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ABSTRACT: This study shows the fatigue behavior of a high strength steel model acted by a fluctuating loading using FEA based
software COMSOL Multiphysics. The low cycle fatigue behavior is predicted using strain based approach in COMSOL Multiphysics.
Then the mechanical properties of CNT’s are determined. These CNT’s are then reinforced in Steel to enhance its properties. Effects
of CNT reinforcement on the fatigue behavior of metal matrix composite predicted.Results shows that effects of CNT reinforcement
in metal matrix on the fatigue behavior are significant.
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Introduction:

The service life calculation of a cyclic loaded component is based on knowledge of the stresses or deformations in critical cross
sections, usually calculated by means of the finite element analysis (FEA). The main parameters influencing the fatigue life are
the external loads and the strength behaviour of the material. Therefore, the appropriate fatigue properties of the material
should be known for such analysis.

Fatigue module in COMSOL

There are following four types of fatigue study present in COMSOL
Stress based

Strain based

Energy based
Cumulative damage based.

RN

Strain-Based Fatigue Models

In the low-cycle fatigue analysis, the plastic strains in each cycle are more significant on macroscopic scale label. These strains
must then be computed, which many times is the main challenge of the analysis. There are two basic methods to handle this:
First one is Full elastoplastic analysis, and Second one is Elastic analysis with an approximation for the plasticity.These two
methods are available for all type models via the Solution type parameter in the Fatigue Model Selection section of the option
for plasticity approximation is only available with elastoplastic analysis.

The most simple method is to do a full elastoplastic analysis and feed the results into the fatigue evaluation. However, this
approach can be computationally expensive because the relevant strain input come from a stabilized cycle. With plasticity, due
to shake-down or ratcheting, for example, it might be so that several cycles must be computed before such a cycle is obtained.
When it is found that the representative of fatigue cycle must calculated in a separate study and FEA to fatigue evaluation.

Elastic Analysis
It is also possible to only use an elastic analysis and then approximate the plastic strains. This technique is computationally

efficient. The underlying assumption is that the plastic strains are localized so that the small plastic region can be considered
to be locally displacement controlled by its elastic surroundings. This is the case at a notch.
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SMITH-WATSON-TOPPER (SWT) MODEL

Smith-Watson-Topper (SWT) is a type of critical plane model where the plane normal to the maximum normal strain range,
Ag,, is considered. The model is described by
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The left-hand side is commonly called the SWT parameter and contains the maximum normal stress during the cycle on the
o, E
critical plane, onmax. The right-hand side contains the reversals to failure, Ny, and material parameters : ,E, b, :
low stresses and strains the fatigue life is limited by a Cycle Cutoff.

.,andc.At

WANG-BROWN MODEL

The “Wang-Brown model” is based on the find out the plane with maximum change in shear strain, Ay. It contains one another
material parameter, S, which shows the sensitivity to the change in normal strain, Aep, on the critical plane. But In reality, S is
not a constant but it has some dependence on the level of load . It is usually of the order 1.0-2.4 for LCF, but it can be as low as
0.3 close to the fatigue limit. The model is described with
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where the right-hand side contains the reversals to failure, Ny, and material parameters ,E,b, ' ,andc.

If the model is used in the HCF regime, it might be necessary to compensate for mean stress effects. This can be done using

Morrow’s mean stress correction. The Basquin term of the equation is then modified so that
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Here 0 mean is the mean normal stress on the maximum shear plane. It is computed as the average of the maximum and
minimum normal stress on the critical plane during the load cycle. At low strains the fatigue life is limited by a Cycle Cutoff.

FATEMI-SOCIE MODEL

The “Fatemi-Socie model” also depend on the same ideas as the Wang-Brown model and also considers a plane with the
largest change in shear strain, Ay Rather than the normal strain, it uses the maximum normal stress during the cycle on the
critical plane, onma, to model in the influence of an opening of the micro crack. In its fundamental form the model is
formulated using the fatigue properties for pure shear, something that could be obtained from a torsion test. The Fatemi-Socie
relation can be written as
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where the right-hand side contains the reversals to failure, N, and material parameters : ,G, b, ' ,and c¢. The normal stress

sensitivity constant, k, can be set to 1 as an initial approximation. In reality, k is not a constant but has some dependence on the
load level. oy is the initial yield stress of the material. At low stresses and strains the fatigue life is limited by a Cycle Cutoff.

Often the true material constants for shear are not available. In that case it is possible to approximate them from results
obtained using tensile tests. This option is available and the conversion is done using the following relations:
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ELASTIC NOTCH APPROXIMATION

Neuber’s rule states that for a notch the product of elastically computed stress and strain is equal to the product of the actual,
inelastic, stress and strain. Strictly speaking, it is defined only in terms of an uniaxial stress state. In practice, the stress states
are often multiaxial, so here Neuber’s rule is expressed with equivalent stresses, 6eg,and strains, €eq. (3-1)

Geq.e ’ F‘eq.e = “eq 'Eeq

In this equation the left-hand side has an “e” denoting the results of an elastic analysis, while the right-hand side contains the
actual values.In strain-based fatigue analysis it is common to assume a Ramberg-0sgood material law when modeling the
cyclic plastic behavior €¢q(3-2).
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where E is the modulus of elasticity. The parameters K and n" are material constants of the cyclic response and not the
monotonic response obtained from a standard tensile test.

Initially, Equation 3-1 and Equation 3-2 are solved together to obtain the elasto-plastic equivalent (in a von Mises sense)
stresses and strains. Hoffmann and Seeger (Ref. 1) have developed an algorithm for approximate computation of the stress
and strain amplitudes in a multiaxial case. By following the Hencky's rule and utilizing the generalized notation of the Hooke's
law they obtained following expression for the total elasto-plastic strains
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where " is the Poisson’s ratio, Y is the effective Poisson’s ratio and o1 and oz are the principal stresses. The third principal
stress is zero. The expression for the equivalent stress is given by
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This provides a set of five unknowns and four equations. As the last equation Hoffmann and Seeger proposed that ratio
between the two principal strain in the elasto-plastic notch region equals the ratio of corresponding principal strains in the
elastic case
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Their work shows that the ratio is almost constant in a notch and justifies the use of this assumption. From the equations
above the solution to the first principal stress and strain is given by
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Numerically, directions of the principal notch stresses are evaluated in following way. The direction of “* is taken as the
4]
direction of the elastic principal stress that is largest in magnitude. The direction of % is taken as the direction of the elastic

L]
principal stress that is smallest in magnitude. The direction of 2 is taken as the direction of the remaining principal elastic

stress.
Strain based approach is used in the reference paper and the material parameters are derived experimentally which I have
used in my model.

PROBLEM STATEMENT
The fatigue properties of high strength steel are presented here. Computational analysis is performed using the local strain-
life approach using COMSOL MULTIPHYSICS, where appropriate material properties for treated high strength steel are used. A

counterweight weight bar made of high strength steel is acted by a fluctuating loading with maximum amplitude 880 and
minimum amplitude of 88kN[11].

bar

Figure-1. Counter weight bar of Steel

F'y
F
Finax=880 kN
>
time

Figure-2 Variable loading acting on counterweight bar.
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In COMSOL for strain based fatigue study Smith-Watson -Topper criterion is used which is,

e & o
ea=%+?p=?f*(2*N)b+sf*(2*N)° ................... 3.1

where E, is the total strain amplitude, E is the modulus of elasticity, o, is the fatigue strength coefficient, b is the fatigue
strength exponent, €, is the fatigue ductility coefficient and c is the fatigue ductility exponent.

The low-cycle fatigue parameters for high strength steel result in:

fatigue strength coefficient: o = 2076 M Pa

fatigue strength exponent: b =-0.0997
fatigue ductility coefficient: &= 9.93

Fatigue ductility exponent: c = -0.978
These are all material parameters which are obtained from plot of strain amplitude (&) versus number of cycles(N).
STEPS -
1. Build the steel model in INVENTOR.
2. Then import it in COMSOL and Assign material to the model.
E= 194889[MPa], Density=7800 kg/mm* 3, Poission’s ratio=0.3

3. Then applied fixed constraint and boundary load as given in problem.
4. Compute study to obtain stress distribution.

so

so

-so

Figure-3 Steel model built in COMSOL
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Figure- 4 Stress distribution in Steel model

© 2018,IRJET | ImpactFactorvalue: 6.171 | 1S09001:2008 Certified Journal | Page 328



International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 05 Issue: 05 | May-2018 www.irjet.net p-ISSN: 2395-0072

For Fatigue study-

STEPS-
1. In add physic select fatigue study and then select strain based fatigue method.
2. Add another study to model.
3. Assign required fatigue model parameters in material-and compute study-2.
4. This gives the number of cycles to failure which is in good agreement of experimental results.

Surface: loglo(ftg.ctf)
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Figure-5 Number of cycles to failure for Steel model

Results & Discussion:
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Figure-6 S-N plot for Steel
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Figure-7 Comparison of S-N plot of (Steel) and (Steel reinforced with CNT) model
Figure 5 shows the number of cycles to failure for Steel model acted by the fluctuating loading shown in figure 2. The number
of cycles to failure when the Steel model which is 24547 cycles.Figure-6 shows the S-N curve of Steel model. So by reinforcing

the CNT the number of cycles to failure increases. But as the number of cycle increase from low to high value (i.e.2 10”4) this
effect is not very significant.

Conclusion-

For low cycle fatigue study the number of cycles to failure obtained by COMSOL Multiphysics are in very good agreement with
experimental results. In this study CNT is used as reinforcement in Steel model to predict its fatigue behaviour..Here same
geometrical model for both Steel and Steel reinforced with CNT’s are used under identical boundary condition and loading
condition to predict their fatigue behaviour.lt was observed that the number of cycles for fatigue failure in case of CNT
reinforced steel is increased in comparison to the number of cycles for fatigue failure in steel model.
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