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FATIGUE LINMIT DETERMINATION BASED ON THE YIELD STRESS
AND RESIDUAL STRESSES IN THE METAL SURFACE LAYER

A,V,Prokopenko*

There is an optimum depth for the residuel stress lo-
cation, which ensures the maximum fatigue limit. The
optimum residuel stress diegram is obtained empirical-
ly.

However, the shape of the optimum residual stress
diagrem can be calculated based_  of the metals fatigue
fracture model for high-cycle loading presented below,
which tekes into account the state of the surface lay-
er., There are locel volumes in this layer with a lower
yield stress, where a fatigue crack initiates when the
amplitude of the applied variable stress exceeds the
local yield stress. The crack growth rate in the sur-
face layer depends on the local plastic strain and
stress intensity factor renges at a certein depth. The
crack initiated on the surface gets arrested in the
deeper layers where the reversed deformation is absent
and the stress intensity factor is below the threshold
one AWKy, for a large crack. Here the following assum-
ptions are mede: the stress-strain diagrams for all the
layers of the material are close to an ideal elasto-
plastic one; cyclic loading does not cause changes in
the stress-strain diagrams. For titanium alloys and
high-strength steels the hysteresis loop is absent at
the fatigue 1limit and the surface layer experimental
characteristics do not change after cyclic loading in
a low-amplitude region. The AKth velue for long
crecks is most commonly independent of the yield stress

in some cases it increaseg with a decrease in(SY,
and 1t never decreases. The AKipvalue is assumed to
be constant in the surface layer where CS'Y decreases

The depth of the nonpropegating fatigue crack and
the fatigue limit of the VT9 alloy with residual stres-
ses differring in magnitude and_in the depth of loca-
tion were calculated from the CSY-dﬂ dependence deter-
mined by the indentation method (where H  is the
distance from the surface) and from AKgyrR( R is the
stress retio in & cycle) with the account teken of the
model assumptions ( Goz = 1050 .iPa, Gy = 1150 liPa,

E=10%, Y =30%). In the Figure the BAB,C line
indicates the depth of the nonpropegating fatigue
creck H corresponding to the fatigue limit if residu-
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al stress to the right of this line decrcases. A cor-
responding velue of the fatigue limit is described by
the DA.E line and is obtained when the latter inter-
sects %he horizontal line from the point of the resi-
dual stiress diagram intersection with the BAB,CB. line.
In the CB,A region of the BAB,C line the fatigue“limit
is found ﬂy solving the syste& of equations G = {£(H) ,
Ga=F(H,R,aKtw). In the AB region the fatigue limit
is not determined by the properties of the surface lay-
er, since the residual stresses are high and lay deeper
than the anomalous region. The sum of the extreme
stress in a cycle and the residual sitress exceeds the
macroscopic yield stress in the core of the specimen
inducing the reverse plastic deformetion and crack ex-
tension., The A,E line represents the difference bet-
ween the value of the macroscopic yield stress vy and
the magnitude of the residual stress on the AA. line.
This line sets a limit on the depth of the non ropage-
ting fatigue crack in the case when fatigue limit is
determined as the Gy -G, difference, i.e. beyond the
boundaries of the surface layer,

Lines 1...5 in the Figure represent the residual
stress diesgrems in a surface layer of VT9 Ti-alloy spe=-
cimens after different surface treatment and the cor-
responding calculated fatigue limits (crosses on the
DALE line). These values are in fair agreement with
the. experimental fatigue limits (dots) From the dets
of Tseitlin (1),

The evaluation of the plastic zone size Iy ahead
of the crack of length in excess of 0.012 mm et the fa-
tigue 1limit revealed the Iy to the crack length ratio
to be not less then 0,16...0.2 for the material of such
& high strength as the VT9 alloy wnich sllows the LETH
criteria to be used in celculations.

A tendency for an increese in the depth of the non-
propagating cracks with G, is supported by microsco-~
pic studies of pre-fatigued specimens.

There is enother important aspect associated with a
surface treatment of the components. Ais is seen in the
Figure the depth of a nonprovageting fatigue crack
grows with an increase in the fatigue limit caused by
residuel compressive stresses (B,AB line). Such crack
does not extend deep into the co}e if residual stresses
arrest it. Yet they relex in service at the elevated
temperature., If a surfece-treeted component is loeded
with cyclic stresses of considersble megnitude for a

short time, ngnnropa%ating surface fatigue crecks ap-
pear in it which, affer reésidual stress relaxation,
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extend deep into the component and cause its failure.
The fatigue limit of the component decreases,lLine F in
the Figure represents the fatigue limit after the resi-
dual stress relaxetion if before the relaxation the com-
ponent was loaded at the level of the fatigue limit de-
termined by the DALE line, The determined role of re=-
sidual stresses in the fetigue limit reduction for com-
ponents operating at elevated temperature can be a key
for discovering the reasons for fatigue frecture of
components,
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Figure Residual stress diagrams Op (1...5), nonpropa-
gating fatigue crack depth H and fatigue limit for
the VT9 alloy specimens: (1) turning; (2) hardening by
microballs; (3) pneumatic shot-blasting and vibropoli-
shing; (4,5) hydro-shot blasting (experimental data
from ref,(1)).



