SHOT PEENING RETARDS " FRETTING”

Yves LE GUERNIC, METAL IMPROVEMENT COMFANY, France

ABSTRACT

Controllled shot peening is well known to be very effective adainst metal
fatigue., However, its effect in retarding or eliminating fretting is not as
well understood. Frettind, a complex deterioration phenomenon caused by the
small amplitude relative motion of two mating metallic surfaces adainst one
another, is described and analvsed.

Fretting corrcosion, fretting wear and fretting fatidue are discussed.

Increases in contact area, compressive residual stresses, improved lubrication
and hidh material hardness are beneficial to frettind performance whereas higdh
contact pressures, lack of lubricatien, increased motion amplitude and low

harness are detrimental.

The effects of controlled shot peening along these lines are investidated
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. effect on contact area

. residual compressive stress

. mating surface peak elasticity
. debris removal

. lubricant retention
. micracracks arrest
. cold work

. surface texture
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The applicability of shot peening to improve the fretting performance of carbon
steels, alloy steels, stainless steels, Titanium alleve and Aluminum allovs is
investidated and several case histories and experimental data compiled from
various cources serve to illustrate the effectiveness of the process.
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Fretting corrosion, frettind wear, fretting fatidue, residual compressive
stress, surface texture, mating surfaces, workhardening.
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DETTT RO

Thies tvpe of surface destructive phencmencn of metalic parts, 1in contact and
urnder precsure and animated bv minute relative movements is also calied wear
through micro-movements or (UIP) and crackingd through micro-movements (FIPJ.

The fretting causes shear peaks by friction between the contact zones znd the
non-contact zenes onto which are superposed local plastic deformations of the
azperities., There follows microwelds of theze asperities under the influence of
the high contact pressures and the temperatures due to  the c
deformations.

The mipute relative displacements of the contact surfacez subsequently cause
the rupture of the asperities, which then oxvdize.

The phenomenan of wmetalic
amplificating influence of
base metal,

Score marks and severe surface damade will soon appear under the influence cof
the applied service stresses af the moving parts added to the shear streszes
due to friction, fatigue microcracks will develop and fate leading to

eventual part rupture.
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URABLE PREINMCIFLES
hearing characteristics

ive residual stresses Lack of lubrificatiocn
# Lubhrification retention % Movement azmplitude
* High material hardness # Low material hardness
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Fig &
When one of the twoe surfaces has been shet peened, the
copnsiderably modified. Bearance iz assured by a multituds
which will each absorbe 3 part of the contact pressure. Pl
the hidhest peointe will permit the dinitially lower p
participate in the bearance effort distribution aver al
Fig 7
Eecsidus 5 33
The residual stressz field introduced ot peening iz alr
it characterized by three gparticular :
- Js - surface stress
- Cmax - maximum stress
- &n - rerg stress
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These strecces are of a high magn
.7 times the tensiles strength
variec from several thoucsandszs of
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The graph in Fidg., 7 allows =
us to estimate the depth
of compression as a function
cf the dlimen 1ﬁtersity for
different materials such as
aluminum alleys; YATIOUS
hardness steels, titanium

and a nickel based allaov.

Fig ¢
Peak RElasticitwy
When tuwo surfaces

eiasticity of the
an important role. ;&
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Take as an example 3 hair hrush. Hhen you place vour hand on a brush and maove
it back and forth, the brush will mave in re ation to vour hand without
friection. The elasticitv of the bruch hairs have abksorhed the movemsnt
amplitude

We can easily imadine that if the peak created by chot peenind absorb the
relative movement amplitude of the two contact ind surfaces, then th i
condition disappears through lack friction.
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Reteption of Lubrificating Adepte

The very local contact pressures on the zzperities often leads to rupture of
the 0il film or expulsion of the lubrificating agent. The weak cve amplitude
of movement can scmetimes amplify the phenomencn. The PCEElbiliﬁ‘ of keeping
rpockets of lubricants in the immediate proximity to the maximum preszzure
permits a  better lubricaticn of the compressed surfaces The elastic
deformation of the pressured surface leads to the elimipation of the lubricant

which would denerally opposze the applied surface pressures,
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& fatidque crack will nrt sropagate if it is impriscned 1n & compressively Icne.
Shot peening, by the iptreduction of 1 comprecssive stresses, Qpposes
crack propagation and considerably clows the rupture of & part through
fretting.
Fig 13
of microcr
Hicrostructure
Shot peening 1is a mecanical treatment that cold work hardens the metalic
csurfaces, This stress hardening can produce a considerable superficial hardness
increase which will improve wear characteristics,
The increase in hardnesz as & function of depth on shot peepned satellite is a
claszic example,
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The very original sur sroduced by controlled shot peening often
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twn contacting surfac :
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If, on the contrary, a relative movement hlockade is required, then shot
peening of the hoth surfaces would be necessary, In the caze of
micro-cscillations, this sclution would appear to be &

S

Carbon Stesl Tvpe XC1

Fretting has a dreat influence on steels. In fact, in many cases a reduction in
durability of & factor of 10 or more is qguite freguent.

In deneral, the softer the steel the dreater will bhe the damage throudh
fretting.

The increase in hardnesz by the pronocunced strain hardening effects of sh
peenind on seft steels iz a major contributing facter in their durabili
improvements when faced with fretting corrosion phencmenon. The fretti
fatidque limit, in durahilitv testsz, pa

peening which is an increase of 50 %.

from 150 to Z25 MFa through =sh

! ! ~ }l
ICentact,......5teel Steell z 3%} ~ AN FATIGUE
£ i tPrENE
] i : ./ sHOT PEENED
oo f = N
leontact pressure....&8MFal 300 o e e NN I
‘ —_— v 2 > FRETTING FATIGUE
Hfregquenty. vucavree . 35H2 | 2 ‘ SHOT PEENED
o - . S P &
i3F MI 236.......d1am §.841 I
fintepsity 8.124...FI0/73041 2
ooV erage. v e 125% | Z
fcontrel.oeseses . Peenzcani &
i 5
i i <
Fig 16 ! fretting and fatidue life of
shot peened XC18 steel

—290—



/50T

——D

oo

Fig {7 ! in

r
-y
n
a
"

shot peening

Lighty Allloy steel 470D4

This test on & joined acsembly of 42004 shows a gain of the zame crder a
the X018 steel after shot peening.
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20 NCD 16 Steel

This steel i the aercpavtical industrv. én example
fretting is under the Learind cage contact zurface
transmissian

Shot peening

the fretting mare than 200 ¥,
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\tic Stainless Steel

The influence of fretting is much dreater on stainlecs steels of tvpe 304 than
on soft steels. Fretting fatigue life deterioration is from 280 to 165 MPa, a
decrease of approximately &40 ¥, Shot peeningd allows a dain under fretting
copditions, such that it will egqual the non cshot peened pure fatigue test
results, The test conditions and shot peening parameters are the same as for
those in the carbon steel tects. The increase in hardness after shot peening of
austenitic stainlecs steels is certainly on the frettind hehavior,
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On the other hand, the stainlezs steels natural sensitivity to "dripping” is a
factor of agravation on the microwelds and thus to fretting corrcosion.

i .
Titanium it & material sensitive to fretting, even more so than steels. The
loss of endurance of t

ritanium throudh notch sensitivity is well known, In this
-ase, chot gpeening has shown, since longd ade, a dreat effectivensss in
neitising” titanium, and increasing its resitance to surface damade.
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Testes on titamiun spe

cimens under three different levels of contact p @S EZUTES
have zhown an increase degradation of the fretting behavior, in a 11ished

‘|”l

g, The shot pepnln . uhen

conditions, as & function of the incressed pr r
e t conditians adain proves its

applied to the szame specimens under th
high effectiveness,
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Thie material is alsc very sensitive ta fretting. The fretting phenomens ca
reduce, by & factor of three, the admissible fatigue stress of a polished tes
specimen, In this case zlso, shot peening will regenerate the fretting-fatidu
limit to the same level as that of a polished specimen submitted to a pur
fatigue endurance tect,
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The induced residuazl streszes play an important role in the shot peening
effectiveress., The WOHLER curves kelow show us that the shot peened state is
far better than the unpeened polished state.
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Tests on aluminum allov Y075 zhow z perfect decenzitizatic iftg frettin
shot peening, In fact, the fatigue and frett ing durability are
chot peening. In the case of untreated tect camples, the lo
through fretting is in the order of 50 ¥,
2075 O PLAIN FATIGUE } PEEN
400 SINGLE STAGE AGEING @ FRETTING FATIGUE ) U LENED
2 PLAIN FATIGUE gPEENEO

4 FRETTING FATIGUE i
L4
*300t .
"
.
4
i ,
@

0% 1
SYCLES 10 FAILURE

Fig 26

ALUMINLM
Coantact

Shat peening paramstar:s

shot. s neens. MI 330
i .
i

Almen intensity..v.'senons

s
COVEBT AT R, s v e s s ersrnsssen:12B 4
centrel. ..o iiniian...Peenccan

P BEUENCY e s v e e venss. 2BHE

—295—



REFERENCES

{11 5Scciété Francaice de Métallurgie. Commission des matériazux 8TI, MR,

BLEUZEN, CEAT.

m

{21 The effect of shot peening on the fretting fatigue behavior of an
austenitic stainless steel and a mild steel, R.W. WATERHOUSE and [.A. SAUNDEERS,
University of Nottindham.

[3] MIC Technical File. Fretting corrosicn study on TA &V,

[41 The effect of fretting fatigue characteristics of Titanium - steel Jeints -
W.L. STARKEY, ASME member, and J.&. COLLING, Obic State University.

[61 The fatigue of an aluminum alley produced by fretting on a shot peened
surface, &. LEADBEATHEE, B, MNOBLE and FE.B. WATERHOUSE, University of
Nettingham.

[6]1 The interacticn between shot peening and heat treatment on the fatidue and
fretting fatigue properties on the high strength aluminum alloy 7075 ; W, L,

B. NOBLE, R.B. WATERHOUSE, University of Nottidham.

[7] Shot peenindg applicatians, MIC technical litterature.

—296—



