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Abstract- Fatigue analysis emphasizes on the cyclic behavior of a material and this often leads to crack
initiation and propagation. In this research, the stress life method is being used to calculate the minimum
fatigue life of different structure in Aluminum 6061 T6 material by Finite Element Modeling, also von mises
stress is calculated. Furthermore, a bike crank arm design is used to validate the simulation process of
fatigue calculation for uniaxial loading. Where the stress distribution throughout the body of a bike crank
arm indicates the scopes of improvement in the design. By applying the theory for minimizing stress, few
case studies are done based on different design modifications. In conclusion, one of the case studies, the
result is found that minimum fatigue life increases 10.89 times than the one which is being used for
validation and the same design is currently used in the industry.
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1. INTRODUCTION

When it is subjected to repeated loading, a structure can
fail below its monotonic strength, this is known as
fatigue. Early in the 19th century, mysterious properties
were shown, where fatigue fracture did not show visible
plastic deformation. With higher amplitudes of loading, a
structure may fail with a lower number of cycle and the
same structure also can fail with a higher number of cycle
with lower amplitudes of loading. There are three
different methods to evaluate fatigue life, these are, stress
life method, strain life method and using the Linear
Elastic Fracture Mechanics method [1,3]. From the
mentioned three methods, the stress life method will be
used which is suitable for High Cycle Fatigue and is
highly used in industries. (Generally, the point in
material curve where slope suddenly falls) [2]. Uniaxial
load is the force that acts in a single direction only. In this
type of loading, the cross-sectional area faces a tensile
stress and strain. On the other hand, in multiaxial
loading, force acts in different directions Crank arm
transfers the force exerted from one component to
another, so there remains a possibility to visualize crack
the crank arm. In motorcycles, a crank arm balance the
vehicle while in motion. The failure in this component
will result in @ massive accident. The cracks initiate from
cyclic loading or varying loads, which never causes
failure with single-cycle [1, 4, and 5]. This process
consists of different phases, creation of crack, extension
of crack and finally fracture. In this research, minimum
fatigue life estimation of motorcycle crank arm will be

done, and different geometry will be proposed which will
show a better minimum fatigue life. In this research,
Aluminum

6061 — T6 material will be used. This material is used in
the industrial crank arm [1].

2. VERIFICATION

In paper number [1] at the reference, a simulated study
on bicycle crank was done by Solidworks. So, the
attempt is made to simulate the same uniaxial test using
Ansys. The same model in the reference paper is used for
verification, there was some missing data for geometry,
and those data were assumed. The specimen dimensions
are given below.

2.1 Material Properties:

The material used for this simulation is Aluminum 6061
— T6. All the materials properties and SN Curve data is
being represented into the following four figures:
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Fig. 1: Material properties used for simulation

Boundary conditions were also maintained as the
reference paper. 5 points were taken as fixed support and
1556.8 N bearing loads were used in the negative
z-direction.

2.3 Verification Results
Maximum Equivalent von misses stress obtained is
138.69MPa.

Minimum life found from this geometry is 17865 cycles
and fully reversed loading

Fig. 4: Bike Crank Arm (Fatigue Life Estimation)

2.4 Validation

Parameters Solidworks Ansys

Maximum 106.61 138.69

Stress(MPa)

Minimum Life 69158 17865
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Fig. 2 (a) SN Curve Data for Al 6061 T6 (b) SN Curve
for the same material

2.2 Meshing & Boundary Conditions:

The mesh element size was 0.307107 inches this number
is given in the paper, and 8895 elements were found from
the geometry.

There was some difference obtained from two results.
The possible reasons for this difference are given below:

1. One dimension at the geometry is being
assumed because of the lack of data.

2. Two different Finite Element Modelers are
being used. That is why two different element
numbers are being found for the same element
size.

Because of these above-mentioned reasons, two different
results were being obtained. Though the result found is
accurate. Because similar data can be obtained from the
same SN Curve.

So we can validate the software for Uni-Axial Cyclic
loading fatigue analysis

3. CASE STUDY
3.1 Introduction: The model used for validation
purposes is an industry-standard bicycle crankcase. Here,
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some different geometry is proposed where better fatigue
life can be obtained. Different modeled geometry is
discussed in the following sections,
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Fig. 5: Geometry Dimension (a) CS1 (b) CS2 (c¢) CS3 (d)
CS4 (e) CS5 () CS6

CS-1. The step in the crankcase is being removed.

CS-2. The crankcase cross-section is changed to a
circular cross-section.

CS-3. The width of the part where load is applied is being
increased to 1.70 inches.

CS-4. The curve angle is being reduced.

CS-5. Material volume is increased on one side of the
step where minimum fatigue life was found.

CS-6 Material volume is increased on both sides of the
step where minimum fatigue life was found.

3.2 Stress Results: Stress distribution results
obtained from the case studies is given below

(b)
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Fig. 6: Static Analysis Result for different case studies
(a) CS1 (b) CS2 (c) CS3 (d) CS4 (e) CS5 (f) CS6

3.3 Fatigue Life Results: Fatigue life results
obtained from the case studies is given below

Fig.7: Fatigue Life Estimation for different case studies
(a) CS1 (b) CS2 (c) CS3 (d) CS4 (e) CS5 (f) CS6

4. Result
4.1 Result Overview
Observation Maximum Minimum
Number Stress( MPA) Fatigue Life
Geometry 138.69 17865
obtained  from
reference
CS-1 135.61 19809
CS-2 136.33 19333
CS-3 116.24 43591
CS-4 114.65 46525
CS-5 91.40 159750
CS-6 88.00 194580

4.2 Result Discussion

Here it is found that every design discussed and
simulated in this case study shows better results in
minimum fatigue life. If all the design geometries are
combined with one single geometry, it could show better
results.
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5. Conclusion

A verification of software has been made through Ansys.
The result was satisfactory. The model is being used in
the industry now. So several changes have been made to
the neck area and fatigue life estimation simulation has
been performed. Where satisfactory results have been
found. In six different case studies, decreased maximum
equivalent stress and minimum fatigue life has been
found. The maximum result was 10.89 times from the
geometry which is used in industry. Now the proposal is
to combine all these case studies for a unique geometry to
get a better result. As well as, better results can be found
by replacing materials that have a higher slope in the SN
curve.
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