Influence of Shot Peening on Notched Fatigue Strength
of Ti-6A1-4V

. Gerdes, . Luetjering

Technische Universitaer Hamburg- Harburg
West Germany

The fat
four 34T

CIREYL

obh and notoehed spocimens we
) stures of the T
i and notchaed speoinens
condition and plotting the maxiowes st

investigated For
-BR1-4V allioy., Comparing the 5-1
tectrolytically polished
roct of the notoh
wns the same 107 cycles fatigue rength
r sisbance against orack leation determined the fotigus
strength. & higher fatigue strength for the notehsd specinens was obtaine
1 re g microcrack propagas termined the fatlgue
This latt poenaed conditions indicg
e sl a3 on microcrack pro-
: point could be proven by

rosie:

notehed s

Wil E

ainst

Lon 3

found for all sho
the influasn =13 idual comp
mined the qua slrength. Thi
che fatiogue strength of shot peencd = imens after the internal
rad boen relicved to s large extent by asnealing. Furthermore, by
arating Lhe remaining vwo parametors {surface roughness and dislocation
densityl the tremendo ¥ al offect of di
sEIrEn

hoenefioc ocation density on fatigus

coth and notched spocimpens, eleoctrolvtically polished

shot, peening, vesidual stresses, surface roughness, dislocation

INIROD

Ihodsm owel]l known that the surface findsting pro
1 stranglhi. Taking the electrolyt

diure has a drastic influ-
1iv polished condition
Lahics ath of & material any surface finishing by
3 hoeds (machining, grinding, shot pesaingt can increase or do-
o The fatigue strength depending on varicus parameters, The changs
material due to the surface finishing procedure can be descoyibed by
i surface roughness, internal compressive and tensile
shy g, i jon densi {mtranglti) . The influence of these three
parameters on Fatigue strength can be separated (Wagner eb oal, 1881,

@nees 2

anical




toarn which fhe
{tensicn-

5 oare bthe onvinon
is evaluated and the type of app
nostress).  For each & ing condition it ojs on
whether the cracks are nucleated at the specimsn surface or inside 1".L, maten
rial {Wagner et al, I981).

The purpose of the
s ono
o use
g

Cituer Dmportant paramete

Tied

Fat igue stren
il ds mecss:

Chgatiion was b evaluoabc
Camparing smooth and notobed s
surface finishing for the root of the
ans, The erxperimental e E
tian razsulited is crack mucleation

ent inves

chied
f:h
mocth spec

Fng ol

3

the speci

EXAPERIMENTAL PROCEDUR

[z + T~V
Go3 0w AT, 4.2 w0V,

tivis  drwe
ilowing basie oomy
OO0 % hvdrogen.

_'1.'11<'.'t_'urt_

I ma ial umed for

al luy with the [

3]
4]

onnygen, O
rant micros

eI
ifine and

stures the eguiaxed

Lar}.
grain

nmoand oA
s wWire
stion (GDY. Morse detaiis aboust these
puk:lighed ewhare (Gerdes
T oFor 24 hours and the resulving v
apuiawed 1060 MPa, bi-modal 1080
23 lar 440 MPa.

ooz

avaphic

iy vl thus sbhr

]
ditions

were Finally
WOTE A%
Ml

ERHIG VR

fing lamellar

were performed on oro ing beam %;}f* ]
HPUENGY S1H T oHz . The gmooib 0
sroof G4 mm. The rnound notched
circunferential notch
oot shape (radiuvs U.3 mmy. This
stion factor Ke of aboul 2.4 and the ox
ii.{;.ldua}.]y‘
W BT a wore Lo
peened) . O takan that
all mas h1’1‘nv efforts were o
plactrolyid

Lty F

mre and a v introduaced
semi-cire
COncent s

for cach

=3 {al
Torv the o

1%

t ally polish
cved . The shot poening was perforsed on th
ally polisbed specimens using stesl shot with an averags shot
gloe of TL3 mmoand a Vi
this

rirdy

o L

min. ) W
ir adgre

PEEIVE DV Eronmont . The Almen

A (madl

intensity was about 17

ERPERIMENTAL RESULTE

The
shown
rosat (o

the four different
ST g Lhie maxdmm In the potoh
E-Mogurves, For the egquiaxed, bi-modal
2-4) no difference was found for
the 157 cyeles fatigue strength G oand no in Abe
electrolytically polished surface condition. By conlra Y EE

Lamellar microstructure the notched specimens showed stili Tatigue
strength afver 107

and M) .

the fatigue L
For
plobted for th
and ,-_J.ne ;amallar microstructur

A

Fily

cycles as o

compare

rad to smooth specin

LR LY

176



A drastic increase in the 107 cycles fatigue strength was found for all
four microstructures after shot peening. In contrast to the electrolyti-
cally polished condition, after shot peening a higher 107 cycles fatique
strength was observed for the notched specimens as compared to smooth
specimens of the equiaxed, bi-modal and fine lamellar microstructures
(Figs. 2-4 , compare curves D and B). The most pronounced difference
between notched and smooth specimens in the shot peened condition was
observed for the coarse lamellar microstructure (Pig. 5, compare curves

D and B). T

To evaluate the influence of compressive stresses in the surface layer

on this difference between smooth and notched 107 cycles fatigue strength
values, shot peened specimens were annealed at 500°C for one hour. This
heat treatment removed the internal stresses to a large extent keeping
the other two parameters (surface roughness and dislocation density)
nearly constant (Wagner et al, 1981). The results of the subsequent fa-
tigue tests are shown in Fig. 6 for the equiaxed microstructure. It can
be seen that due to the heat treatment the 107 cycles fatigue strength
values were reduced drastically and nearly the same value was found for
smooth and notched specimens (475 MPa). This value was now much lower than
the reference value of the material (575 MPa) in the electrolytically po-
lished condition (Fig. 2, curves A and C).
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Fig. 1: Light micrographs of microstructures
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Fig. 6: S-N curves of shot peened specimens
after 1 h at 500"C (eguiaxed micro-~
structure)

DISCUSSION

Comparing smooth and notched specimens and pleotting for the notched speci-
mens the maximum stress at the root of the notch (04°Ke), the notched spe-
cimens should show a longer fatigue life because the cracks propagate away
from the stress concentration of the notch. The twe S=<N curves should
approach each other if the fatigue strength is dominated by the resistance
against crack nucleation. This behavior was cobserved for the equiaxed, bi-
modal and fine lamellar microstructures in the electrolytically polished
condition (Figs 2 ﬂ). These three microstructures are known to have a high
resistance against crack nucleation (high yield stress) but a low resistance
against crack propagation. The contrary 1s true for the coarse lamellar
microstructure which exhibits a lower resistance against crack nucleation
(low yield stress) but a higher fatigue crack propagation threshold (Peters
et al, 1983). Thus the 107 cycles fatigue styength of smooth specimens was
relatively low (o, = 475 MPa) and the notched fatigue strength was higher
indicating that microcracks were nucleated already but did not or only
glowly propagate (Fig. 5, curves A and C}.
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