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Abstract: The topic of this paper is the analysis of the stress states and 

material fatigue on the example of a bicycle pedal. The bicycle pedal was 

made of unnotched 6061-T6 aluminum alloy and the data used in the 

analysis were created using the S/N curve for a given material. In the 

SolidWorks Simulation and Ansys software, a static load was applied on 

the pedal and Von Mises stresses and locations with the highest deformation 

were obtained. After that, a numerical analysis of material fatigue was 

created and the results for three parameters were obtained. Those 

parameters are damage, life and load factor. These numerical simulations 

represented a stress cycle with an alternating stress above the endurance 

limit and show a measurable permanent damage in few locations. 

 Introduction  
This paper is a classic example of the application of 

numerical simulations in the testing of a machine part, in 

this case the bicycle pedal. As is known, numerical 

simulations are increasingly used in the testing of 

machine parts subjected to different loads. On the 

example of a bicycle pedal, a numerical simulation of 

fatigue and the number of cycles that the pedal can 

withstand before entering the plastic area, i.e., the area of 

permanent deformation, was performed. 

First, it was necessary to create a credible CAD model of 

the bicycle pedal. The sizing and shape of the CAD 

model is done on the basis of the European standard EN 

14764. The subject of this standard are city and 

recreational bicycles. The tests covered by this standard 

are designed to ensure the strength and durability of both 

individual parts and the bicycle as a whole, requiring 

consideration of safety aspects and high quality 

throughout the product development process. The fourth 

chapter of EN 14764 covers the requirements that are set 

for all parts of a bicycle and describes the methods for 

testing them [1]. The test methods are grouped according 

to a certain principle, and the recommendations for 

testing the bicycle pedal are included in the methods for 

testing the pedals and the drive system of this standard. 

After creating the CAD model of the bicycle pedal, and 

before the numerical testing procedure, it was necessary 

to define the standard material and its characteristics that 

are necessary to know in the simulation procedure. In the 

numerical simulation of material fatigue, it is necessary 

to enter the main characteristics of the material as well as 

the values of stress and cycles of the S/N curve for a 

particular material, which is done. 

Numerical simulations of material fatigue were 

performed in two different commercial software, 

SolidWorks and Ansys. The aim was to show possible 

deviations of individual parameters of interest, that are 

life and safety (load) factor and the results of conducted 

numerical simulations in both software. 

 Fatigue properties and S/N curve 
Fatigue properties of materials are often described using 

the fatigue limit or the S-N curve (fatigue curve, Wöhler 

curve). The S-N curve describes the relation between 

cyclic stress amplitude and number of cycles to failure. 

The figure 1 below shows a S-N curve of 6061-T6 

aluminium alloy material which is used for fatigue 

analysis in this paper [2]. This material was used because 

it is recommended by Military handbook - metallic 

materials and elements for aerospace vehicle structures 

which is standardized for bicycle pedals. On the 

horizontal axis the number of cycles to failure is given on 

logarithmic scale. On the vertical axis (either linear or 

logarithmic) the stress amplitude (sometimes the 

maximum stress) of the cycle is given.
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Figure 1. Best-fit S/N curves for unnotched 6061-T6 aluminum alloy, various wrought products, longitudinal direction [2] 
 

S-N curves are derived from fatigue tests. Tests are 

performed by applying a cyclic stress with constant 

amplitude on specimens until failure of the specimen. In 

some cases, the test is stopped after a very large number 

of cycles (N>10^6). The results are then interpreted as 

infinite life. In this case, all numerical simulations were 

performed for 10^6 number of cycles, as it is 

recommended in the above-mentioned European 

standard. 

Fatigue curves are often given for KT=1 (unnotched 

specimens) and in the particular case, KT is also 1. Those 

curves describe the fatigue properties of a material. 

 

 CAD model for numerical simulations 
As mentioned earlier, all parameters and dimensions of 

the model used in the numerical simulations were taken 

on the basis of the European standard. When creating the 

CAD model used for numerical simulations in both 

software, it was important to create the surfaces of 

importance and define the main basic dimensions of the 

model. A credible model of a bicycle pedal has been 

created, the shape of which corresponds to standard 

pedals, which has curves and places intended for stress 

reduction (Figure 2). 

 

 
Figure 2. Basic dimension and CAD model of bicycle pedal 

 

The CAD model consists of two parts, a support and a 

shaft at the end of which a force is applied [3]. The force 

of the foot is applied on the middle of the support on the 

foot pedal. The force F, acting on the support, consists of 

two components, Fy and Fz:  

Fy=1000N * cos(7,5°) 

Fz=1000N * cos(7,5°) 

Boundary conditions for both software are the same. 

When defining boundary conditions, as a precondition 

for creating a mathematical model, the supports and 

connections on the model itself are determined. There are 

two types of supports, fixed and cylindrical support. 

Cylindrical support was defined on cylindrical face, with 

no radial movement. The carrier and the shaft to which 
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the force is applied are connected with bonded 

connection (Figure 3). 

 
Figure 3. Boundary conditions for mathematical model 

After creating of CAD model and boundary conditions 

for mathematical model, numerical simulations were 

performed. 

 Numerical simulation in SolidWorks 
When creating a mathematical model, before conducting 

the simulation, it is important to define the material of the 

part we are examining. As mentioned earlier, the material 

of the bicycle pedal is 6061-T6 aluminium alloy. The 

characteristics of its S/N curve and the specific numerical 

values of the stress and the number of cycles are entered 

in a table in the material properties dialog box.  

Parameters like elastic modulus, Poisson’s ratio, shear 

modulus, mass density, tensile strength etc., were defined 

(Figure 4) [4].
 

 
Figure 4. Defining material parameters and mesh parameters in SolidWorks 

 

The next step is to create a mesh. For a specific 

simulation, SolidWorks has created an automatic mesh of 

the finest quality. Some parameters were manually 

corrected (Figure 5). The size of the basic elements is 4 

mm. The sizes of the elements are specially defined in 

two characteristic places, namely at the transition 

between the shaft and the support, the size of 1 mm, and 

on the cylindrical surfaces of the pedal and the cylinder 

joint, the size of 2 mm (Figure 5). 

Figure 5. Meshed model in SolidWorks 

Curvature-based method of mesh creation was used in 

SolidWorks, and default options of 8 elements in the 

circle and 1,6 ratio of element growth were applied. A 

tetrahedral mesh of 167167 nodes and 107501 elements 

was created. 

 Numerical simulation in Ansys 
An automatic mesh has been created in the Ansys 

software, by an automatic mesh has been created in the 

Ansys software, by default. The shape of the elements is 

automatically selected. Element order is quadratic, 

element size is 4 mm, like in SolidWorks software. 

Resolution is default, transition is slow and smoothing is 

medium (Figure 6) [5].  

The mesh is combination of tetra, hex and wedge 

elements (TET10, HEX20 i WED15). 193206 nodes and 

128877 elements were created (Figure 7).  
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Figure 6. Defining material parameters and mesh parameters in Ansys 

 

 
 

Figure 7. Meshed model in Ansys 

 

 

 Simulation results 
Three characteristic faces (face A, B and C) and three 

points (1, 2 and 3) were determined on the CAD model, 

and results of performed simulations in both software 

were compared in these six characteristic parameters 

(Figure 8).  On these surfaces, only maximum and 

minimum values were showed [6].  

In both software, classical static stress analyses were 

performed, where the results of Von Mises stresses were 

obtained. Conducted static analyses are a prerequisite for 

numerical simulation of material fatigue. In both 

simulations, as mentioned in the introduction, results 

were obtained for three factors: life, damage and safety 

(load) factor. 

 

 
Figure 8. Characteristic faces and points on the CAD model 
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By SolidWorks definition, parameters of interest are: 

 Life - Available only when the fatigue study is 

defined with one event. Shows the number of cycles 

(for constant amplitude event studies) or the number 

of blocks (for variable amplitude studies) that cause 

fatigue failure at each location. The plot is based on 

SN curves and the alternating stress at each location. 

A block is the full load history of a variable amplitude 

event (including the number of repeats). 

 Load factor - Available only when the fatigue study 

is defined with one event. Shows the load factor of 

safety for fatigue failure at each location. A load 

factor of safety of 3.5 at a location indicates that the 

defined fatigue event will cause fatigue failure at this 

location if you multiply all loads defined for the static 

study by 3.5. 

 

 
Figure 9. Results for life (a), load factor (b)  

and damage (c) in SolidWorks 

After the simulations were performed, results for these 

three parameters were visualized (Figure 9). 

By Ansys definition, three parameters of interest are: 

 Life - This result contour plot shows the available life 

for the given fatigue analysis. If loading is of constant 

amplitude, this represents the number of cycles until 

the part will fail due to fatigue. If loading is non-

constant, this represents the number of loading blocks 

until failure. Thus, if the given load history represents 

one month of loading and the life was found to be 120, 

the expected model life would be 120 months. In a 

constant amplitude analysis, if the alternating stress is 

lower than the lowest alternating stress defined in the 

S-N curve, the life at that point will be used. 

 

 

 

 
Figure 10. Results for life (a), load factor (b) and 

damage (c) in Ansys 
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 Safety factor - This result is a contour plot of the 

factor of safety (FS) with respect to a fatigue failure 

at a given design life. The maximum FS reported is 

15. 

These are the steps at each node to calculate Safety 

Factor: 

1. Calculate the alternating and mean stress tensor. 

2. Collapse alternating and mean stress from tensor to 

scalar using selected stress component. 

3. Calculate Safety Factor from the mean stress equation 

using Seqv as queried from the SN curve for the 

design life. 

 

Life and damage parameters are the same by definitions, 

and load and safety factors are different by definition, but 

we can assume that those two parameters are very 

similar, and those results are also showed in table 1, [7]. 

 

Table 1. Results of performed simulations in both software 

 
VonMises stress / Mpa Life cycles Safety (load) factor 

Ansys SW Ansys SW Ansys SW 

Face A 210,38 251,23 8,48E+06 1,42E+05 1,7114 1,049 

Face B 100,57 100,99 1,00E+08 1,00E+08 3,58 2,609 

Face C 137,03 137,19 1,00E+08 1,00E+08 2,6275 1,92 

Point 1 104,01 103,73 1,00E+08 1,00E+08 3,4615 2,54 

Point 2 45,121 45 1,00E+08 1,00E+08 7,9795 5,855 

Point 3 52,096 52,16 1,00E+08 1,00E+08 6,9111 5,052 

 Conclusion 
The procedure of preparation of CAD and mathematical 

model for the mentioned simulations was done in the 

same way. So, the dimensions and geometry of the model 

are identical. The main difference in the implementation 

of the procedure of numerical simulation of material 

fatigue in these two simulations is that the meshes are 

created automatically with both software. The main finite 

element parameters are the same. In the process of testing 

parameters of importance, which are life, damage and 

load (safety) factor, the difference occurs in the algorithm 

for solving the third parameter, where in the end the 

results on characteristic surfaces and points also differed 

significantly. For the first two parameters, the results are 

equal apart from the results on the edge on the face A. It 

is concluded that these results deviations are mesh 

dependent, and even that the location is possible 

singularity so no further efforts were made to obtain 

better results agreement at the face A.  

The further testing should be based on performing a 

practical experiment based on which the percentage 

deviation of the results from the nominal values should 

be established. Certainly, when it is impossible to use an 

experiment, performed numerical simulations are a good 

platform for scientific research. 
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