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on various types of carbon steels (Wohlfahrt, 1981} it was copcluded that
the effect of residval stresses on the fatigue limit of steels was only
pronounced for medium and higher strength conditions (HV 2 330) whereas
for soft conditions (HV £ 2350) the strengthening of the surface layexr (in-
crease in dislocation density) played the dominant role in improving the
fatigue limit. Previous reseaxch on Ti-681-4V {(Wagner et al, 1981}, in
which the influence of each of the main parameters (dislecation density,
residual stresses, and surface roughness) was studied separe ly, showed
that the fatigue behavior after shot peening was primarily determined Dy
residual stresses.

EXPERIMENTAL PROCEDURE

The shot peening procedure uged for the Ti~-6Al-4V alloy was described In
detail elsewhere (Wagner et al, 1981). A certain peening treatment {peening
pressure: 4 bars, @xposure time: 4 min) which resulted in the most marked
nent. in fatigue 1life in an aggres

szen Lo study the
microstructures of the Ti-6AL-4V allioy. The microstruct
the Ti-6A1-4V alloy used in this study were described elsewhere {(Wagner el al,
1984) . Fatigue tests (R = -1} were performed in push~pull loading on hour-
glass shaped specimens {dimmeter: 2 mm! in vacuum and 3,5 % NaCl solution ancd
on rotating-beam specimens (diameter: 346 mm} in laboratery air. As the fati-
gue limit the fatigue strength after 10° cycles was measured.

ive envivonmant (Wagner et al, 1984)
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BXPERIMENTAL RESULTS

for the push-pull fatigus tests of the Tine egus
in Th-dirvection a drastic loss in fatigue sty
pared to the electrolytically pelished conditien was observed in vacuum
(¥ig. 1). Due to shot peening the fatigue limit was lowered from B75 MPa
(electrolytically polished condition) to less than 700 MPa. From the S-M
curve it can be seen that shot peening decreased the fatigue life in parti-
ular at lower stress amplitudes. At higher stre

axed microstructure tested
wgth after shot peening com-

;s amplitudes there was an
sual increase of fatigue life of shot peened specimens tested in vacuum.
Fer the tests in vacuum the fatigue cracks of the shot peened specimens were
always nucleated in the specimen interior independent of stress amplitude
(Fig. 2). At low sty amnpli { L 800 MPa) a constant depth of fa-
crack nucleation site imen surface of about 175 um was
950 MPFa the maximum de
um was found.
the fatigue tests in 3.5 % NaCl solution a marked improvement of fatigue
due to shot peening was found at high stre
fatigus Limit was not increased. For the t
ress amplibtude g 800 MPa the fatigue
the surface and at ¢z < 800 MPa in t
as it was found for the vacuun lLes
Duite d

h of fa-

tigue crack nucleation site of about

amplit
in 3.5 %
ack nucleation took plac

whareas the
solution at

ior at a depth of about 17

ferent results were obtained when the tests for the same micro-
were performed in RD-direction (Fig. 3). For this testing direc-
ght increase in fatigue limit in vacuum as well as in WaCl
solution was measured after shot peening. The fatigue cracks of the shot
peened specimens nucleated at the surface for tests in vacuum (Fig. 41, On
the contrary, shot peened specimens tested in 3.5 % NaCl solution exhibited
internal fatigue crack nucleation at stress ampilitudes op § BOO Mpa [¥ig. 43
5 at 0y » 800 MPa surface crack nucleation took place similar as it
sund for the tests in Th-direction.
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In addition to the eguiaxed microstructures the effect of shot peening on
the fatigue limit in push-pull loading in vacuum was also studied on a
coarse lamellar microstructure (Fig. 5). It can be seen that similar to
the equiaxed microstructure tested in Th-direction (compare Fig with
Fig. 1)} a proncunced decrease in fatigue limit from 550 MPa to le
400 MPa was found for the shot peened conditicn. Fer the
microstructure no increase of fatigue life of shot peened
at high stress amplitudes was found. The fatigue crach shot peened
condition always nucieated in the speclmen interiocr similar to the
micros sated in TB-direction. ror the coarse lamellar micros
ture no change in depth of crack nuclea ite below the surface was ob-
served at high stre amplitudes [Fig
In cerder to study the effect of a stre gradient. yotating-beam fatligue
tests were performed in laboratory r. It is well known that for the
Ti~6Al-4V alloy laboratory air is already a gquite “Ggressive environment
almost comparable to 3.5 % NaCl selution (Peters et al, 1980). In Fig. 7
the sgtre bution {(appl
tically for both push-pull and rotating-beam specimens. 1t can be seen that
the stress applitude in the critical regic q
the specimens interior is reduced. The re
rhe eguiaxed microstructure tested in Th- andg
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For the finme eguiaxed microstructure tested in RD-direction {(Fig. 3) an in-
poin fatigue limit in vacuoun after shot peening compared to the slectro-

1lly polished condition was found. As cazn be seen from the mz

the fatigue cracks in the shot peened specimens ¢

1 surfs

crographs

in va

>, Probably due to an zarly decay of the residuoal -
s during fatigue testing at these high resses amplituad
-850 MPa no internal Eatigue cra nucleation took place. The
fatigue limi Lafter %hot'veeninq was found becauss fatigue
cracks at the surface w hindered ‘to propagate by residual compressive
resses in the surfe lay@r. :
on the other hand for vests in aiptaggressive environment, wh were done at
lower gtrass amplitudes (Piyg..3), shot peered specimens exhibited internal
igue crack nucleationm(*lq‘ 4} similar as it was found for t s in TD-
direction. Although no shot peened specimens were tested at lower stre an=
plitudes in vacuum, it is chbvious from the internal crack nucleation of the
shot peened specimens tssted in 3.5 % golution that the fatigue limit
in vacuum should again approach the 11 in 3.% % NaCl solution asg
was the case for th T QJIQLLlDD. The Ye&vlns obtzined on the egquiaxed mi-
crostructure tested in RR-dire that a shot peened mataerial with
pronounced cyclic softening c axhibit two dszeren; "fati limits"” in
vacuum (Fig. 2}, The upper "apparent" fatigue limit was found béca Lgue

cracks at e hindered to propagate by residual compressive

cs in the syer . AL sse high stress amplitudes internal fa-
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For the eguiaxed microstructure tested in RD-direction ({Fig. 8) the stress
gradient and the low cyclic stability of the residual stresses inhibited

internal crack nucleation of the shot peened specimens (Fig. 9). Similar
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51ight increase in fatigue limit of shot peened
p-direction in rotating-beam loading} can be explained by
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