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1- Introduction

Mechanical components are susceptible to microcracks
under cyclic fatigue loading. Estimating the life of crack
initiation is very important for the maintenance period.
Investigating cyclic fatigue failure shows that this
phenomenon begins with the occurrence of microcracks
and their growth under the influence of cyclic stress.

One of the most important challenges in fatigue analysis
is the "life estimation" of components because the damage
in high-cycle fatigue occurs at much lower stresses than
yielding stress. Moreover, on a microscopic scale, the
nucleation of microcracks occurs in the defects and
dislocations of the material, and even when the damage is
growing, no sign of failure is observed. By examining the
presented fatigue models, it can be said that one of the
most efficient methods for evaluating fatigue damage is
using the continuum damage mechanics method. By using
this method, in addition to obtaining the damage and
evaluating the life of the specimen under fatigue loading,
it is possible to consider the effect of loading history and
loading sequence in cases where fatigue loading with
variable amplitude is applied. In high-cycle fatigue, most
of the mechanical energy is converted into heat, and the
internal energy created in the material under fatigue
loading can be ignored. To extract heat-dissipated energy,
it is enough to obtain mechanical energy.

2- Finite Element Analysis

The model used in this study is based on Eq. (15), where
sequence and loading history are considered two effective
features in the fatigue damage model.
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In addition, the amount of damage in the (i-1)th loading
block will be according to Eg. (16).
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Eg. (15) shows the damage rc . ¢ to lo din blocks
with variable amplitude, where E. :ers t 1 critical
heat lo it the time of failure, d; and d;_, are the
dissipat  :1ergy perfa gue /cle inloading block (i) and
(i-1)th, An; indicates tF " er of cycles passed 1 the

)th loading block, n;_;. represents the equi :lent

her of cycles before the (i)th loading block, and D; and
D;_, respectively, the damage at the end is the (i)th and (i-
1)th loading blocks. Based on these two equations, to
obtain the damage at the end of the (i)th loading block, it
is sufficient to consider the loading amplitude of the block
before i1 is equal to the loading amplitude of the (i)th
loading | < and the number of cycles equivalent to the
damage D;_;. Using Eq. (16), the number of equivalent
cycles can be obtained according to Eq. (17).
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According to Fig 5., to analyze stress and strain, and
extract the heat dissipated energy in each cycle, the UMAT
subroutine has been used. In this subroutine, in each time
increment, the Jacobian matrix is obtained based on the
material's properties and then, stress, strain, strain energy
density, and damage parameters are retrieved according to
Eqg. (15) at each integration point. After the time increment
reaches the end of the step, first, the modulus of elasticity
is modified and the processes of the previous time step are
repeated and updated. It is not possible to create an
unlimited number of steps. Therefore, the cyclic jump
technique has been used in this article, and the strain
energy created after that cycle number will be obtained by
multiplying each cycle jump by the strain energy density
at the end of each step  urthermore, the UMATHT
subroutine is used to ot 1 the temperature at each
integration point, so that Aw, obtained from the UMAT
subroutine is considered the volumetric energy produced
in the heat diffusion equation.
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Fig 5. Algorithm of analysis

3- Results

As mentioned, the introduced model can predict the
variable amplitudes of fatigue life. According to Table 4,
assuming that the number of cycles is constant in the
amplitude of 220 MPa, the results show that the life
decreases with the increase of the amplitude from 190 to
210 MPa in the second loading block.

Table 4. Number of cycles in each block in
variable amplitude fatigue loading

Aoy Ao, Any An,
(MPa) (MPa) (Cycle) (Cycle)
220 190 2x10° 5.2 x 105
220 200 2x10° 2.8 x10°
220 210 2x10° 1.8 x 10°

One of the features of this model is to consider the
history of loading. In Table 5, the places of the first and
second loading blocks have been changed and it is
assumed that the number of cycles in the first loading
block is according to the fourth column of Table 4. As
shown in Table 5, the number of cycles spent in the second
loading block with an amplitude of 220 MPa is the same
for different fatigue loading amplitudes. Table 6 shows that
the damage caused at the end of the second loading block
changes by shifting the loading blocks, indicating the
sensitivity of the introduced damage model to the history
and sequence of loading. Moreover, the results show that
if the loading block with a higher amplitude is applied first
followed by the loading block with a lower amplitude, the
caused damage will be less compared to the opposite case.

Table 5. Number of cycles in each block in variable
amplitude fatigue loading

Aoy Ao, An, An,
(MPa) (MPa) (Cycle) (Cycle)
190 220 5.2 x 10° 1.83 x 10°
200 220 2.8 x 10° 1.83 x 10°
210 220 1.8 x 10° 1.83 x 10°

Table 6. Number of cycles in each block in variable

amplitude fatigue loading
(MAP(Z;) (MAP?) (céclllé) (cﬁcrllé) Damage
220 200 | 2x 105 | 2x10° | 1.51x 107!
200 220 | 2x 105 | 2x 105 | 2.61x 107!
220 190 | 2x10° | 2x10° | 8.23x 1072
190 220 | 2x 105 | 2x10° | 1.56x 107!
220 210 | 1x 105 | 1x10° | 5.90x 1072
210 220 | 1x105 | 1x10° | 6.55x 1072

4- Conclusion

In this article, the life of metals under fatigue loading with
variable amplitude was investigated. For this purpose, the
continuum damage mechanics method is used to model the
damage parameter, in which the amount of dissipated
energy in each cycle per volume is known as the damage
index. According to Table 4, assuming that the number of
cycles is constant in the amplitude of 220 MPa, the results
show that the life decreases with the increase of the
amplitude from 190 to 210 MPa in the second loading
block. Table 6 demonstrates that the damage caused at the
end of the second loading block changes by shifting the
loading blocks, which shows the sensitivity of the
introduced damage model to the history and sequence of
loading. Furthermore, the results showed that if the loading
block with a higher amplitude is applied first and then, the
loading block with a lower amplitude is applied, less
damage will be caused than in the opposite case.
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Prediction of High Cycle Fatigue Life with Variable Loading Amplitude using Thermography
Method

Mahmoud Shariati Mohammad Keshtgar Khalil Farhangdoust

Abstract In this article, the life of metals under fatigue loading with variable amplitude has been investigated. For this
purpose, the continuum damage mechanics method is used to model the damage parameter, in which the amount of
dissipated energy in each cycle per volume is known as the damage index. The damage model introduced in this article
has the ability to be used in problems with variable amplitude, therefore, in this study, a specimen of Q235 steel was
simulated in Abaqus software and from two subroutines UMAT and UMATHT to simultaneously extract dissipated energy
in Each cycle and its corresponding temperature were used. In order to investigate the fatigue life under variable
amplitude loading, Two blocks with different amplitudes have been considered. Different types have been considered for
these two blocks, and their results show that the introduced damage model has a high sensitivity to the loading history
and sequence; Also, there is a good agreement between the results of this research and the experimental results.

Key Words High cycle fatigue, Continuum damage mechanic, Damage index, Dissipated energy in each cycle.
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