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Summary 

This thesis is divided in two parts. The first part is a study comparing different foams and 

their future uses in the design of snowboards to dampen vibrations and shocks during 

snowboarding. The other part explains the tests done on motorcycle components.  

The foams study focuses on the comparison of eight different pads, finding their proprieties 

and characteristics. The aim of the study was to analyze the relation between the materials 

features and the comfort during snowboarding, to select the ones that performed better. 

Some different tests were done both static and dynamic. A specific bench was developed to 

carry out the different kinds of tests, simulating the real situation of the pads in use. In this 

part accelerometers were used to collect data and find the behavior of the materials at 

different frequencies. In a second stage a testing machine was used to conclude this study. 

The second part of the thesis consisted in study on motorcycle components, studying the 

mechanical and structural proprieties of the main frame, the rear shock absorber and the 

handlebars. For each part a specific test bench was developed to carry out the tests. The 

component properties were analyzed during the tests.  

 

 



Pag. 2  University of Padua 

 

Contents 

SUMMARY ___________________________________________________ 1 

CONTENTS ___________________________________________________ 2 

1. PRESENTATION __________________________________________ 5 

1.1. Origin of the project ....................................................................................... 5 

1.2. Motivation ....................................................................................................... 5 

1.3. Prerequisites .................................................................................................. 6 

2. INTRODUCTION ___________________________________________ 7 

2.1. Project Objectives .......................................................................................... 7 

2.2. Scope of the project ....................................................................................... 7 

3. MATERIALS AND SOFTWARE _______________________________ 8 

3.1. eDAQ Field Computer System (FCS) ........................................................... 8 

3.1.1. SoMat InField Field Analysis Software ..............................................................8 

3.1.2. SoMat TCE for eDAQ Software .........................................................................9 

3.1.3. eDAQ Web Interface .........................................................................................9 

3.2. MTS® system test bench .............................................................................. 9 

3.3. Mono-axial accelerometers ......................................................................... 10 

3.4. MTS 858 Mini Bionix
®
 II ............................................................................... 10 

4. ABSORPTION COMPARATIVE STUDY OF THE ABSORPTIVE 

CAPACITIES OF DIFFERENT FOAMS ________________________ 11 

4.1. Study working with accelerometers ............................................................. 11 

4.1.1. Aims of the study .............................................................................................11 

4.1.2. Experimental method and idea ........................................................................11 

4.1.3. Tested specimens ...........................................................................................12 

4.1.4. Description of the tet bench .............................................................................13 

4.1.5. Sensor calibrations ..........................................................................................14 

4.1.6. Description of the experimental method ..........................................................15 

4.1.7. Transfer function methodology ........................................................................16 

4.1.8. Results .............................................................................................................17 

4.1.9. Observations ....................................................................................................20 

4.1.10. Area analyze results ........................................................................................20 

4.2. Study with MTS mini Bionix
®
 ....................................................................... 26 

4.2.1. Introduction ......................................................................................................26 



Experimental Laboratory Tests  Pag. 3 

 

4.2.2. Theorist idea ................................................................................................... 26 

4.2.3. Experimental method ...................................................................................... 27 

4.2.4. PID Control ..................................................................................................... 28 

4.2.5. Static procedure results .................................................................................. 29 

4.2.6. Dynamic procedure results ............................................................................. 31 

4.3. Results comparison of the two methods ...................................................... 33 

5. MAHINDRA J101 FATIGUE TESTS ___________________________ 35 

5.1. Introduction ................................................................................................... 35 

5.2. Main frame fatigue test................................................................................. 35 

5.2.1. Test explanations ............................................................................................ 35 

5.2.2. Main frame horizontal test FX ......................................................................... 36 

5.2.2.1. Aim of the test ...................................................................................... 36 

5.2.2.2. Test requirements ................................................................................ 36 

5.2.2.3. Test bench description ......................................................................... 36 

5.2.2.4. Loading conditions ............................................................................... 37 

5.2.2.5. Restraint conditions .............................................................................. 37 

5.2.2.6. Fatigue test method ............................................................................. 38 

5.2.2.7. Failure criteria ...................................................................................... 38 

5.2.2.8. Results ................................................................................................. 38 

5.2.2.9. Conclusion results ................................................................................ 40 

Based on the applied procedure, it can be state that: ........................................ 40 

5.2.3. Main frame vertical test FY ............................................................................. 41 

5.2.3.1. Aim of the test ...................................................................................... 41 

5.2.3.2. Test requirements ................................................................................ 41 

5.2.3.3. Test bench description ......................................................................... 41 

5.2.3.4. Loading conditions ............................................................................... 42 

5.2.3.5. Restraint conditions .............................................................................. 42 

5.2.3.6. Fatigue test method ............................................................................. 43 

5.2.3.7. Failure criteria ...................................................................................... 43 

5.2.3.8. Results ................................................................................................. 43 

5.2.3.9. Conclusion results ................................................................................ 45 

5.2.4. Swing arm fatigue test .................................................................................... 46 



Pag. 4  University of Padua 

 

5.2.4.1. Introduction .......................................................................................... 46 

5.2.4.2. Aim of the test ...................................................................................... 46 

5.2.4.3. Test requirements ................................................................................ 46 

5.2.4.4. Test bench description ......................................................................... 47 

5.2.4.5. Loading conditions ............................................................................... 47 

5.2.4.6. Restraint conditions.............................................................................. 47 

5.2.4.7. Fatigue test method ............................................................................. 48 

5.2.4.8. Failure criteria ...................................................................................... 48 

5.2.4.9. Results ................................................................................................. 49 

5.2.4.10. Conclusion results ............................................................................ 51 

5.2.5. Handlebar fatigue test......................................................................................51 

5.2.5.1. Introduction .......................................................................................... 51 

5.2.5.2. Aim of the test ...................................................................................... 51 

5.2.5.3. Test requirements ................................................................................ 51 

5.2.5.4. Test bench description ......................................................................... 52 

5.2.5.5. Loading conditions ............................................................................... 52 

5.2.5.6. Restraint conditions.............................................................................. 52 

5.2.5.7. Fatigue test method ............................................................................. 53 

5.2.5.8. Failure criteria ...................................................................................... 53 

5.2.5.9. Results ................................................................................................. 53 

5.2.5.10. Observations .................................................................................... 54 

5.2.5.11. Test conclusion results .................................................................... 55 

CONCLUSIONS ______________________________________________ 57 

THANKS ____________________________________________________ 58 

BIBLIOGRAPHY ______________________________________________ 59 

6. ANNEXES _______________________________________________ 60 

6.1. Matlab
®
 code ............................................................................................... 60 

6.2. Benches development ................................................................................. 64 



Experimental Laboratory Tests  Pag. 5 

 

1. Presentation 

1.1. Origin of the project 

This project arises from my liking for mechanics. After taking the chance to study at the 

University of Padua, the Mechanical Engineering Department offered me the opportunity to 

do a thesis in this specialty.  

Even thought I am not studding in a technical school I have always thought the practical part 

is really important as well, so when the mechanical department offered me the chance to do 

a practice thesis I accepted without thinking. 

The mechanical department was able to acquire some different pads from Vibram
®
 so I 

accepted the proposal to do a project with a company. 

Once I had finished this study I was given the possibility to test some motorcycle 

components from the manufacturer Mahindra & Mahindra
®
 manufacturer, providing another 

opportunity to continue testing in the laboratory.  

 

1.2. Motivation 

The end goal of engineering has always been solving the real problems of society. With this 

thesis I had the opportunity to do a study on real problems that affect us frequently.  

I have always liked sports, and it is true that there is still a problem in sports when it comes 

to absorbing shocks to avoid injuries; for example in the soles and insoles of sports 

footwear, bicycle saddles or in this case, in absorbing vibrations and shocks while 

snowboarding. It is clear that this is not an easily surmountable, but studding this 

phenomenon in another way and trying to quantify the some engineering parameters could 

aid progress in this field.  

Whilst testing motorcycle components I found an interesting way to help progressing in the 

security and stability of this vehicle. It was a good way to learn about fatigue test 

experiments. 
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1.3. Prerequisites 

To accomplish this test some practical knowledge that I didn’t have was necessary. To go 

on with the project, I followed a course called “Sports Engineering and Rehabilitation 

Devices“. It was useful to learn how to work with signals, design experiments and apply 

sensors to moving objects. Theoretical and practical abilities regarding the use of 

extensometers were acquired in the same course.  

Some knowledge of data analysis and programming in Matlab
®  

was also required. 
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2. Introduction 

2.1. Project Objectives 

As previously stated the thesis is separated in two parts.  

In the first section the aim of the study is to compare the properties of different foams to find 

which are more useful in snowboarding, trying to relate these features to the comfort of the 

user. It will help selecting the material when designing new boards, finding solutions to the 

comfort problem and going forward in the design of the boots.  

The second part is focused on fatigue tests on the Mahindra
® 

J101 motorbike. It will serve to 

analyze the resistance of their parts and improve their security and performance. Checking 

that the bike components pass certain tests will be the objective. 

In both cases, the main objective will be developing an experimental method for reproducing 

reality in an indoor bench. This method should allow the recreation of the facts of actual 

usage. The goal of these benches is to reduce the experiment time and to make the study 

more repeatable.  

In conclusion, the purpose of the thesis is to facilitate the comprehension of the relationship 

between comfort and the foam’s characteristics. In this way, make easier the development 

of this component and progress in the design. The second purpose is to obtain a 

quantitative value of the resistance of the motorbike components and accredit the different 

components resistance. 

 

2.2. Scope of the project 

This project results from the need of University of Padova’s need to do some different tests, 

which restricts the research direction. The result of this was stopping the foams study and 

further testing motorbikes.  

Doing different tests and studies on different parts and materials allows an extensive field of 

study, making it difficult to focus on one area of study but allowing experiment in different 

fields. 
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3. Materials and software 

Along this thesis they were used some devices and appropriated software to allow getting 

and elaborate data in a correct form.  The most important things used were: 

 

 eDAQ Field Computer System (FCS) 

 MTS
®
 system test bench 

 Mono-axial accelerometers 

 MTS
 
858 Mini Bionix

®
 II 

 

3.1.  eDAQ Field Computer System (FCS) 

The SoMat eDAQ Field Computer System is a microprocessor-based data acquisition 

system designed for portable data collection in a variety of test environments. The device 

has different acquisition modules, for bridges strain gauges or other sensor like 

accelerometers or potentiometers. The internal memory is of 256 MB. The link between the 

PC and the SoMat
®
 was made with an Ethernet wire.  

The maximum sampling frequencies is of 100 kHz.  

The basic eDAQ system consists in: 

     • SoMat InField Fiel Analysis Software  

     • SoMat Test Control Environment (TCE) software 

     • SoMat eDAQ web interface 

 

3.1.1. SoMat InField Field Analysis Software 

 SoMat’s InField Field Analysis Software can be used to display and verify acquired test 

data. A Test Control module is also available for certain aspects of eDAQ test control and 

provides enhanced Run Time Display capabilities.  
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Fig.3.1 eDAQ Interface. 

Fig.3.3 Somat eDAQ. 

3.1.2. SoMat TCE for eDAQ Software 

 The SoMat Test Control Environment (TCE) software is a Windows-based interface 

between the user, the eDAQ, and the support PC. TCE can be used  to set up a test, 

calibrate input channels,  control a test (starting and stopping tests)  and transfer data from 

the eDAQ to the support PC. 

 

3.1.3. eDAQ Web Interface  

The eDAQ web interface can be used to 

perform test control operations including 

activating saved test initializations, starting 

and stopping of test runs, monitoring test 

status, and ending initialized tests.  

 

3.2. MTS® system test bench 

The MTS
® 

system test bench is an actuator devise.  It has been used to produce the 

vibrations in the bench to reproduce the bumps of the road.  

The system can be divided in two functional different parts, the hardware and the software.  

Regarding the hardware, it is composed by an 

hydraulic pump, MTS® servo-valves, a hydraulic 

control panel and two MTS® servo-hydraulic 

actuators (Fmax=13kN,  Frequency range 0-100z). 

With respect to software,  MTS Station Manager 

(Fig.3.2) is the system control unit. This application 

allows creating the file set-up for carrying out the 

tests with a wide range of settings. Test’s 

parameters such as the type of function (sine 

curve, square  wave, random etc ...) or the 

actuator control (force- displacement), PID and 

limits can be setup inside the software.  
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Fig.3.1 eDAQ Interface. 

Fig.3.3 Mini Bionix testing machine. 

Fig.3.3 Monoaxial acceleromenter. 

 

3.3. Mono-axial accelerometers 

The accelerometers used during the test were two uni-axial piezoelectric ones; model 

SoMat HSL 1100 (+/-50g full scale, 0, 3 15000 Hz band-pass).  

Acceleration were measured by two uni-axial piezoelectric accelerometers model SoMat 

HSL 1100 (+/-50 g full scale, 0,3 15000 Hz bandpass). 

 

 

 

 

 

 

3.4. MTS 858 Mini Bionix® II 

The MTS 858 Mini Bionix
® 

II is a full featured material 

testing system for low force static and dynamic testing 

applications. It has the capability to perform tension, 

compression bend and fatigue tests.  It includes a 

control system that serves to program different 

procedures.  This device was used to define the 

different materials features and to obtain some 

characterizes of the materials.  The system has two 

output channels, the force and the displacement, with 

this data, all the properties needed can be calculated. 
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Fig.4.1 Bench draw. 

Fig.4.2 Bench scheme. 

4. Absorption comparative study of the absorptive 

capacities of different foams 

 

The performance of the different foams will be studied in two different ways: in the first part, 

using accelerometers and in the second, using the MTS Mini Bionix II. In this chapter we will 

focus on this study. 

4.1. Study working with accelerometers  

4.1.1. Aims of the study 

To develop and validate an experimental method for studying and quantifying the vibration 

level damping on different foams. The final goal is to allow select the materials that perform 

better. 

4.1.2. Experimental method and idea 

A bench was developed to produce oscillations 

in constant amplitude and discrete 

incrementally frequency.  The test consists of 

putting the material to be tested between a 

vibrating plate and a mass. 

The test tries to reproduce the conditions in 

which the pad will be submitted in use.  

 

In figure 4.2 we can see a scheme of this idea in 

a graphic way. The mass works as the body weight producing a pressure in the upper face 

on the material. The hydraulic cylinder is the responsible to produce the oscillations, 

simulating the snow irregularities while snowboarding. In this way, the material is submitted 

in the laboratory in 

practically real 

conditions.   
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Fig.4.1 Experimental idea scheme. 

 

4.1.3. Tested specimens 

It has been tasted eight different tips of materials, provided by Vibram®, the specimens 

tested had a dimension of 0.1 x 0.1 this generates a surface of 0,01m
 2
.The thickness of the 

materials was 10mm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1-Shock 

Plus 

2-MS45B 3-M60X 

4-Vi Pod 5-Diflex90 6-PulseB 

7-DecellB 8-M55NL  

Fig.4.3 View of the materials tested. 
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4.1.4. Description of the tet bench 

 

A specific test bench was developed to 

guide a variable weight in a vertical axis. 

The system consists of an articulated arm 

(AR) which restricts the movement of the 

end of the arm in a circular trajectory 

which produces an approximate straight 

line due to the small amplitude of the 

movement. Thus the mechanism works 

like a hanging mass.  

In this point, the mass (M) is fixed in the 

end of the arm. The weight can be varied 

between 8,3 and 108 Kg. The material 

that will be tested, the specimen (SP), is 

placed between the mass (M), and the 

actuator (AC), thus the material can be 

well tested. 

Fig.4.4 Description of the test bench. (M) mass, 

(AR) arm, (SP) specimen, (AC) actuator,(S1) sensor1, input accelerometer, (S2)sensor2, output accelerometer.  

                                                                         

To acquire the results two Somat® accelerometers were used, one attached to the 

hydraulic piston to obtain the input signal (S1), and another one fixed in the mass to obtain 

the output signal (S2). 

 

Fig.4.5 Detailed view of the sensor1 (S1),  input signal (on the left), and sensor2(S2) output signal. 

M 

SP 

AC 

S1 

S2 

S1 S2 

M 

AR 
SP 
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4.1.5. Sensor calibrations 

As previously stated, the accelerometers will be the most important devices to obtain data 

from the tests simulations.  Because of this, it is important to know exactly who do they 

work, their error margin and to calibrate them well.  

There are two uniaxial accelerometers available. One of this done by SOMAT® and the 

other by Measurement Specialties.  They are both formerly calibrated. As to compare if they 

work well there have carried out an experiment . Both sensors have been rigidly united and 

done an experimental test only for assert they give equally results as effective.  The result 

has been as follows:   

 

 

 

 

 

 

 

 

It can be seen that results are not as expected.  

After compare the results with the manufacturer properties it has been decided to use the 

SOMAT® accelerometer because of the results got from the other one didn’t coincide with 

the information provided from the maker.    

After selecting the sensor and before star ting the tests, several trials have been done to 

see if the operation was right, selecting an appropriate data acquisition rate and taking in 

consideration the sensibility of the sensor at different frequencies. To finish with a good 

calibration, the sensor must be properly powered.  

Fig.4.5 Acceleròmeter calibration. 
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Fig.4.6 Process adopted. 

4.1.6. Description of the experimental method 

Previous studies revealed that a representative value of the static pressure generated by a 

cyclist in smooth plane asphalt was around 55kpa. 

 To carry out the tests it was decided to use a 55kg mass for generating a static pressure of 

  55Kpa over the samples (0,01m
2
 ). 

To go through with the study, has been made a trial to control the displacement of the 

hydraulic system with a sinusoidal signal of constant amplitude of 0,5mm and a rising 

frequency between 1Hz and 100Hz as follows:  

 

Process Freq. [Hz]  nº  cycles Proc. Freq. [Hz]  nº  cycles Proc. Freq.[Hz]  nº  cycles 

1 1 60 15 35 1688 29 70 3500 

2 2,5 150 16 37,5 1800 30 72,5 3200 

3 5 200 17 40 2125 31 75 3375 

4 7,5 300 18 42,5 2250 32 77,5 3488 

5 10 400 19 45 2250 33 80 3600 

6 12,5 500 20 47,5 2250 34 82,5 4125 

7 15 750 21 50 2363 35 85 4250 

8 17,5 788 22 52,5 2200 36 87,5 4375 

9 20 900 23 55 2300 37 90 5400 

10 22,5 1000 24 57,5 2100 38 92,5 6938 

11 25 1100 25 60 3438 39 95 4275 

12 27,5 1500 26 62,5 3245 40 97,5 4875 

13 30 1625 27 65 3275 41 100 5000 

14 32,5 1400 28 67,5 3165    
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Fig.4.7 Transfer function idea. 

The purpose of this study is to compare the two signals, input and output, and analyze the 

data trying to search if there is some connation between the data and the comfort.   

To take up with the study, it was decided to found the transfer function that connects the 

output and the input signals. To proceed with the study, all the materials were subjected to 

the anterior procedure. Ultimately, it was done a test without material to have a reference of 

how the materials can absorb vibrations. 

 

4.1.7. Transfer function methodology 

 

The transfer function is a relation between the input and output of a system. At the same 

time it can be defined as the quotient of the cross power spectral density (Pxy) of xand y 

and the power spectral density (Pxx) of x. The power spectral density describes how the 

energy is distributed with frequency.  

To calculate the transfer function between our signals, it was used this method by using 

Matlab
®
.  
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Fig.4.8 Accelerometers outputs. 

4.1.8. Results 

Analyzing the data obtained in the tests, we saw the different comportments of the 

materials. Figure 2.1.4 shows the acceleration of the moving parts obtained by the 

accelerometers. In this figure we can observe the Input and Output signals, corresponding 

to the moving parts.  

Plotting the acceleration of the two moving parts we observe that was difficult to obtain 

quantitative conclusions.   

After 1000 seconds, corresponding to a frequency of 50Hz we can appreciate no 

differences in the output signal. The mass remained practically firm. It allows limit future 

studies at this frequency due to no interesting conclusions can be obtain before this 

frequencies.  

 

 

 

Regarding to the input signal obtained with the accelerometer, it is seen that the signal is 

not a regular discreet increasing signal. It permits certificate that the system is not perfect 

but can be pretty approximated.    

To compare the results of the different materials was decided to calculate the transfer 

function between the two signals:
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Fig.4.9.1-Shock Plus material transfer function. Fig.4.9.2    2-MS45B material transfer function. 

Fig.4.9.3  3-M60X material transfer function. Fig.4.9.4  4-Vi Pod  material transfer function. 

Fig.4.9.5   5-Diflex90  material transfer function. Fig.4.9.6   6-PulseB  material transfer function. 
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4.1.9. 

Fig.4.9.12 View of the compared materials 

materials. 

Fig.4.9.7    7-DecellB material transfer function. Fig.4.9.8   8-M55NL  material transfer function. 

Fig.4.9.9   9-Without  material transfer function. Fig.4.9.10  Transfer function comparison of orange 

materials. 

 

Fig.4.9.11  Transfer function comparison of white materials. 
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Fig.4.10 Transfer function integrals. 

Observations 

If we focus on figure 13, can be seen the different comportment of the materials in different 

frequencies. In frequencies between 0-5Hz the material that damps better the vibrations is 

material 8-M55NL. In frequencies between 5-20Hz the transfer function takes positive 

values because the materials come in resonances. The system amplifies the input signal.  

In higher frequencies, the 2-MS45S material is the one that performs better, followed by 8-

M55NL.   

Analyze the plots exposed the difficulty of getting conclusions about the graphics. To enable 

obtaining a better comparison method, a method that allows getting numerical values, was 

proceed calculating the area below the transfer functions. 

 

4.1.10. Area analyze results 

 

 

 

 

 

 

 

 

 

 

This procedure was done for all the materials to find the area over and under the transfer 

function. In figures 15 and 16, the red and green lines are the value of the cumulative area 

from 0 to the corresponding frequency.  
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To enable comparing the results of all the materials, it has been plotted together. Just taking 

 back that the plot shows the cumulative value. If we want to know which material performs 

better in a determinate frequency, we must take notice in the pendant of the curves. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Material Cumulative 

area 

 9-Without -207,5 

 1-Shock Plus -816,9 

 4-Vi Pod -1176,6 

 6-PulseB -1274,8 

 3-M60X -1340,7 

 5-Diflex90 -1357,3 

 7-DecellB -1431,0 

 8-M55NL -1760,8 

 2-MS45B -2079,2 

 Material Cumulative 

area 

 1-Shock Plus 1072 

 6-PulseB 857,6 

 4-Vi Pod 833,6 

 3-M60X 484,9 

 5-Diflex90 272,3 

 9-Without 272,1 

 2-MS45B 146,1 

 8-M55NL 127,2 

 7-DecellB 120,3 

Fig.17 Cumulative negative area comparison. 

Fig.4.11 Cumulative positive and negative area comparison. 
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Area under the transfer function can be a selection criteria for selecting witch material 

performs better. If we fix in figure 17 the material that performs better in frequencies 

between 0 and 100Hz is the MS45B followed by M55NL and DecellB.  

Area above the transfer function point out that the material amplify the input signal. This 

phenomenon is due to the occurrence of resonances. 

In this case interest having the less area possible. Fixing in the figure 18 we can appreciate 

material Shock Plus produces more resonances than the otters. In the other side material 

DecellB in the one that performs better.  

To know which material performs better in each rank of frequencies it has been sequenced 

the results in segments of 10Hz. The following tables (Fig.19, Fig.20) collect the explained 

results: 

 

 

Frequency 1-Shock Plus 2-MS45B 3-M60X 4-Vi Pod 5-Diflex90 6-PulseB 7-DecellB 8-M55NL 9-Without 

0-10Hz -13,43 -8,36 -0,74 -20,80 -7,31 -1,34 -40,81 -142,84 -38,17 

10-20Hz 0,00 -3,24 0,00 0,00 0,00 0,00 -1,75 -0,13 -0,03 

20-30Hz -1,94 -74,52 -8,72 -3,96 -5,81 -3,39 -8,90 -30,87 0,00 

30-40Hz -8,04 -169,99 -38,49 -19,40 -71,49 -20,55 -79,18 -94,90 0,00 

40-50Hz -16,51 -225,13 -130,55 -62,80 -120,78 -66,14 -127,00 -166,68 0,00 

50-60Hz -26,61 -262,37 -178,75 -159,78 -166,44 -193,83 -171,00 -206,79 -0,74 

60-70Hz -67,48 -295,98 -205,70 -186,59 -203,97 -223,18 -209,03 -240,83 -2,01 

70-80Hz -131,88 -323,31 -234,64 -213,99 -233,62 -233,72 -238,55 -268,98 -25,55 

80-90Hz -231,09 -347,26 -259,74 -241,70 -261,19 -255,77 -265,39 -293,37 -63,85 

90-100Hz -319,92 -369,06 -283,40 -267,60 -286,66 -276,88 -289,44 -315,44 -77,14 

Total -816,90 -2079,22 -1340,72 -1176,62 -1357,27 -1274,81 -1431,03 -1760,83 -207,50 

Fig.4.12 Cumulative positive area comparison. 
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To act out the data of the previous tables in a clearer form, two new plots were done. The 

incoming graphs show these results: 

 

 

 

 

 

 

 

Frequency 1-Shock Plus 2-MS45B 3-M60X 4-Vi Pod 5-Diflex90 6-PulseB 7-DecellB 8-M55NL 9-Without 

0-10Hz 341,21 28,55 98,24 206,61 43,01 236,23 6,24 16,50 0,46 

10-20Hz 349,50 110,38 266,53 345,04 187,15 339,51 91,53 90,36 3,20 

20-30Hz 208,28 4,71 101,12 190,37 40,11 196,28 21,36 8,81 62,28 

30-40Hz 112,87 2,39 17,38 79,63 0,00 75,33 0,00 11,57 118,58 

40-50Hz 51,79 0,00 1,67 11,78 1,85 10,17 0,98 0,00 62,40 

50-60Hz 8,40 0,00 0,00 0,21 0,18 0,12 0,22 0,00 22,36 

60-70Hz 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 2,80 

70-80Hz  0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

80-90Hz 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

90-100Hz 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

Total 1072,04 146,03 484,95 833,63 272,30 857,64 120,34 127,24 272,08 

Fig.20  Summary table of sequenced positive areas. 

Fig.4.14 Summary plot of sequenced negative areas. 

Fig.4.13 Cumulative positive area comparison. 
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Fig.4.15 Summary plot of sequenced positive and negative. areas. 

 

 

To expose the results in another way this plots were done: 

 

 

 

The area is sequenced in the different frequencies in these plots. It permits to know which 

material works better in each frequency. It can be useful in future field studies, for example 

if depending on the snowboarding specialty, the foam works in different frequencies.  
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Fig.4.16 Summary plot of sequenced negative areas. 

After analyzing the data the results can be stated in the next table: 

 

 

Comparing the cumulative area between 0 and 100Hz, and using the positive and negative 

area criteria to classify the materials was obtained that the materials that have better 

performance in this test are the DecellB, M55NL, and MS45B. This are the materials that 

have more comulative negative area, and, at the same time, less  
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Fig.4.2.1 Strain-stress curve. Fig.4.2.2 Hysteresis cycle. 

4.2. Study with MTS mini Bionix®     

4.2.1. Introduction 

To continue studding the materials and to have another way to compare and validate the 

results was decided to keep on with this study. This new tests consists in study the 

materials in a static assay and then in a dynamic one.   

 

4.2.2. Theorist idea 

In these tests we would like to find which of the materials have best proprieties while 

absorbing shocks.  

The engineering parameter of the material that is linked with the capacity of absorbing 

shocks is the Hysteresis loop area. Once found this area we will be able to compare the 

different materials. 

Along the study we have just focused on the comportment on snowboarding use, due to 

this, we will just need to find the properties in that conditions. In consequence a static test 

will be done to find the strain in which the material works, the strain at 55kpa.   

Once found this characteristic for all the materials the study pursue with a dynamic test. It 

consisted in bringing the material in the strain found and fount the hysteresis cycle for 

different frequencies between 0 and 40Hz.  
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4.2.3. Experimental method 

To carry on with this study was needed the 

MTS Mini Bionix® device.  Two procedures 

were implemented do develop the test.  

Static procedure consisted in compressing the 

material till an strain of ε=0,5. To guarantee a 

static procedure the compressing process was 

done in a velocity of 1mm/min. With this test, 

was expected to found the Strain-Stress curve 

of each material. It would serve to find the 

working strain of the material. It will be useful 

to continue testing the material in these 

conditions. 

Once done the static tests it was continued 

doing the dynamic tests. From this test was 

expected to found the comportment of the 

samples in different frequencies. It will be 

useful to compare the results with the bench 

assay. In this case instead of founding the area of the transfer function was thought to find 

the area of the hysteresis cycle in each to to find the area of the hysteresis loop. Another 

interesting propriety of the Hysteresis loop was the thickness of the cycle, it is linked up with 

the damping. The last parameter calculated was the slop of the regression line of the cycle. 

All of these parameters should also help to calculate the usability of each material.  

For arriving to a steady state, was decided to repeat the procedure in each frequency 

several times, and use the data from an intermediate cycle.   

Fig.4.2.3 MTS 858 Mini Bionix II view. 
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Fig.4.2.5 Input and actuator 

position before modify the PID 

control. 

Fig.4.2.4 Procedure adopted. 

Fig.4.2.6 Input and actuator 

position after modify the PID 

control. 

 

4.2.4. PID Control 

To save time up, was decided to design a procedure to allow testing the material in an 

automatic form. It consisted in change automatically the testing frequency. For cycling the 

materials in the right form, as similar as possible as a sinusoidal wave, was needed to 

modify the PID control constants due to the differences between the input of the control 

system and the output of the MTS minibionix
®
. The proportional constant was modified from 

15 to 34.72, the Integral constant from 0.04 to 0.0352, and the derivative constant was not 

modified.  

In the next figure we can see the imposed signal and the output position of the actuator, 

before and after the PID was modified: 

 

 

 

 

  

Proces Frequency 
[Hz] 

nº cycles Proces Frequency 
[Hz] 

nº cycles 

1 1 30 16 16 480 

2 2 60 17 17 510 

3 3 90 18 18 540 

4 4 120 19 19 570 

5 5 150 20 20 600 

6 6 180 21 22 660 

7 7 210 22 24 720 

8 8 240 23 26 780 

9 9 270 24 28 840 

10 10 300 25 30 900 

11 11 330 26 32 960 

12 12 360 27 34 1020 

13 13 390 28 36 1080 

14 14 420 29 38 1140 

15 15 450 30 40 1200 
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4.2.5. Static procedure results 
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Fig.4.2.7 Strain-Stress over plot. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

In this plots we can see the diverse curves strain-stress, and the strain value in which the 

material arrive to nominal point of work.  

 

Material Strain at 

55 Kpa 

1-Shock Plus 0.06886 

2-MS45B 0.31728 

3-M60X 0.13645 

4-Vi Pod 0.10348 

5-Diflex90 0.13739 

6-PlusB 0.12522 

7-DecellB 0.16611 

8-M55NL 0.17576 

Fig.4.2.7 Strain-Stress plot results. 
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       Fig.4.2.9 Material 7-DecellB frequency behavior. 

 

4.2.6. Dynamic procedure results 

As explained in the previous sections, it was calculated the hysteresis cycle for each of the 

eight materials studied. Each material was studied at 30 different frequencies, it produced a 

total of 240 plots like the following one. For each plot were calculated three different 

parameters, the area, the slope, and the distance (thickness) of the central part.   

 

 

 

 

 

 

 

 

 

 

After calculating the hysteresis 

cycles and their parameters they 

were plotted versus the 

frequency, obtaining a curve of 

the comportment for each 

material.  Once analyzed the plot 

were found resonances for all the 

materials at the same range of 

frequencies. This strange fact 

could only be due to resonances 

in the system and not because of 

the materials, so the data in this 

range of frequencies didn’t 

contribute in the study, it was 

wrong data.  

Fig.4.2.8 Material 7-DecellB hysteresis loop at 13Hz 
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To compare all the materials in an easy form and make it easy to obtain conclusions were 

plotted in a same graph:  

       

 

 

 

 

 

 

 

 

With this graph we can obtain a ranking of the materials depending on their shock 

absorption capacity. The material that absorbs better the shocks is the Shock Plus followed 

by the DecellB and Diflex 90.  In that aspect, the worst materials are the MS45NL, M55NL 

and PulseB.  

If we focus on the hysteresis loop thickness, can be appreciated that the materials are 

classified in the same order. This is due to the thickness and the area are both proportional 

to the shock absorption. This confirms that the tests were well done. 

 

 

 

Fig.4.2.10 Hysteresis loop area over plot. 

 

Fig.4.2.11 Hysteresis loop thickness over plot. 
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The slope of the cycles token corresponds to the stiffness at the working point. It could have 

been also obtained  when doing the strain-stress curves. With the strain-stres curve ve can 

obtain the stifness of the material at any point. 

Analysing the slope of the cycles obtained, it was found that the ranking matches with the 

results of the static test. It confirms the results of the both tests. 

 

  

 

 

 

 

 

 

 

4.3. Results comparison of the two methods 

After studying the pads in two different ways in two different kinds of tests, it was decided to 

put the results together to obtain a clear idea of the material proprieties. It could be useful to 

summarize the study done: 

  

 

 

 

 

 

 

Fig.4.2.12 Hysteresis loop slope over plot. 

 

Fig.4.2.13 Results comparison. 
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In the X axle was plot the Hysteresis Loop Area, corresponding two the vibrations 

dampening propriety. In the Y axle was plot integral of the transfer function. In this way, 

combining the two studies we can select which materials are more useful and which are 

usefulness in snowboarding. The materials M60X, Vi Pod, Diflex90 and PulseB presented 

worst performance than DecellB material because all of them offered a bigger transfer 

function integral and less area in the hysteresis cycles during the tests. Taking just in 

account this two properties (underestimating the price and other characteristics) all of this 

materials were considerate usefulness materials in this snowboarding application: 

 

 

Regarding the other four materials, each one presented different capacities. Extreme 

qualities in absorbing shocks and poor qualities in damping vibrations, or the opposite.  

Therefore, each material can be used in a different snowboard specialty; for example Shock 

Plus for extreme freestyle/Big air, DecellB for freestyle/Half-pipe, M55NL for freeriding, and 

MS45B for slalom.   

 

 

Fig.4.2.14 Results comparison analysis. 
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5. Mahindra J101 fatigue tests 

5.1. Introduction 

Mahindra J101 is tested in this chapter. Some fatigue tests related to structural parts of this 

vehicle were done. This study is mainly divided in four blocks, corresponding with the 

structural parts are going to be tested. These parts are: 

 Main frame 

 Swing arm 

 Handlebar 

For testing each part were developed and used different benches. The actuators were the 

same, but used in different positions and configurations. The system of acquisition used 

was the MTS Testar. 

 

5.2. Main frame fatigue test 

5.2.1. Test explanations 

To go on with the development of this bench was needed first to describe the study that was 

going to be done. To simulate the real conditions and loads the main frame is submitted, it 

was decided to do two different tests, one simulating the load applied by the body and 

another one simulating the horizontal forces the front wheel receive from the asphalt.  

To go ahead with these tests and develop a bench were needed two actuators. One for 

applying horizontal loads and one for applying vertical loads in the saddle place.  
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5.2.2. Main frame horizontal test FX 

 

5.2.2.1. Aim of the test 

Evaluation of the Mahindra J101 Main Frame fatigue resistance after application of a 

constant amplitude fatigue tests.  Applying horizontal loads on the front fork. 

Evaluation of the frame stiffness during the tests.  

5.2.2.2. Test requirements 

The manufacturer required: 

HORIZONTAL FATIGUE TEST: Main frame fatigue test after application of 500000 

constant amplitude fatigue cycles at 5Hz, horizontal load pulsating from -2560N to 2560N, 

load applied at a horizontal slider fixed with the front fork (fig. 1). 

 

 

 

 

 

 

 

 

 

5.2.2.3. Test bench description 

Just as we stated earlier, a horizontal test will be done. To pursue with this process the rear 

wheel axle should be fixed. To fix it was decided to set the wheel with two attachments.To 

apply the loads in the front wheel, it was toke out and the front fork was fixed with two 

cylindrical joints leaving one degree of freedom in the direction of the load. 

Different supports were built to fix the main frame into the desired position. 

Fig.5.1 Main frame horizontal load test sketch. 
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The motorbike has been assembled on the Fatigue Test Bench as in the following scheme: 

 

 

 

 

 

 

 

5.2.2.4. Loading conditions 

In this test the frame was loaded by the FX force (Bench FX Force) at the front fork. Loads 

were applied by means of a 15 kN MTS 242 hydraulic cylinder. The Cylinder was under 

Force Control by the MTS TESTAR II m system.  

5.2.2.5. Restraint conditions 

The front fork was substituted by a rigid one provided by the manufacturer. It was fixed on a 

horizontal slider at the position of the front wheel axle.  

The rear shock absorber was substituted by a rigid rod of length corresponding to a fully 

compressed position. 

The frame rear wheel was clamped to a rigid post connected to the bench: the rear tire, 

inflated at the 110% of the prescribed tire pressure, was included in the tests in order to 

reduce any possible local stress concentration at rear wheel axle and swingarm axle.   

 

 

 

 

 

Fig.5.2  Scheme of the test bench adopted.  

 

Fig.5.3 Restraint conditions of the bench 

test. 
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5.2.2.6. Fatigue test method  

Cyclic loads were applied at 5 Hz. Peak loads were constantly monitored during the tests in 

order to ensure the required application of forces ranging from ±2560N, accuracy ±15%. 

Peak deflections of each cylinder were constantly monitored during the tests in order to 

ensure that the deflection of the component would not increase of more than 25 % 

throughout the test.  

After the application of the corresponding number of cycles, the components were 

inspected to check for the presence of cracks. 

5.2.2.7. Failure criteria 

The presence of 5 mm cracks at any location of the frame was defined as the component 

failure. The components of the frame were periodically inspected during working hours.  

Frame stiffness decrease during the tests was considered an indicator of a failure in 

progress. The flexibility of cracked components increases as the crack propagates, 

particularly on tubular joints when the crack length is about half the tube external 

circumference. The 25 % reduction of the initially settled stiffness of the overall frame was 

adopted as the test stop/failure criteria. 

5.2.2.8. Results 

The frame stiffness Kfx, defined as the ratio between applied Fx force and deflection fx, as 

settled during the initial cyclic tests resulted equal to 563.807 N/mm (average). The 

maximum and minimum values obtained were Max=571.599 N/mm, Min=560.559. Stiffness 

was calculated as the slope of the regression line of the different cycle token data. The 

stiffness never decreased below the -5% limit. 

 

 

 

 

 

 

  
Fig.5.4  Stiffness tendency. 
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The +/- limit values of deflection for the failure detection were ±25% the initial values. 

Deflection never overcomes these limits. Extreme values obtained were: Max= 4.339 mm, 

Min = 4.112 mm for the positive pick values, and Max= -4.536 mm, Min= -4.705 for negative 

pick valleys (figures 8,9,10).  

 

Fig.5.5  All cycles token. 

Fig.5.6 Peak valley values   
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To make certain the results obtained in the previous sections, was also calculated the 

hysteresis area of the different cycles. The results show that it was constant. 

 

 

 

 

 

 

 

 

Visual inspection of all frame welds identified no cracks. 

 

5.2.2.9. Conclusion results 

Based on the applied procedure, it can be state that:  

- Frame stiffness decrease during the tests was insignificant. 

- There was seen no meaning wear. 

- The J101 motorbike has passed the tests without failures.  

Fig.5.7 Hysteresis loop area tendency. 
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5.2.3. Main frame vertical test FY 

5.2.3.1. Aim of the test 

Evaluation of the Mahindra J101 Main Frame fatigue resistance after application of a 

constant amplitude fatigue tests.  Applying vertical loads. 

Evaluation of the frame stiffness during the tests.  

5.2.3.2. Test requirements 

The manufacturer required: 

VERTICAL FATIGUE TEST: Main frame fatigue test after application of 100000 

constant amplitude fatigue cycles at 5Hz, vertical load pulsating from 0 to 2300N, 

load applied in the rear saddle fixed with a support (fig.1). 

 

 

 

 

 

 

 

 

5.2.3.3. Test bench description 

To start with the vertical test, the bench was simply modified. The horizontal actuator 

attached in the front wheel axel was fixed in the natural position of the fork, just to have a 

fixing point. In the rear part, to simulate the weight of the driver was need to use a second 

actuator to apply the load. Previous studies reveled the position where the weight should be 

applied. To take into account this specifications was designed a specific support.  

 

Fig.5.8 Main frame vertical load test sketch. 
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Fig.5.10 Restraint conditions of the bench test. 

     The motorbike has been assembled on the Fatigue Test Bench as in the following 

scheme: 

 

 

 

 

 

 

 

5.2.3.4. Loading conditions 

The frame was loaded by the FY force (Bench FY Force) at the specified point. Loads were 

applied by means of a 15 kN MTS 242 hydraulic cylinder. The Cylinder was under Force 

Control by the MTS TESTAR II m system.  

The FX cylinder was fixed in the front fork through a slider under displacement control in a 

fixed value. 

5.2.3.5. Restraint conditions 

The front fork was substituted by a rigid 

one provided by the manufacturer. It was 

fixed on a horizontal slider at the position 

of the front wheel axle.  

The rear shock absorber was substituted 

by a rigid rod of length corresponding to a 

fully compressed position. 

The frame rear wheel was clamped to a 

rigid post connected to the bench: the 

rear tire, inflated at the 110% of the 

prescribed tire pressure, was included in 

the tests in order to reduce any possible 

local stress concentration at rear wheel 

axle and swing arm axle.   

The saddle support was fixed with an MTS 242 hydraulic cylinder under control. 

Fig. 5.9 Scheme of the test bench adopted. 
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5.2.3.6. Fatigue test method 

Cyclic loads were applied at 5 Hz. Peak loads were constantly monitored during the tests in 

order to ensure the required application of forces ranging from 0 to 2300N, accuracy ±15%. 

Peak deflections of each cylinder were constantly monitored during the tests in order to 

ensure that the deflection of the component would not increase of more than 25 % 

throughout the test.  

After the application of the corresponding number of cycles, the components were 

inspected to check for the presence of cracks. 

5.2.3.7. Failure criteria 

The presence of 5 mm cracks at any location of the frame was defined as the component 

failure. The components of the Frame were periodically inspected during working hours.  

Frame stiffness decrease during the tests was considered an indicator of a failure in 

progress. The flexibility of cracked components increases as the crack propagates, 

particularly on tubular joints when the crack length is about half the tube external 

circumference. The 25 % reduction of the initially settled stiffness of the overall frame was 

adopted as the test stop/failure criteria. 

 

5.2.3.8. Results 

 The frame stiffness Kfy, defined as the ratio between the FY force applied and deflection fy, 

settled during the initial cyclic tests resulted equal to 711.387 N/mm (average). The 

maximum and minimum values obtained were Max=790,077 N/mm, Min=782,627. Stiffness 

was calculated as the slope of the regression line of the different cycle token data. The 

stiffness never decreased below the -5% limit of the initial values. 

 

Fig.5.11 Stiffness tendency. 
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The +/- limit values of deflection for the failure detection were ±25% the initial values. 

Deflection never overcomes these limits. Extreme values obtained were: Max= 3.082 mm, 

Min = 2.9537 mm for the positive peak values, and Max= -4.536 mm, Min= -4.705 for 

negative pick valleys (fig.14).   

 

 

 

Fig.5.12  All cycles token. 

Fig.5.13 Peak valley values.   
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To make certain the results obtained in the previous sections, was also calculated the 

hysteresis area of the different cycles. The results show that it was constant. 

 

 

 

 

 

 

 

 

Visual inspection of all frame welds identified no cracks. 

After the main frame resisted satisfactorily the test, it was redone without screw in the 

saddle support. The main frame passed also the second test. 

5.2.3.9. Conclusion results 

Based on the applied procedure, it can be state that:  

- Frame stiffness decrease during the tests was insignificant. 

- There was seen no meaning wear. 

- The J101 motorbike has passed the tests without failures.  

 

Fig.5.14 Hysteresis loop area tendency. 
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5.2.4. Swing arm fatigue test 

 

5.2.4.1. Introduction 

An important structural part in motorcycles is the swing arm, it is the main component of the 

rear suspension and must allow to absorb bumps in the road.  Mainly, if we focus on the 

loads, this structure is submitted in a vertical load in the rear axle. To reproduce as real as 

possible this road conditions, an specific assay was developed.  

5.2.4.2. Aim of the test 

Evaluation of the Mahindra J101 Swing arm fatigue resistance after application of a 

constant amplitude fatigue tests.  Applying vertical loads. 

Evaluation of the frame stiffness during the tests.  

5.2.4.3. Test requirements 

The manufacturer required: 

VERTICAL FATIGUE TEST: Swing arm frame fatigue test after application of 

100000 constant amplitude fatigue cycles at 5Hz, vertical load pulsating from 0 to 

4415N, load applied in the rear wheel axle with the frame pre-fixed (fig.1). 

 

 

 

 

 

 

 

 

Fig.5.15 Swing arm vertical load test sketch. 
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5.2.4.4. Test bench description 

To assay in laboratory the swing arm this part should be fixed in an optimal position to allow 

producing the loads in the specific direction. To assay this part in the easiest way, was 

thought to use the main frame as a fixation points. In this way, the previous developed 

bench was useful. Applying and horizontal load in the rear wheel was enough to continue 

through the test. 

The motorbike has been assembled on the Fatigue Test Bench as in the following scheme: 

 

 

 

 

 

 

 

5.2.4.5. Loading conditions  

The frame was loaded by the Fz force (Bench Fz Force) at the specified point (fig.1) Loads 

were applied by means of a 15 kN MTS 242 hydraulic cylinder. The Cylinder was under 

Force Control by the MTS TESTAR II m system.  

The FX cylinder was fixed in the front fork through a slider under displacement control in a 

fixed value. 

5.2.4.6. Restraint conditions 

The front fork was substituted by a rigid one provided by the manufacturer. It was fixed on a 

horizontal slider at the position of the front wheel axle.  

The rear shock absorber was substituted by a rigid rod of length corresponding to a fully 

compressed position. 

The motor was fixed with the bench to block the main frame position. 

Fig.2 Scheme of the test bench adopted. Fig.5.16 Scheme of the test bench adopted. 
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The rear wheel axle support was fixed with an MTS 242 hydraulic cylinder under control 

through an specific support. 

 

 

5.2.4.7. Fatigue test method 

Cyclic loads were applied at 5 Hz. Peak loads were constantly monitored during the tests in 

order to ensure the required application of forces ranging from 0 to 4415N, accuracy ±15%. 

Peak deflections of each cylinder were constantly monitored during the tests in order to 

ensure that the deflection of the component would not increase of more than 25 % 

throughout the test.  

After the application of the corresponding number of cycles, the components were 

inspected to check for the presence of cracks. 

5.2.4.8. Failure criteria 

The presence of 5 mm cracks at any location of the frame was defined as the component 

failure. The components of the Frame were periodically inspected during working hours.  

Frame stiffness decrease during the tests was considered an indicator of a failure in 

progress. The flexibility of cracked components increases as the crack propagates, 

particularly on tubular joints when the crack length is about half the tube external 

circumference. The 25 % reduction of the initially settled stiffness of the overall frame was 

adopted as the test stop/failure criteria. 

Fig.5.17 Restraint conditions of the bench test. 
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5.2.4.9. Results 

The frame stiffness Kfz, defined as the ratio between the FZ force applied and deflection fz, 

settled during the initial cyclic tests resulted equal to 1189.93 N/mm (average). The 

maximum and minimum values obtained were Max=1231,35 N/mm, Min=1141.26 .Stiffness 

was calculated as the slope of the regression line of the different cycle token data. The 

stiffness never decreased below the -5% limit of the initial values. 

 

 

 

 

 

 

 

 

  

Fig.5.18 Stiffness tendency. 

Fig.5.18  All cycles token. 
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The +/- limit values of deflection for the failure detection were ±25% the initial values. 

Deflection never overcomes these limits. Extreme values obtained were: Max= 2.857 mm, 

Min = 2.788 mm for the positive pick values, and Max= -0.704 mm, Min= -0.916 for negative 

pick valleys (fig.6).   

 

 

To make certain the results obtained in the previous sections, was also calculated the 

hysteresis area of the different cycles. The results show that it was constant. 

 

 

 

 

 

 

 

Visual inspection of all frame welds identified no cracks. 

 

Fig.5.19 Peak valley values.   

Fig.5.20 Hysteresis loop area tendency 
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5.2.4.10. Conclusion results 

Based on the applied procedure, it can be state that:  

 

- Frame stiffness decrease during the tests was insignificant. 

- There was seen no meaning wear. 

- The J101 motorbike has passed the tests without failures.  

 

5.2.5. Handlebar fatigue test 

5.2.5.1. Introduction 

An important structural component in a motorcycle is the Handlebar. It must resist the loads 

applied by the motorist when driving. A problem in this component could suppose a fateful 

accident. To ensure the resistance of this frame a fatigue test will be done.  

5.2.5.2. Aim of the test 

 Evaluation of the Mahindra J101 Handlebar fatigue resistance after application of a 

constant amplitude fatigue tests.  Applying loads on the grip points. 

 Evaluation of the frame stiffness during the tests.  

5.2.5.3. Test requirements 

The manufacturer required: 

HANDLEBAR FATIGUE TEST: fatigue test after application of 200000 constant 

amplitude fatigue cycles at 5Hz, load pulsating from 0N to 2560N, load applied at 

the middle of the heated grip points deflected 30° from the horizontal axle (fig. 1).  

 

 

 

 

 

Fig.5.21 Handlebar fatigue test requirements. 
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5.2.5.4. Test bench description 

To satisfy the manufacturer requirements and to be able to carry out the test, was used a 

flexible bench to produce and structure to support two hydraulic cylinders used as actuators 

to produce the loads in the concrete points. The motorbike has been assembled on the 

Fatigue Test Bench as in the following pictures: 

 

 

5.2.5.5. Loading conditions 

Loads were applied by means of a 15 kN MTS 242 hydraulic cylinders. The Cylinders were 

under Displacement Control by the MTS TESTAR II m system. The displacement control 

was used instead of the Force control due to problems with the MTS TESTAR system. It 

could produce an error during the test if the stiffness of the motorbike part decreased. 

5.2.5.6. Restraint conditions 

There was developed a specific platform to fix the handlebar support in the bench. The 

screws were fixed at a force of 26Nm as the manufacturer specified by means of a torque 

wrench.  

Hydraulic cylinders were fixed in a rigid structure previous build with a 30° deflection versus 

the horizontal axle.  

To apply correctly the load, the end of the hydraulic cylinders arms were fixed with the 

middle points of the handlebar grips to transmit the load. Two rigid flanges were used to 

connect the actuators and the handlebar. 

Fig.5.22  Pictures of the test bench adopted.  
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5.2.5.7. Fatigue test method 

Cyclic loads were applied at 5 Hz. Peak loads were constantly monitored during the tests in 

order to ensure the required application of force ranging from 0N to 1375N, accuracy ±15%. 

Peak deflections of each cylinder were constantly monitored during the tests in order to 

ensure that the deflection of the component would not increase of more than 25 % 

throughout the test.  

After the application of the corresponding number of cycles, the components were 

inspected to check for the presence of cracks. 

5.2.5.8. Failure criteria 

The presence of 5 mm cracks at any location of the frame was defined as the component 

failure. The components of the frame were periodically inspected during working hours.  

Frame stiffness decrease during the tests was considered an indicator of a failure in 

progress. The flexibility of cracked components increases as the crack propagates, 

particularly on tubular joints when the crack length is about half the tube external 

circumference. The 25 % reduction of the initially settled stiffness of the overall frame was 

adopted as the test stop/failure criteria. 

5.2.5.9. Results 

The frame stiffness, defined as the ratio between applied force and deflection resulted equal 

to 128.70N/mm for the left arm and 139.12N/mm for the right arm (average). The maximum 

and minimum values obtained were Max=131.19 N/mm, Min=125.37 for the cylinder one, 

and Max=140.89, Min=136.10 for the cylinder 2. Stiffness was calculated using the peak 

values obtained during the test. 

In the next figures we can appreciate the stiffness tendency and the peak values during the 

test: 

 

 

 

 

 

  

Fig.5.23  Stifness tendency.  
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The stiffness never decreased below the -5% limit and remained practically constant along 

the test.  A difference between the left and right bars stiffness can be appreciated.  The 

force applied in the left and right points were simply different.  

Analysing the bars deflection: 

Observing the graph can be certificate 

that the displacement control worked 

well. During the test remained constant.  

The +/- limit values of deflection for the 

failure detection were ±25% the initial 

values. Deflection never overcomes 

these limits. 

Visual inspection of all frame welds 

identified no cracks. 

 

5.2.5.10. Observations 

Once realized the test, the handlebar 

was submitted to a repetition of the 

test to validate and certain the 

resistance and the results.  This 

second test was stopped due to the 

appearance of cracks in both sides of 

the support. This casts on the 

strength of this motorbike 

component. 

Fig.5.24 Handlebar test peak values. 

Fig.5 Handlebar flexion peak values. 

Fig.5.25 Handlebar flexion peak values. 

Fig.5.26 Handlebar cracks.  
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5.2.5.11. Test conclusion results 

Based on the applied procedure, it can be stated that:  

- Frame stiffness decrease during the tests was insignificant. 

- There was seen no meaning wear during the test. 

- The J101 motorbike has passed the tests without failures.  

- A second test calls into questions the handlebar resistance. 

- It is recommended to redo the test using a force control system. 
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Conclusions 

As stated, this thesis can be mainly divided in two blocks: a comparative study of different 

foams and fatigue tests in bike components. 

To summarize the results obtained in the first study, we can say that the proprieties of each 

material have been sufficiently analyzed, finding which pad performs better in each aspect. 

It has been possible to classify the materials according to their usefulness. The materials 

that have the best properties were the MS45B, M55NL, DecellB and Shock Plus. The others 

were discarded. Between these materials, depending on the conditions we want while 

snowboarding we can chose between them. The material that absorbs the vibrations best is 

the MS45B, but of the four it absorbs the last shocks. On the other hand there is the Shock 

Plus, that performed well in shocks but poorly in absorbing vibrations. The other two 

materials have intermediate proprieties. Each material can be used in a different specialty; 

for example Shock Plus for extreme freestyle/Big air, DecellB for freestyle/Half-pipe, M55NL 

for freeriding, and MS45B for slalom.   

In the second part of the thesis, different fatigue tests were carried out. Some benches were 

satisfactorily developed. During these tests, data acquisition systems were configured to 

control constantly the process. After analyzing the data we can conclude that all the parts 

passed the tests successfully (without failures). The stiffness decrease of the different 

components during the tests was insignificant and no wear was seen in the different 

components.  

 

Finally, taking general conclusions of this work, Experimental Laboratory Tests, different 

types of tests were carried out, overcoming the difficulty of changing the test bench, 

conditions, parameters, data acquisition systems and type of data analysis. Modifying and 

varying the tests did not lead to arrive in a concrete result, but have permits expanded the 

knowledge acquired. 

Doing the thesis in a language that is not mine and interacting with the technical staff of the 

lab in another language has made me do my best.  
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6. Annexes  

6.1. Matlab® code 

During the thesis different files with matlab
®
 were implemented to process the data. The 

main files used were the following; 

 To found the transfer function between the input and output signal was used the 

next code: 

close all 
clear all 

  

[filename{1,1} 

filename{1,2}]=uigetfile('*.txt','seleziona file 

accelerazione input'); 
[filename{2,1} 

filename{2,2}]=uigetfile('*.txt','seleziona file 

accelerazione output'); 
nome_analisi=input('nome analisi in corso: ','s'); 
signal_a_in=importdata([filename{1,2},filename{1,1}]); 
signal_a_out=importdata([filename{2,2},filename{2,1}]); 
clc 
fs=5000;  
q=250; N=length(signal_a_in);  
L=2*N/q  
[Pxx,f_xx] = pwelch(signal_a_in,hamming(L),[],N,fs); 
[Pyy,f_yy] = pwelch(signal_a_out,hamming(L),[],N,fs); 
Gxy = cpsd(signal_a_in,signal_a_out,hamming(L),[],N,fs); 
Gyx = cpsd(signal_a_out,signal_a_in,hamming(L),[],N,fs); 
H=(Pyy-Pxx + sqrt((Pxx-Pyy).^2 + 

4*abs(Gxy).^2))./(2*Gyx); 
Hdb= 20*log10(H); 
save(['Hdb_',nome_analisi,'.txt'],'Hdb','-ASCII'); 
save(['f_',nome_analisi,'.txt'],'f_xx','-ASCII'); 
save(['H_',nome_analisi,'.txt'],'H','-ASCII'); 
figure(1); 
plot(f_xx,20*log10(H),'Linewidth',2); 
set(gca,'Xlim',[0 100]); 
grid on 
ylabel('H [dB]'); xlabel('f [Hz]'); 
saveas(figure(1),['H_',nome_analisi,'.png']); 
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 To obtain the strain-stress curve used the following code: 
 

clear all  
close all 

  

nr_pads=input('Insert the number of pads: '); 
for i=1:nr_pads 
pad_name{i}=input(['pad_',num2str(i),' name: '],'s'); 
end 
for i=1:nr_pads 
    [filename{i,1} 

filename{i,2}]=uigetfile('*.txt',['test file selection, 

pad ',num2str(i)]); 
    end 
for i=1:nr_pads 
    data{i} = importdata([filename{i,2},filename{i,1}]); 
    dist{i}=data{i}(:,1); 
    forca{i}=data{i}(:,2); 
end 
color{1}=[1 1 0]; %yellow 
color{2}=[1 0 1]; %magenta 
color{3}=[0 1 1]; %cyan 
color{4}=[1 0 0]; %red 
color{5}=[0 1 0]; %green 
color{6}=[0 0 1]; %blue 
color{7}=[1 .5 0]; %sky blue 
color{8}=[0 0 0]; %black 

  

figure(1); 
hold on 
grid on 
for i=1:nr_pads 
    plot(dist{i},forca{i},'color',color{i}); hold on 
end 
grid on 
legend(pad_name,'Location','NorthWest'); 
set(gca,'Xlim',[0 0.35]) 
ylabel('Stress \sigma[Kpa]'); xlabel('Strain 

\epsilon');title('All materials'); 
legend(pad_name,'Location','NorthWest'); 
saveas(figure(1),['curba','tots els materials','.png']); 
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 To calculate the hysteresis loop area and parameters: 

close all 
clear all 
%carreguem data 
[filename{1,1} filename{1,2}]=uigetfile('*.txt',['test file 

selection, pad ']); 
a=importdata([filename{1,2},filename{1,1}]) ; 
%nom=input('Insert the name'); 
strain=0.06886; 
%data in columns 
time=a(:,1); mm=strain-a(:,2)/10 ; n=-a(:,3)/10; 
b=[]; 
for i=1:30 
    if i<21 
        b(i)=i; 
    else 
        b(i)=20+(i-20)*2; 
    end 
end 
area=[]; 
for i=1:30 
    g=[]; h=[]; 
    sec=30*(i-1)+15; 
    figure(i); 
    

%plot(time(sec*1024:sec*1024+1024),mm(sec*1024:sec*

1024+1024)); 
    hold on 
    grid on 
    

%plot(mm(sec*1024:sec*1024+1024/b(i)),n(sec*1024:se

c*1024+1024/b(i))); 
    g=mm(sec*2048:sec*2048+2048/b(i)); 
    h=n(sec*2048:sec*2048+2048/b(i)); 
    area(i)=polyarea(g,h); 
    fill(g,h,'r'); 
    x1=10; x2=10; index1=1; index2=1; 
    for z=1:round(length(g)/2) 
        if abs(g(z)-strain)<x1 
            x1=abs(g(z)-strain); 
            index1=z; 
        end 

    end 
    for z=round(length(g)/2):length(g) 
        if abs(g(z)-strain)<x2 
            x2=abs(g(z)-strain); 
            index2=z; 
        end 
    end 
    %find point of intersection 

     

    pendent1=(h(index1)-h(index1-1))/(g(index1)-g(index1-1)); 
    pendent2=(h(index2)-h(index2-1))/(g(index2)-g(index2-1)); 
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    c1=h(index1)-pendent1*g(index1); 
    c2=h(index2)-pendent2*g(index2);  %ja tinc les rectes 

     

    y1=pendent1*strain+c1; 
    y2=pendent2*strain+c2; 
    %regresion 

     

    p{i}=polyfit(g,h,1); 
    x=strain-0.065:0.01:strain+0.065; 
    y=p{i}(2)+x.*p{i}(1); 
    plot([strain strain],[y1 y2],'g'); 
    plot(x,y,'y','LineWidth',2); 
    plot([strain strain],[y1 y2],'ko'); 

     

    %ploting tangent lines 
    %x=0.11:0.01:0.23; 
    %y11=x.*pendent1+c1; 
    %y21=x.*pendent2+c2; 
    %plot(x,y11,'b',x,y21,'b'); 
    %ploting errore lines 
    %plot([g(index1) g(index2)],[h(index1) h(index2)],'g'); 
    %plot([g(index1) g(index2)],[h(index1) h(index2)],'ko'); 
    dist(i)=abs(y1-y2); 

             

    legend([ 'Area'  num2str(area(i))],['Dist ' 

num2str(dist(i))],['Slope ' 

num2str(p{i}(1))],'Location','NorthWest'); 
    xlabel('Strain \epsilon') 
    ylabel('Stress \sigma [Kpa]') 

   

    title(['Assay ' num2str(b(i)) ' Hz']); 
    saveas(figure(i),['ona',num2str(b(i)),'Hz','.png']); 
end 

  

%conversion of p to slope 
for i=1:30 
    s(i)=p{i}(1); 
end 
figure(i+1); 
hold on 
grid on 
plot(b,area); 
plot(b,dist/10,'g'); 
plot(b,s/500,'y','LineWidth',2); 
legend('Area','Dist/10','Slope/500','Location','SouthEast') 
xlabel('f[Hz]'); ylabel('Area/Dist'); 
saveas(figure(i+1),['ona' '0-40 Hz' '.png']); 
area_dist_slope=[area;dist;s]; 
area_dist_slope=area_dist_slope'; 
%save([nome_analisi,' upper','.txt'],'area_pos','-ASCII'); 
save('area_dist_slope.txt','area_dist_slope','-ASCII'); 

Some other different files were also produced too calculate other parameters and to pre 

process the data obtained by the sensors. 
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6.2. Benches development  

During the development off the benches, different tests supports and modifications were 

made.  Before initialize any test everything needed to be checked and aligned.  

To fix the pads in the bench was need to develop distinct plates: 

 

During the motorbike test some others supports were needed to be produced. 

To apply the loads in the motorbike saddle was needed a support to fulfill the 

requirements imposed by the manufacturer: 

 

To block the shock absorbers to enable prosecute doing the test they were changed by 

rigid ones, produced by the manufacturer:  
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