thet the flat specimens were peened on one
side only, and initial residual stresses refer to the "free”
condition, i.s. released after peening and allowed to-oring to a
curved shape. Pigures given for this curvature suggest that the
residual stress in the "clamped" condition, or peened on both
sides, would be higher by about 20,000 1b/sq.in. in the convention-
ally peened case, and it seems likely that the benefits of applying
strain while peening are more mariked when only one face of a
specimen is to be peened.

Source C is well worth detailed serutiny, and there is
certainly a spectacular increase in fatigue limit with increase
in residual stress. The points which need watching when applying
the results more generally, though, are:- ‘

4} A1l tests had a considerable tensile mean stress, and the
semi-RANGE of stress naturally never exceeded 0.5 times the
U.T.S, of the material: similar reversscd-bending tests would
be unlikely to improve the fatigue limit beyond + 120,000 1v/
sg.in, regardless of how high the rasiduel compression became.

2) The comparatively thin (0.192") specimens would have a steep
stress gradient, and increasing the depth at which failure
‘initiated would give apprecizile improvemesnts: +the strain-
peened specimens are shown as having failure origins 0.,020"
to N.030" below the surface. Axially-stressed specimens
would gain little from this effect.

3) A tensile mean stress superimposed on the compressive
residusl stress means that the pesidual stress will fade if
there is any tendency for the corg to creep under the action
of the tensile mean. This would be a limiting factor if
softer materials were being considered.

Other reports. Almen (1950), includos the original suggestion for

' strain-peening, and somg¢ data. Elsesser (195?? givaes infarma~
tion on fading of residual stresses in flat leaf specimens
under ecyclic loading: +this could be pértinent in applying
Mattson's work to other circumstances,

C2.2
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Conclusions: Holding a surfaoce under tensile strain during paeniné

causes the final reaidusl compressive stresses to be greater;
if the applied fatigue strosses contain a significant mean
tensile component, and if the pesned material is hard enough to
retaln the residusl compression under fatigue loading, the
fatigue limit will steadily improve with increasing residual
compression. The maximum improvement reported gave & scmi-
ranga of fatigue stross of sbout O.h times the U.T.S.
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Figure C2,1 Variation of residual stress with applied strain

(Huttson and Roberts, 1959)
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Figure €2.2 Variation of fatigue limit with residual stress

=

(ilattson snd Roberts, 1222)

-t



T TTENR e v artae -

11,
CASE 3
Basioc Feature. Shot=peening rotating-bending specimens of aluminium
alloy, plain and notched, including the effect of
pelishing after peening.
Main Sources. A : Harris (1961)
B : Sherratt and Pope {1960)
Materials. A. (1; Duralumin L1 :
(ii) p.7.D.683, 5%% Zn Mg alloy.

B, D.TID.683 : %" bar stock : U.T.S. w tons/sq-in.
0.1% Proof 38 tons/sq.in.

Form of test piece. A : Wohler plain, and with circunmferential groove
of KT 1076-

B : Wohler plain, longitudinal radius 4",
critical diameter Q.3 ins. Similar with
circumforential groove, KT 1.35.

(Figs. 0303 and C}J‘.)a

Peening. A: (i) Vapour blast (ii) Peening, probably with
0.031" shot.

B : 0.060" chilled iron shot : 35/40 1b/sq.in.:
nozzle to workpiece 6" : 30 seconds exposure:
Almen HOC to J015C.

‘Residual Stresses. No measurements. Estimated, for L1, 50,000 1t/
sgein.; for D.T.D.683, 65,000 1b/aq.in. to about
0.045" depth in source A, and tc 0.030% depth in
source B.

Fatigue Test Results. A : Figs. C3«1 and 2. Clear improvement of
notched specimens of both alloys.

B : Figse €345 to C3.9. Clear improvement of
notched specimens: possible improvement by peening
and polishing plain specimens, but definite
reduction from peening alone applied to plain
specimens. .

Discussion. There is little ambiguity about the results in either
casa: shot peening substantially improves the fatigue limit of
the specimens with a circumferentiel groove; grit blasting and
vapour blasting also improve the grooved Duralumin specimens,
although the improvement is substantially less than can be
obtained by shot-peening. In sharp contrast, Fig.C3.6 shows a |
clear reduction in fatigue life when plain specimens of D,T.D.683
are shot peened with 0.,090" diameter shot, and other tests in the
same report show a consistent reduction in fatigue life at 17.0
tons/sq.in. for 0.060" shot used at various exposures and nozzle
prossures.

_ The main feature of Source B, though, concerns the
effect of polishing after peening {Pig.C3.7 for plain specimens,
and Pig.C3.11 for notched). The dsmaging effect of peening can
be removed from the plain spacimens by polishing the suxrface,

C3e1e
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and under optimum conditions the S/N curve is generally improved
as compared with the untreated, polished tests; notice, though,
that the improvement is not large, and that optimum conditions
Toquire a large proportion (0.020") of the pecned layer to be
removed. In contrast, polighing notched specimens gives an
approciable improvement (108 limit raised from 13 to over 15 tons/
aq.in.), and tho greatest improvements occur when only 0.00L" to
0.006" is removed from the surface; another feature is that on
notched specimens the peened surface can be removed by turning,
rather than polishing, with ne apparent ill effects.

The most striking point requiring explanation comes from
comparing Pig.C3.10 with Figs.C3.6 and 7. The best peening-plus-

" turning condition doss more than overcome the strength reduction

effoct of the notch, giving a fatigue limit which is not only
higher than the plain fatiguo limit of the materdial, but also
oexceeds the best that peening-plus-polishing can achieve on plain
specimens. It seems that in this case the notch makes an
essential contribution to the mechanism by which peening raises
the fatigue limit. Two ways in which this could happen are (a)
the triaxial stress state at thc base of the notch could be
proventing the fading of residual compression, or (b) the form of
the notch could be favouring tensile type propagation as opposed
to shearing propagation. Strong support for (b) comes from the
form of fracture seen in the plain EL" longitudinel radius)
specimens, which had jagged mating surfaces on the broken halves,
in contrast to the classic transverse fracture of the notched
specimens. "

Applying the ideas of Seotion A $o thesé results, a
reasonable pattern emergss. Plain specimens fail by the formation
of shearing cracks which, in those particular circumstances, are
seen to propagate for considerable distanceés (probably the heavy
anisotropy of the %" extruded bar is an important factor)., In a
sof't materianl such as this, compressed for half the cycle,
residusl stresses will very likely fade rapidly. The circumstances,
then, are particularly unfavourable to shot-peening, and the result
is a reduction in fatigue life. The peened and polished specimens
which showed a small inprovement had only a thin skin of peened
material left on them when testéd, and it seems unlikely thet
residual compression is the prime factor: +the implication is
that the work-hardened skin inhibits the initiation of fatigue
cracks.,

On the other hand the nctched specimens fail by the formation
of cracks in the bese of the groove, the fatigue limit being decided
by whether or not the cracks propagate in tension across the section;
the form of the specimen prevenits extensive shearing propagation
from playing a major part. Residual compression at tho base of the
groova is very eff'cetive in these circumstances, preventing cracks
from propagating away frox the surface: peened-and~turned specimens
quite of'ten showed 3 type of sub—surface failure. The notch is
essential both to prevent the residual stresses from fading and to
prevent extensive shearing cracks; the results are therefore not
as anomalous as they secm at first. Seveoral subsidiary factors
fit easily into this pattern. Turning instead of polishing is
successful as a final rinish because surface geometry does not
patter when sub~surface cracks are the limiting factor. Vapour-
blasting and grit blasting do not give such large improvements as
shot-peening because the depth of the worked layer is a major factor

£3.2. .
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when suppression of arack propagation is involved, and the depth of
layer from these processes does not penetrate below the stress raising
effect of the groove. Similar arguments csn be put forward for severasl
of the other details touched upon in Source B.

Conclusions. The effect of shat-peening on rotating-bending specimens
of structural alumiriwum alloys depends strongly on the form of specimen
taken. Plain specimens may be reduced in strength, but deep circum-
farential grooves show marked improvements, and favourable peening will
give a fatigue limit at least equal to the un-notched strength.
Polishing after peening improves both plain and notched specimens, but.
only the notched forms show a great encugh increase to be of rcal
intorest: peened-and=-turned notched specimens may have fatigue limits

2] e
(107, on nominal stresses) higher than the best that can be achieved
on plain specimens.
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Shot-peening and vapour blasting in association with
other surface finishes, as applied to high-strength
alupiniwn alloya.

Main Source. Brown (1960)

Materials. (a) D.T.D.}GS Al-Zn-Mg alloy: O0.4% fmof.
3/59 tons/sq.in.:  U.T.S. 39/42 tons/sq.in.

(b) D.T.D. 36 Al=Cu: 0.1% Proof 27/31 tons/sq.in.:
U.T.S. 32/34 tons/sq.in.

Parm of test piece. Dumbell suitable flor Schenk axisl-load machines.
Two forms:=-

(1) Plain specimen with central perallel portion Q.7"
diameter. '

(11) ™"Unlosded hole" specimen, with transverse hole
0.4875" dia. through C.832" dia. central portiocn.

Surface treatments. A variety of treatments, such as anodising (two
processeai, etch priming etc. in aasociation with capri-honing.
‘Also shot-pgening in association with anodising: peening with
0.011" dia‘ Shot at 20 lb/Sq.in. to ﬂmen 0.008".

Residual stresses. No measurements given: will vary censidersbly
over the different conditions.

Patigue test results. All tests were carried out with a substantial
mean tensile stress, 10.0 tons/sq.in. for the plain specimens,
and 8,0 tons/ej.in. for the holed ones. Figs.Chei. to Cedidr
swmarize the results, but it must be appreciated that the lines
shown on these graphs are an attempt to simplify the information,
which usually comprises 6 to 10 test results for each condition,
spread over a range of stress levels, and showing considerable
scatter. Smell differonces between the lines for different
treatments are therefore unlikely to be significant.

Other reports. Harris {(1961) gives the results shown in Figs. C4.5
and C.4.6 for various blasting treatments in association with
hard ancdizing, using rotating~bending specimens. Peening and
vapour blasting very effectively overcome the strength reduction
effect of the hard ancdising, giving fatigue limits higher than
the plain polished condition.

Discussion. No clear~cut picture emerges from Brown's test results.
Although the graphs reproduced show variations between the
treatments, the scatter in the full results from the original
report means that only the more extreme variations are signifi-
cant, e.g. sulphuric acid ancdising gave very poor results on
both types of specimen in both materials. Capri-honing scems
to give improvements in most conditions, but surprisingly did
not help in association with Bengough-Stuart anodizing on a
plain spocimen. The B,S. anodizing did not seem to be
reducing the fatigue properties by any large amount, though,
‘and it is possible that capri-honing might show a greater effect
if it preceded sulphuric-acid anodizing, with its pronounced
strength reduction.

Colpats
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{a) Unnotched specimens

e b L= T ua

Fatigue limit: tons/sq.in.

st Unnotched = | Unnotched =
Condition polished vapour blast
9.8 9.8

{b) Notched specimens; K, ® 1.76

Condition Notched

Vapour } Grit
blast blast

Shot Shot peened
peened | + re~heat

Fatigue limit:
tons/sq. in, k.5

Figure C3,1 [Effect of surface treatments on Durelumin Ll

(after Harris, 1961)
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ey s Notched Notched, Notched, shot peened
Condition Kp = 1.76 | shot peened | and re-heated
Fatigue limit: .

tons/sq. im. 5.9 11.7 4.3

Fiﬁgge £3.2 |The intlquge of shot peening on notched sgeciﬁens
of D,7.D, 683 (after Harris, 1961)
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On the holed specimens, capri-honing could be giving an improve-
ment, but again detailed nxamination of the test results makes this
doubtful. The transverse hole is a difficult stress-raiser on
which to use mechanjcal blast treatments, as a fatigue crack might
woll form inside the hole, where the untreated surface left by the
drill is the dominant factor, rather than the peened or vapour-
blasted surface: this was appreciated by the author, who suggests
that mere optimistic results might be obtained on "f‘ully exposed
concentrations such as ra.dii"

The ahot-peening tests on plain D,T.D.363 show a clear
inprovement at high stresses and low lives, but there is no -
evidence that the fatigue limit is improved: anodising af'ter
peening reduces the strength slightly, but again the B.S. anodis-
ing does not sesem to be disastrous either with or without peening.

In contrast to Brown's results, those by Harris show clear
benefits from both shot-peening and vapour-blasting, and mmall -
improvements from the milder aqua-blast. It is unlikely that the
difference in material would account for this, since Duralumin, L1
and D.T.D.364 are both copper-bearing alloys. Other differences
lie in the stress—cycle used, and the final cocating. Harris's
hard anodizing seems to have a much greater strength reduction
effgct than B-S anodizing, and it is in overcoming this reduction
that shot peening gives such favourable results.

Applying the ideas of Section A to this problem, the function
of shot-peening is to introduce residusl compression into the
parent metal, immediately below the coating: this helps to
prevent cracks propagating from the coating into the parent metal.
Large benefits can be expected if the original process, without
peening, has the following features:-.

1. Residual tensile stresses in the parent surface.
2, A coating in which fatigue oracks could easily form.
3. An appreciable depth of coating.

These circumstences acting together will cause large reductions ln
fatigue strength. Using Frost's figure of 03 = 0,2 for a 3%
Cu~Al alloy, the minimum alternating stress needed to propagate a
crack already 0.001" long would be less than 6 tons/sq.in, The
hard anodic coating (00" to 002" thick) gives a fatigue limit
of 7 tons/sq.in., which is not quite as damaging as we would

" expect on the assump*:ion that the anodic coating is effectively

cracked early in the life, but the general trend suggests that the

propagation or non-propagaticn of aracks is at least one of the
pertinent factors. ‘

One factor not considered so far is the differences in the
strass-cycle between the two sets of tests, Brown's axisl-loeding
cycle with high mean stress, as compared with the roating bending
tosts of Harris. There is a general feeling 'that surface com-
pression will not be as beneficial in axial loading as in bending,
and this is logical since the stress gradient in a bending test
becomes a favourable factor if the treastment succeeds in produc-
ing sub-surface failures. A general assumption that high mean
stresses give less favourable conditions is not so valid, though,
as was seen from Mattson's tests in Case 2.- High mean stresses
© will only detract from peening benefits if they are so oriented
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as to csuse relief of the residual stresses during fatigue cycling.

In this case a tension~tension cycle is less likely to cause plastic
deformation of a compressively—stressed surface than a tensicn-com=-.
presaion cycle would be, and it 1s necessary to imagine the core of the
specimen prograssively extending under repeated loading. Thers is no
information to help directly on this, but Pattinson and Dugdale (1962)
cerdainly found that repeated stregses of + 245 tons/sq.in. caused
significant fading at more than 10° cyclas on a 4% Cu-Al alloy.

Conclusions. On the whole there are many unresolved factors, but the
general patterm is that both shot-peening and vapour blasting are
likely to overcome the deleterious effacts of a surface coating applied
to apn aluminium alloy, but unlikely to improve a condition in which a
coating process has already been modified so that it ceuses no marked

reduction in fatigue properties.
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s Hot Hard Shot peened
Condition anodized| enodized | and hard anodized
Fatigue limit:

tons/sq. in. 10.5 T.2 1.4

Fi e Ch-

The influence of hard anodizing and shot
peening on Duralumin Ll (after Harris, 1961)
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CASE L4a

Basie Peature. Grit blasting in ‘association with metal-spraying, -
applied to high=~strength aluminium alloys tested
under corrosion conditions.

Sources. Pulmer Research Institute Reporta:;-
R.106/5/June 1960: R170/1/Sep. 1964:
R.470/3/0ct. 1962,

Materials. f{a) D.T.D.683 and D.T.D.687, Al-Zn-Hg alloy in bar and’
sheet form: U.T.S. 41 tons/sq.in. (ber) and 38 tons/
sq.in. (sheet).

(b) HE 15 (var) and HS 15 (sheet): Al=Cu alloy:
U.T.S. 31"’31‘. tonS/Sq.ino

Form of test piece. (i) Axially loaded, 0.226" dia., (red) or
0.5" width { sheet): (ii) Rotating cantilever,
dia. 0.263": (iii) Reversed bend, 0.5" wide.

Blasting. Grit blasted with Blastyte Grits Nos.i, 2 and 5: arc
heights on a 0,050" thick Almen=-type strips, made from
NS 4 ¥ Hard were 0.040" for No.i Grit, 0.,010" for No.2,
.and 0.003" for NO.B.

- Residual Stresses. No measurements: probably about €5 to- 70,000
' 1b/sq.in., 002" to 004" deep on D.T.D. 683 and
687; slightly lower on HE 15.

Patigue Test Results. Various results given, stress systems covering
axial load, with aniwithout mean stress es well as
the reversed and rotating bending tests. Air fatigue
- and Na C1 corrosion limits (3 x 10/ cycles) are quoted.
None of the air fatigue values for un-notched specimens
shows an improvement due to grit blasting alone: in
fact No.5 grit caused s small reduction, and the coarse
No.{ Grit a marked reduction in strength for both
D.T.D.683 and HE 15, tested under both axial and rotat-
ing bending losds. The corrosion tests give a slightly
more optimistiec picture: g;,'it blasted specimens have
higher strengths (at 3 x 10/ cycles) than untreated
material for most of, but not all, the conditions.
There is no obvious pattern to the exceptions, though,
and grit blasting is certainly less effective than a
metal sprayed coating for improving corrosion resistance.

Some notched specimens were tested in fluctuating
tension, the notch being a 60° groove, 0.016" deep,
0,002" root radius, K$ = 5¢1. Specimens wers either
blasted with No.3 grit, or metal sprayed. For D.T.D.6837
bar both treatments gave air fatigue strengths at 3 x 40
of 5.5 + 5.0 tons/sq. in., the same as the notched
strength without trestment. Under NaCl corrosion the
untreated and metal sprayed both dropped to 4.0 4 3.6
tons/sq.in., but the grit blasted was lower at 2,8 4
2,5 tons/sq.in. -

Cha..
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Discusaion. None of the conditicna investigated shows grit blasting

as a procoss worth using ag a woy of Izprovisgocither alr fatigue
or corrosion fatigue strength at 3 x 10:’ oyclos; in faot grit
blasting causes a reduction fatigue strength in nearly all un-
notched air fatigue conditions. The notched results are even
more significant: the residual cooprsssion induced by blasting
completely failed to give an improvement, even when a circumferen-
tial groove was present. This contrasts with the results of Case 3,
whers two independent reports show that shot peening gives marked
improvements on similar aluminium elloy specimens with circumfer—
ential grooves. Apart from the difference in treatments (grit
blasting in this case, shot peening in Case 3), the main difference
1ies in the form of stress-raiser. Both Harris and Sherratt in
Case 3 used grooves with comparatively mild KE velues, (i.e. large
radii at the groove base), and full penetratidn of shot into the
groave base was achieved; in addition decp, large-radius grooves
ensure tensile-type crack propagation. The shallow, sharp groove
used in the Fulmer tests was probably not completely penetrated,
even though the particle size was smaller than the Case } tests,
and although there is no information asbout the form of the
fracturea, shearing orack propagation might still be possigle.
Specific mention is made in the June 1960 report of the 45, or
shearing type, cracks observed on D.T.D.683 axially-loaded
spocimens, tested under corrosion with zero mean stress; flue-
tuating tension produced tensile cracks, lowering the fatigue
range from » 5.3 tons/sq.in. to 4.8 + L tons/sq.in., and
applying a cathodie current to zerc-mean-stress specimens also
changed the fracture from shearing to tensile form, this time with
an improvement in strength. Thers is obviously room for a full
investigation and discussion of the type of failure in various
oircumstances, but for the present discussion we cen only note a
tendency for shearing type fractures to cccur when conditions
happen to be favourable, i.e. corrosion present, and mean stresses
tending towards compression. Under the hypotheses sugzested in
Section A of this review, residusl compression will be effective
in suppressing tensile oracks, but if this is superscded by
shoaring propagation at & range of stress very little higher

than that neecded for tensile propagation, the net gain will be
small, Again, if sharp grit causes sufficient damage %o give
the shearing cracks an casy start, the overall effect of blasting
will be to reduce the fatigus strength. The general failure of
grit blasting to achioeve fatigue improvement can be linked with
several factors, then, including

(a) the geometrical surface damage caused by the process
{b)} the shallowness of the residuasl compression induced
(c) the tendency for the alloys treated to fail by shearing-

type crack propagation when circumstances do not favour
tensile failure.

Conclusion. Grit blaating does not generally improve the fatigue

strangth of aluminium 2lloys to specifications D.T.D.683 and 687
or HE 15 and HS 15. .J\ir fatigue strengths are generally re-
duced, and although corrosion fatigue strengths are raised in a
few circumstances, there is no clear-cut indication of circum=-
stances under which grit-blasting would be useful in itsolf

a3 a production process for improving the fatigue strength of
aluminjum alloys. Where metal sprayed coatings require a rough
key to be formed on an existing surface, though, grit blasting
is a convenient means of previding the key.

Cb.a.-?.
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CASE 2

Basic Feature. Wet blasting of titanium with .001" glass beads.

Source. Reed and Viens (1960).
Materdial Titanium alloy 6 AL LV : Roclavell C,.30-32.
Form of test piece. Krouse plate fatigue specimens, 0.90" wide x

0.,200": longitudinal profile 0.85" radius on each
edge.

with water.

Peening. 0.,001" diameter glass beads, 90 1lb/sq.in. air blast

Rosidual stresses Surface removed by acid etching and streasses
estimated from curvature measurements. Compression
108,000 1b./sq.in. at the surface, decreasing to
zero at about 0.0025" depth.

Patigue tests. Endurance (107) limits determined by staircase metheod,
" with 2,500 1b./sq.in. load increments. Vacuum-
annoaled specimens had reversed-stress endurance limit
of 41,500 1b./sq.in., which was raised to 53,900 lv/
sqe.in. by the glass-beed btlasting (nearly 30% improve-
ment.). )
Discussion. The investigation was concerned mainly with the effect
of different grinding methods on fatigue of titanium, and the
report includes endurance limits for ground specimens with
tensile residusl strosses up to 62,000 1b./sq.in. A steady
improvement in endurance lirit was found as the residusl stress
moved more into compression, and the authors suggest that F_ = F -
S_, where F_ 1s the endurance limit when a residual stress § is P
10
present, and F_ is the endurancs limjt of wvacuum~annealed material

(1b/sq.in. throughout). This is a useful empirical relationship,
but =ome of the points to watch are:- :

(a) There is no information about the form of the fractures,
except for a statoment that "..... the edges of the specimens
were broken and shot peened with No.110 cast-steel shot to
prevent breakage at the edges." Thisszems to imply that
without this pecning eracks would form at the edges, perhaps
modifying the whola of the results.

(t) If the ompirical relationship is accepted, the specimens
showing most deviation are the stress-frec ones, having an
endurance of 41,500 1b./sq.in,., compared with 45,000 1b/sq.in.
at 25,000 1b./sq.in. compression, and 42,500 lb./sq.in. at
23,000 1b./sq.in. tonsion. The authors point out themselves
that un-notched rotating-bending specimens give endurance
values nearer 70,000 1b./sq.in., and associate the lower
values found here with "... the size and shape of the
fatigue specimen", i.e. the specimens are offectively
notched, but the exact nature of the stress raiser is not
investigated.

C5.1
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(o) Staircase testing doos not givo complete information, and 107
is fnirly short for teost duration in this type of work: ten
specimens were used in cach condition, though, which should
offset this to =ome extent.

Conclusions. Wot blasting with glass beads improves the fatigue
limit of titanium: the induced rosjdusl atresses are high
but shallow. Substantial improvemont may only be expected
wher the untreated specimens are giving ondurance values
less than tho plain, polished figurcs, i.e. the specimens
are effoctively "notched", The tochnique could probably
find wide application on other alloys where contamination
by iron "pick-up" would be a dravback to econventional
iron=-shot peening.

Ca5e2.
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CASE &

Basic Feature. Pocning of aluminium alloy with aluminium shot.

Source. Berry {1960).
Material. Auminium alloy to spoc. L65.

Form of test picce. Reversed bend from " flat meterial, 2" wide.

Egpning- "Granal' shot, an aluminium alloy shot of Swiss origin:

10 1b/sq. in. pressure was used, and L65 strips 3" x 3" x 0.,057"
gave an arc height of 0.022": this seoms to represcnt saturation
for theso strips.

Rosidual Strossos. No measurements. Could be as high as 60,000 1b/

8g.in., but there is littlc evidence from other work to enable
estimates to be made.

Fatigue tost results. Peening certainly gives an improvemont compered
with the ags~extruded condition, but tho results show cohgiddrable
scatter, and no specinmens were run without failure to 10
Comparisons based on tests at a stress of 10,78 tons/sq.in. show
improvements in life of about 5:1 due to peening.

Discussion. Apparently spectacular increascs in spocimen life can
reault from tests which move the failure stress level by only a
minor amount, and the tosts reported hore must therefore e
regarded as gualitative only. They show that cluminium specimens
having a poor surfaco (e.g. as-extruded) are improved by Granal
pecning, and that the improvement extonds ¢ver the whole range of
stresses investigated, but no firm conclusions can be dramn chout

the 108.fatigue'limit in either the peened or unpeened condition.
The escentric-chuck typo machines used in the investigation have

drawbacks compared with constant load machines for this type of
work.

Conclﬁsions; In circunstances where contamination by iron shot is
likely to lcad to corresion, aluminium alioys may be successfully
peencd with aluminium alloy shot.
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