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Figure 6 Results of multiaxial ratcheting simulations
Slika 6 Rezultati viseosnih simulacija akumulacije plasticnih deformacija
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5
McDowell's extrapolation algorithm
McDowellov ekstrapolacijski algoritam

Mainly rail steels undergo a decaying rate of strain
accumulation during progressive cycling. Numerical
analysis can be very time-consuming to carry out for a large
number of loading cycles for a structure when such a case of
ratcheting occurs. McDowell [10] developed an algorithm
for extrapolation of cyclic strain accumulation to arbitrarily
high cycles to solve the problem. In general, the value of any
deformation quantity A, in required number of cycles can be
predicted using experimental or numerical data from initial
cycles (practically 20-50 cycles). The decay relation was
proposed
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is the ratcheting rate at N, cycles and & is a material constant.
The parameter R* depends on the mean stress level under
uniaxial loading and it is generally defined as

R =—mn (15)

where 7* is shear stress on the plane of maximum range of
shear stress over the cycle. It should be noted that t*
corresponding to the maximum of absolute value of 7* in
the cycle (because of physically irrelevant sense of shear
stress). Integration of equation (14) leads to a deformation
quantity accumulation of
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Figure 7 Results from extrapolation algorithm
Slika 7 Rezultati ekstrapolacijskih algoritama

for nonzero R*. In equation (16) the parameter A, is the
value of extrapolated quantity at N, cycles. The
extrapolation method described above was used to predict
the axial strain accumulation and to compare it with the
results of numerical simulations. The initial number of
cycles N;=50 and R*=-1 was assumed for all solved cases of
nonproportional loading. Fig. 7 shows the correlation
achieved for the chosen cases. All other cases have similar
good correspondence of extrapolated results and
experimental results. The value of material constant & was
0,41 forall calculations.

6
Conclusions
Zakljucci

The paper shows possibilities of the modified cyclic
plasticity model AbdelKarim-Ohno in modelling uniaxial
ratcheting and multiaxial ratcheting under various load
shapes in tension/torsion combined loading. For this
purpose, experimental data were taken from Chen et al. [8].
The proposed model was implemented into the FEM
software ANSYS and it gave better results than the
Chaboche model included in the SW package for almost all
solved cases. On the other hand, a certain disadvantage of
the new model is the need for more parameter identification
from experimental data. This trend is also clear in other
recent models of cyclic plasticity, for example [8] and [11].
The smooth specimen experiments with the material S45C
[8] reveal a gradual decay of ratcheting rate during
progressive cycling. For such material behaviur the
McDowells extrapolation method can predict strain
accumulation to a higher number of cycles as the previous
section describes. It is clear from the comparison of
extrapolation results and simulation results that ratcheting
parameters of the proposed model should be coupled rather
with an additional state variable pertinent to the number of
cycles than accumulated equivalent plastic strain.
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