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Abstract

In this note, the problem of the calibration of the Dang Van multiaxial fatigue criterion is addressed. The discussion is based on uniaxial
fatigue tests performed with different stress ratios. Results show that the usual technique for calibrating the constants of the Dang Van criterion
does not agree with experimental evidence, especially for negative stress ratios. For this reason, a different fatigue failure locus made of two
straight line segments is proposed and typical three-dimensional rolling contact stress histories are analyzed using the traditional and proposed
methods. Results show that the conventional technique does not agree with knowledge coming from shakedown approaches of rolling contact
while the proposed method seems to constitute a more appropriate limit.
© 2005 Elsevier B.V. All rights reserved.
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. cation of the elastic shakedown principles at the mesoscopic
1. Introduction scale, which will be shortly explained in this article. For more

) ) ) ] ] theoretical details, the interested reader is referrétizd 3]
High cycle contact fatigue failure has considerable indus- T Dang Van criterion can be expressed by:

trial relevance for those applications where contact loads ap-

pear, as for example, gears, cams, rolling bearings and rail-tmax(t) + apvon(t) = tw 1)
wheel systems. In particular, rolling contact fatigue (RCF) is
maybe one of the most difficult problems regarding out-of- it in reversed torsiongy(7) the instantaneous hydrostatic

phase multiaxial fatigue because all six components of the component of the stress tensor amgy(7) the instantaneous
stress tensor may arise. In recent years, a high number Ofvalue of the Tresca shear stress. i.e

papers have been dealing with the use of the Dang Van multi- R .

axial criterion for RCF (see, for example, referendesl 1)). Tma(t) = 81(1) — sm () )

The aim of this note is to discuss the suitability of this method 2

to RCF, by verifying its response to several uniaxial tests and evaluated over a symmetrized stress deviator, which is ob-
extrapolating data to three-dimensional contact stress histo-tained by subtracting from the stress deviator:

with apy being a constant to be determineg; the fatigue

ries.
5ij(t) = 0ij(t) — 8ijon(r) 3)
1.1. Dang Van’s fatigue criterion a constant tensof;;m, i.e.,
Before detailing the calibration of the Dang Van locus, an 5ij(1) = 5ij(t) = Sijm 4)

outline of the practical application of this criterion will be  The constant tensaf; m is defined by the relationship:
given. The basis of the following relationships is the appli-

maX{(sij(r) — sij.m)(sij (1) = sijm)]
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The constant tensaf; m may be regarded as the part of the Tmax(t)

stress deviator, which has no influence on the fatigue crack t Torsion Crack initiation
nucleation, and therefore, is eliminated through the mini- 8oy
mization process of E@5). One of the consequences of this ;o Bendng(®=-1)
method is the correct prediction of the absence of any effect "\ / /_ Fagg#fa :;mit
of a mean shear stress upon the torsional fatigue limit. \ /
In Dang Van'’s original proposal, the existence of the con- \ /
stant stress deviatay;,, is justified by the assumption that \\ // o
the stress deviator defined by E4) is the mesoscopic stress \ No crack initiation
deviator, i.e., the stress state found at the grain scale. Close N/
to the fatigue limit, some unfavorably oriented grains may -
still undergo cyclic plasticity, although the macroscopic be- ou(®

haviour appears elastic. For crack nucleation to be avoided,_. . ) . Lo .

) . . Fig. 1. The Dang Van diagram: a scheme of typical calibration with bending
these grains necessarily have to reach an elastic shakedowqyq orsion fatigue test.
state. The presence of the residual stress deviator defined by

Eq. (5) allows fulfillment of this condition. the fatigue locus is then assumed as the straight line tangent to

De_fined at the mesoscopic sc_ale, these residual stresseg,ase two lines, with a constant slope given by the following
are different from those developing as a consequence of expression:

structural elastic shakedown. In this case, the minimization

procedure of E(5) would not be enough and the evaluation _a(w _ 1 @
of residual stresses would require the classical procedures of OV = ow 2
the theory of plasticity.

If the macroscopic stress state exceeded the yield limit, Peridas and Hill§14] have recently pointed out the impor-
because of the assumption of the elastic behaviour of thetance of using more than these two tests. The first aim of their
crystalline aggregate surrounding the unfavorably oriented Proposal is to obtain a more accurate fatigue limit domain. In
grains, the Dang Van criterion would not be applicable, un- fact, as thg limit line is tangent to the paths corresponding to
less the material shakes down to the elastic state also at thé?Uré bending and torsion tests, which are close to each other,
macroscopic level. For this reason, Dang Van criterion can Small errors may have a profound effect on the slope of the

be applied to some rolling contact fatigue problems, provided locus Iine_. The seqond and maybg more important aim of their
that the contact conditions allow for the elastic shakedown of Proposalisto confirm, on the basis of amore extended amount

the material subjected to contact stresses. of data coming from experiments, the suitability of the Dang
Going back to Eq(1) because of the symmetrization of Van crite_rion to repr_oduc_e simple experimental cases.
the stress deviator, the terrmax(r) alone cannot account for On this context, in this work, the Dang Van criterion is

the effect of normal stresses upon the fatigue limit. For this ©Sted with a new data set coming from uniaxial experiments
reason, the effect of a mean normal stress upon fatigue limitsPerformed at different stress ratios and the results are inter-
in bending and torsion is taken into account by introducing pretedinterms qffatiguefailure predictions for typical rolling
into Eq.(1) the termupy o (7). This term represents the effect  contact stress histories.
of the hydrostatic stress on crack nucleation and it can also be
demonstrated that macroscopic and mesoscopic hydrostatic
stresses are the saffi€]. 2. Calibration of Dang Van fatigue failure locus with

If residual stresses are superimposed on the appliedSmooth specimens
stresses, the termmax(f) is not altered because of the min- ) ) o ) )
imization process of Eq(5). However, the termpyon(?) In this section, the calibration of Dang Van fatigue failure
is modified by the presence of residual stresses through thdocus will be performed using smooth specimens. In a pre-

fore, Eq.(1) becomes: different stress ratios, either on smooth and notched speci-
mens. The material was a quenched and tempered steel with
Tmax(t) + apv[on(t) + otred = Tw (6) an ultimate tensile strength of 1350 MPa, and 0.6% elonga-

tion at fracture. In this work, we will focus only on the results
The ConstantlDV appearing in the expression of the Dang obtained with smooth SpeCimeI”TSib|e 1summarises these
Van criterion is usually calibrated with two fatigue tests, pure results. It can be observed that the values of the stress am-
bending (or tension—compression) and pure tor$ignin
the space constituted by the symmetrized sheasd and Table 1 , o
the hydrostatic stress ), reversed torsion and alternating Summaty of normalised (1, ¢=1) fatigue limito/oqr=—1
bending are represented by a vertical line segment and a V-Stressratiok) -2 -1 0.1 0.3
shape curve, respectively. As shown schematicalfyidn 1, Normalised fatigue fimit ! ! 0.76 0.68
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