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ABSTRACT 

 

 

 

The project is an experimental study for the steering wheel of a Formula Varsity 

Race Car UTeM 2010. The problem identified is the result of vibration on the steering 

wheel causing discomfort to the driver. Thus, to solve the problem, experiments have 

been conducted on the steering wheel to analyze the experiment in free-free boundary 

and the constraint condition. For the experiment in a free-free boundary condition, the 

steering wheel which is free movement will knock by impact hammer. For the 

experiments in a constraint condition, steering wheel fix at steering column will knock 

by impact hammer. For the behaviour of Formula Varsity steering wheel vibration, the 

analysis of the highest vibration level was conducted in static condition. The natural 

frequency of the steering wheel UTeM Formula Varsity Race Car 2010 is 160 Hz and 

the highest vibration level of steering wheel analysis gives over than 2m/s² which are an 

extremely uncomfortable to the driver. Finally for the conclusion, a lot of new 

experience and knowledge have gather during the period of time for this project. 
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ABSTRAK 

 

 

 

Tujuan dan matlamat projek ini ialah untuk mengkaji terhadap getaran pada roda 

stereng bagi kereta lumba Formula Varsity UTeM 2010. Getaran pada roda stereng 

telah menyebabkan ketidakselesaan kepada pemandu. Justeru itu, bagi mengkaji 

masalah tersebut, beberapa eksperimen telah dilakukan antaranya eksperimen 

menganalisis roda stereng dalam keadaan bebas dan keadaan tetap. Bagi eksperimen 

roda stereng dalam keadaan bebas, ini bermakna roda stereng bagi kereta lumba tersebut 

akan digantung pada meja kerja dan bebas bergerak. Manakala, bagi eksperimen roda 

stereng dalam keadaan tetap, ia akan di pasangkan pada batang stereng kereta lumba. 

Kajian juga dilakukan terhadap tahap getaran yang paling tinggi dihasilkan oleh kerete 

lumba tersebut. Oleh itu, perilaku roda stereng bagi kereta lumba lumba dapat dikenal 

pasti. Keputusan yang diperoleh mendapati bagi frekuensi semulajadi bagi roda stereng 

tersebut adalah 160Hz dan perilaku roda stereng telah melebihi 2m/s² iaitu amat tidak 

selesa mengikut garis panduan (ISO) kepada pemandu. Akhirnya, untuk kesimpulan, 

banyak pengalaman baru dan pengetahuan yang telah mengumpulkan selama tempoh 

masa projek ini. 

 

 

 

 

 

 

 



vii 
 

 

 

 

TABLE OF CONTENTS 

 

 

 

CHAPTER TITLE 

 

PAGE 

 DECLARATION ii 

 DEDICATION iii 

 ACKNOWLEDGEMENT iv 

 ABSTRACT v 

 ABSTRAK vi 

 TABLE OF CONTENTS vii 

 LIST OF TABLE xi 

 LIST OF FIGURES xiii 

 LIST OF SYMBOLS xvii 

 LIST OF APPENDICES 

  

xviii 

     

CHAPTER I INTRODUCTION 1 

 1.1 Background 1 

 1.2 History 2 

  1.3 Formula Varsity Objective 4 

 1.4 Problem Statement 5 

 1.5 Objectives  5 



viii 
 

 1.6 Scopes  5 

CHAPTER II LITERATURE REVIEW 6 

 2.1 Steering System  6 

 2.2 Steering System Components  7 

  2.2.1 Steering Wheel 7 

  2.2.2 Steering Column 8 

  2.2.3 Steering Gear 9 

  2.2.3.1 Recirculating Ball Steering 9 

  2.2.3.2 Rack and Pinion Steering 10 

  2.2.3.3 Hydraulic Power Steering 11 

  2.2.3.4 Electric power Steering 12 

 2.3 Vibration 13 

 2.4 Human Vibration 13 

 2.5 Whole Body Vibration 14 

 2.6 Hand arm Vibration 15 

 2.7 Carpal tunnel Syndrome 16 

 2.8 Steering Wheel Vibration  17 

 2.9 Dactron  17 

  2.9.1 Modal Analysis Demo Kit  17 

  2.9.2 RT Pro Software  18 

CHAPTER III   METHODOLOGY 19 

 3.1   Introduction 19 

 3.2 Experimental analysis of the steering wheel for 

free-free boundary condition 

21 

  3.2.1 Objective 21 



ix 
 

  3.2.2 Theory 21 

  3.2.2.1 Modal analysis 

 

21 

  3.2.2.2 Natural frequency 21 

  3.2.3 Apparatus       23 

  3.2.4 Procedures      26 

 3.3 Experimental analysis of the steering wheel for 

constraint condition 

     30 

    3.3.1 Objective      30 

  3.3.2 Apparatus      30 

  3.3.3 Procedures 32 

 3.4 Experimental to analyze the highest vibration 

level for a Formula Varsity race car in static 

condition 

35 

  3.4.1 Objective 35 

  3.4.2 Apparatus 35 

  3.4.3 Procedures 37 

CHAPTER IV   RESULT AND ANALYSIS 41 

 
 4.1 Introduction 41 

 4.2 Experimental analysis of the steering wheel for 

free-free boundary condition 

41 

 4.3 Experimental analysis of the steering wheel for 

constraint condition 

 

42 

 4.4 Highest vibration level experiment at 1200rpm 43 

 4.5 Highest vibration level experiment at 2000rpm 44 

 4.6 Highest vibration level experiment at 3000rpm 45 

 4.7 Highest vibration level experiment at 4000rpm 46 



x 
 

CHAPTER V DISCUSSION       50 

CHAPTER VI   CONCLUSION AND RECOMMENDATION 52 

 6.1 Conclusion 52 

 6.2 Recommendation 53 

 REFERENCES 54 

 BIBLIOGRAPHY 58 

 Appendix A Planning and execution task  59 

 Appendix B Graph of experiment analysis of the    

                      steering wheel for free-free boundary  

                      condition 

 

61 

 Appendix C Graph of experiment analysis of the  

                      steering wheel for constraint condition 

 

62 

 Appendix D Graph of experiment to analyze the  

                      highest vibration level in static condition  

                      at 1200rpm ( Idle ) 

 

63 

 Appendix E Graph of experiment to analyze the  

                      highest vibration level in static condition  

                      at 2000rpm  

 

64 

 Appendix F Graph of experiment to analyze the    

                      highest vibration level in static condition  

                      at 3000rpm 

65 

 Appendix G Graph of experiment to analyze the   

                      highest vibration level in static condition  

                      at 4000rpm 

66 

 

 

 

 

 

 



xi 
 

 

 

 

 

LIST OF TABLES 
 

 

 

TABLE TITLE 

 

PAGE 

2.1 ISO standards with respect to the vibration exposure and 

its effects on health of the driver/rider 

(Source: Shivakumara BS, Sridhar V. 2010) 

 

15 

4.1 Table natural frequency for experimental analysis of the 

steering wheel for free-free boundary condition 

41 

4.2 Table natural frequency for experimental analysis of the 

steering wheel for constraint condition 

42 

4.3 Table natural frequency and amplitude for highest 

vibration level experiment at idle condition 

43 

4.4 Table natural frequency and amplitude for highest 

vibration level experiment at 2000rpm 

44 

4.5 Table natural frequency and amplitude for highest 

vibration level experiment at 3000rpm 

45 

4.6 Table natural frequency and amplitude for highest 

vibration level experiment at 4000rpm 

46 

4.7 Table of analyze amplitude against natural frequency in 

static condition 

47 

4.8 Table of highest vibration level at 3000rpm 48 

5.1 Comparison of constraint condition and static condition 50 



xii 
 

5.2 Table of (ISO) guidelines relating magnitude to comfort 

for passengers on public transport 

(Source: Robyn Hopcroft and Michael Skinner, 2005) 

 

51 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xiii 
 

 

 

 

LIST OF FIGURES 

 

 

 

FIGURE TITLE 

 

PAGE 

1.1    Catia Drawing of Formula Varsity race car 1 

1.2   Formula Varsity race cars 2010 2 

1.3 Formula SAE car 

(Source: http://www.cardomain.com/ride/3227117/2008-

honda-600) 

2 

1.4 Adams car for Formula SAE vehicle 

(Source: 
http://www.mscsoftware.com/university/view_success_stor
y.cfm?storyId=2) 

3 

1.5 Formula Varsity UTeM 2010 logo 

(Source: http://formulavarsity.utem.edu.my/) 

4 

1.6 Formula Varsity race day 2010 4 

2.1 

 

 
 

Steering system 

(Source: 

http://www.jtekt.co.jp/e/images/products/steering/steering_

top.jpg) 

6 

2.2 (a) 2 spoke, (b) 3spoke, (c) 4spoke 

(Source (a): 

http://www.mmsport.com.au/_linkedimages/thumb/Dished

-2-Spoke-Leather_459.jpg?cache=20091109182356) 

(Source (b): 

http://www.ogracing.com/images/products/1307-

7 



xiv 
 

SPARCO-NAXOS-STEERING-WHEEL.jpg) 

(Source (c): http://i39.tinypic.com/2jchai0.jpg) 

2.3 Steering column 

(Source: 

http://2.bp.blogspot.com/_YWVAE76hNFQ/SnKkJgWzbv

I/AAAAAAAAANE/TkToslpsG_s/s200/steering_column_

large.gif) 

9 

2.4 Cross-sectional view of the recirculating ball gear 

(Source: 

http://www.imperialclub.com/Repair/Steering/ball.gif) 

10 

2.5 All the rack and pinion components 

(Source: 

http://www.imperialclub.com/Repair/Steering/exposed.jpg) 

10 

2.6 Fluid power steering work 

(Source: 

http://www.me.cmu.edu/ctms/modeling/hydraulic/overvie

w/powersteering%20system.jpg) 

11 

2.7 EPS flowchart 

(Source: 

http://www.aa1car.com/library/electric_steering_toyota_pri

us.gif) 

12 

2.8 Oscillation of a person on a swing 
(Source: Safetyline Institute, 2009) 

13 

2.9 Whole body vibration on surface  

(Source: http://3-b-

s.eu/body%20vibration%20machine%20reviews.html) 

14 

2.10 Whole body vibration on vehicle 

(Source: http://www.consultnet.ie/vibration.htm) 

14 

2.11 Types of grip Finger grip and palm grip 

(Source: Giacomin, 2002) 

15 

2.12 Anatomy of the hand 
(Source: http://www.chiropractic-help.com/carpal-tunnel-

syndrome.html) 

16 



xv 
 

2.13 Vibration stimuli acting in the vehicle environment 
(Source: J. Giacomin and O.Abrahams, 2000) 

17 

2.14 Portable Dynamic Signal Analyzer 
(Source: http://news.thomasnet.com/fullstory/Dynamic-

Signal-Analyzer-includes-USB-2-0-interface-546741) 

18 

3.1 Flow chart of the project 20 

3.2 Accelerometer 23 

3.3 3 spoke of Formula Varsity Race Car 23 

3.4 Steel honeycomb optical table 23 

3.5 Impact hammer and Portable FFT Analyzers 24 

3.6 Laptop had shown the data acquisition 24 

3.7 Glue 24 

3.8 5mm Hexagon Nut 25 

3.9   Rope 25 

3.10 Marked point 26 

3.11 The rope position 26 

3.12 The connection between accelerometer and Bayonet Neill 
Concelman (BNC) Cable 

27 

3.13 The FV Race Car steering wheel was hanging up 27 

3.14 The attachment between accelerometer and hexagon nut 27 

3.15 Knocking progress 29 

3.16 Graph and magnitude reading 29 

3.17 The Formula Varsity Race Car 30 

3.18 Accelerometers 30 

3.19 3 spoke of FV Race Car steering wheel 31 

3.20 Impact hammer and Portable FFT Analyzers. 31 



xvi 
 

3.21 Laptop with RT pro software 31 

3.22 The location for accelerometers at (a) Steering wheel and 
(b) Steering column 

32 

3.23 Knocking progress 34 

3.24 Graph and magnitude reading 34 

3.25 The Formula Varsity Race Car 35 

3.26 Accelerometers 36 

3.27 3 spoke of FV Race Car steering wheel 36 

3.28 Portable FFT Analyzers 36 

3.29 Laptop with RT pro software 37 

 3.30 The position for accelerometers at (a) Steering wheel, (b) 
steering column and (c) Mounting engine 

37 

 3.31 Rotation of engine speed at idle condition  39 

3.32 Record session 39 

3.33 Rotation of engine speed at (a) 2000rpm, (b) 3000rpm and 
(c) 4000rpm 

40 

4.1 Graph of amplitude against natural frequency in static 
condition 

48 

4.2 Graph of amplitude against natural frequency at 3000rpm 49 

 

 

 

 

 

 

 



xvii 
 

 

 

 

LIST OF SYMBOLS 

 

 

 

k =     Stiffness of shaft or system, N/m 

m =     mass, kg 

       Hz =     Hertz 

f =     Frequency, Hz 

fn =     Natural frequency, Hz 

 g  =     Standard gravitational constant, m/s² 

 

 

 

 

 

 

 

 

 

 

 

 

 



xviii 
 

 

 

 

LIST OF APPENDICES 

 

 

 

NO TITLE 

 

PAGE 

A Planning and execution task 58 

B Graph of experiment analysis of the steering wheel for free-

free boundary condition 

61 

C Graph of experiment analysis of the steering wheel for 

constraint condition 

62 

D Graph of experiment to analyze the highest vibration level in 

static condition at 1200rpm ( Idle ) 

63 

E Graph of experiment to analyze the highest vibration level in 

static condition at 2000rpm 

64 

 F  Graph of experiment to analyze the highest vibration level in 

static condition at 3000rpm 

65 

G Graph of experiment to analyze the highest vibration level in 

static condition at 4000rpm 

66 

 



1 
 

  

 
 
 

CHAPTER I 

 

 

 

INTRODUCTION 

 

 

 

1.1 BACKGROUND 

 

 UTeM Formula Varsity is an international student racing competition that 

challenges students to design, manufacture and race their single seat open-wheel 

formula style racing car in real track condition. This event is inspired by similar 

student based formula style racing events such as Formula SAE and Formula 

Student.  

 

 
Figure 1.1: Catia Drawing of Formula Varsity race car. 

 

 The aim of the event is to provide a platform for Malaysian students with 

interest in motorsport engineering to put into practice their engineering knowledge 

and skills in developing a working model of a formula style racing car. The event 

hope to foster the tie and collaboration between all Malaysian and international 

higher education institutions especially among the students as well as to help create 

the needed competent human capitals for our country automotive industries. 
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Figure 1.2: Formula Varsity race cars 2010. 

 

 

 

1.2 HISTORY 

 

 The original of this program comes from the Formula SAE competition held 

in the United States and Canada. Although the car was developed in a small car size, 

it is not a race car in the true sense, it can be regarded as a mini-F1 of the university. 

This championship challenge engineering students to design, build and compete with 

the engine racing formula style. The competition is to provide opportunities for 

teams from a university to demonstrate and prove their engineering skills against 

teams from other universities. For automotive companies, this tournament is an 

opportunity to identify and recruit prospective graduates to serve with them.  

 

 
Figure 1.3: Formula SAE car. 

(Source: http://www.cardomain.com/ride/3227117/2008-honda-600) 
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 Formula SAE is a specific form of a student competition relating to design. 

Design competitions can be technical or purely aesthetic. The objective of technical 

competitions is to introduce students to real-world engineering situations and to teach 

students project-management and fabrication techniques used in industry. Aesthetic 

competitions usually require art and design skills. Both students and industry benefit 

from intercollegiate design competitions. Each competition allows students to apply 

the theories and information they have learning in the class room to real situations. 

Industry gains better prepared and more experienced engineers. 

 

 

Figure 1.4: Adams car for Formula SAE vehicle. 

(Source: 
http://www.mscsoftware.com/university/view_success_story.cfm?storyId=2) 

 

 The concept behind Formula SAE is that a fictional manufacturing company 

has contracted a student design team to develop a small Formula-style race car. The 

prototype race car is to be evaluated for its potential as a production item. The target 

marketing group for the race car is the non-professional weekend autocross racer. 

Each student team designs, builds and tests a prototype based on a series of rules, 

whose purpose is both ensuring on-track safety (the cars are driven by the students 

themselves) and promoting clever problem solving. 

 

 

 

 

http://en.wikipedia.org/wiki/Student_competition
http://en.wikipedia.org/wiki/Engineering
http://en.wikipedia.org/wiki/Formula_One
http://en.wikipedia.org/wiki/Race_car
http://en.wikipedia.org/wiki/Autocross
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Figure 1.5: Formula Varsity UTeM 2010 logo 

(Source: http://formulavarsity.utem.edu.my/) 

 

1.3 FORMULA VARSITY OBJECTIVES 

 

1. To give the realistic exposure to the student in the aspect of 

automotive engineering and product development in general.  

2. To test the student creative thinking and robustness as this program 

involved the soft skills and also apply the classroom textbook theories 

to the real working experience.  

3. To search for prospective motorsport racer and engineers. 

4. To promote career and excellence in motorsport industry. 

 

 
Figure 1.6: Formula Varsity race day 2010. 
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1.4 PROBLEM STATEMENT  

 

 Vibration of steering wheel for UTeM Formula Varsity Race Car gives 

discomfort to the driver. The vibration response of the steering may not present a 

hazard but the vibration that transmitted to the hand-arm can cause discomfort, 

annoyance and fatigue (J. Giacomin and O. Abrahams, 2000). This will lead to 

Carpal Tunnel Syndrome if the vibration level is too high.  

 

 

 

1.5 OBJECTIVES 

 

1. To conduct experimental modal analysis for Formula Varsity steering 

wheel. 

2. To study the behaviour of Formula Varsity steering wheel vibration. 

 

 

 

1.6 SCOPES 

 

1. UTeM Formula Varsity Race Car vehicle. 

2. Experimental analysis of the steering wheel for free-free boundary 

and constraint condition.  

3. To analyze the highest vibration level for a Formula Varsity race car 

in static condition.  
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