
i

FINAL PROJECT

STABILITY ANALYSIS OF DAIHATSU XENIA 
1.3 Xi M/T WHEN TURNING TO SUPPORT 

SMART DRIVING PROGRAM

RESEARCH PAPER

Submitted as a Partial Fulfillment of the Requirements for Getting
the Bachelor Degree of Engineering in Mechanical Engineering Department

Arranged by:
NUR MUHAMMAD HAWARI

D200 080 209

MECHANICAL ENGINEERING DEPARTMENT
INTERNATIONAL PROGRAM

IN AUTOMOTIVE/MOTORCYCLE ENGINEERING
MUHAMMADIYAH UNIVERSITY OF SURAKARTA

February 2012



ii

APPROVAL

The research paper entitled “STABILITY ANALYSIS OF DAIHATSU 

XENIA 1.3 Xi M/T WHEN TURNING TO SUPPORT SMART DRIVING 

PROGRAM”,has been agreed by supervisor and authorized by the 

Director of International Program as partial fulfillment of the requirements 

for getting the Bachelor Degree of Engineering in Mechanical 

Engineering Department of Muhammadiyah University of Surakarta.

Written by:

Name : Nur Muhammad Hawari

NIM : D 200 080 209

Has Approved and legalized on:

Day :

Date :

ACCEPTANCE

Consultant II,

(Wijianto,ST.M.Eng.Sc)

Consultant I,

(Ir. Pramuko IP, M.T.)

Admitted by,
Head of Department

(Ir. Sartono Putro, M.T.)



iii

The Final Project entitle “Stability Analysis of Daihatsu Xenia 1.3 Xi

M/T When Turning To Support Smart Driving Program” has been 

defended in front of examiners team and approved as a partial fulfillment 

of the requirements for getting the Bachelor Degree of Engineering in 

Mechanical Engineering Department of Muhammadiyah University of 

Surakarta.

Written by:

Name : Nur Muhammad Hawari

NIM : D 200 080 209

Has Approved and legalized on:

Day :

Date :

Team of Examiners:

Chair Person : Ir. Pramuko IP, M.T. (   )

Secretary : Wijianto, ST, M. Eng. Sc(    )

Member : Dr. Supriyono (    )

Dean of Mechanical 
Engineering,

(Ir. AgusRiyanto, M.T.)

Head of Department,

(Ir. Sartono Putro, M.T.)



iv

TESTIMONY

With this, I state that there is no plagiarism of the 

previous works which have been made to get bachelor degree of 

university and as long as the writer knows that there is also no 

work or opinion that ever been composed or published by other 

people, except referred written in this research paper mentioned in 

bibliography.

Hence, if it is proved that there is mistake in the writer’s 

statements I will be wholly responsible.

Surakarta, February 2012

The writer

Nur Muhammad Hawari

D 200 080 209



v

MOTTO

[5] For indeed, with hardship [will] be ease, [6] Indeed, 

with hardship [will be] ease (QS Al-Insyirah: 5-6)

Let there arise out of you a group of people inviting to 

all that is good (Islam), enjoining Al-Ma’ruf and 

forbidding Al-Munkar.  And it is they who are the 

successful. (QS Ali Imran:104)

Allah burdens not a person beyond his scope. He gets 

reward for that (good) which he has earned, and he 

is punished for that (evil) which he has earned. 

(QS Al-Baqarah:286)

The best person is the person who is the most 

beneficial for others. (Narrated by Bukhori)

Many People say that the intelligence that make the 

great scientist. They are mistaken, it is the 

character. (Albert Einstein)

There is a way to make it better, find it.

(Thomas A. Edison)



vi

DEDICATION

This research paper is dedicated to:

Allah SWT,
Thanks for the best everything that You have given for me 
and thanks for Your love that always make me to never give 

up to do the best.
I believe that You will always give me the best for 

everything.

My beloved Mom and Dad,
Thanks for your prayer, love and support.

You always give me happiness but often I made you 
disappointed.

I am sorry and I promise to give you the best in the future.

My Sibling (AzisIndraImawan),
Thanks for your supports.

Thanks for your love, support, spirit, attention and care.
You make my burden lighter.

                       My Soulmate (RiszaFawziaRakhmah),

Thanks for your love, support, spirit, attention, care and 

advices.

All my family,
Thanks for your prayer, love, support and everything.

All my friends,
Thanks for your support and love me.



vii

ACKNOWLEDGMENT

AssalamualaikumWr.Wb

Alhamdulillahirabbil’alamin. First, the writer would like to praise to 

Allah SWT, the Lord of universe, for blessing and guiding the writer to 

accomplish the research paper as a partial fulfillment of the 

requirements for getting bachelor degree in Mechanical Engineering, 

Muhammadiyah University of Surakarta. The writer also realizes that 

this amazing moment cannot come true without the help and support 

of other people. Therefore, writer sincerely would like to say thank and 

appreciation to:

1. Ir. Agus Riyanto, M.T. as the dean of Engineering Department, 

Muhammadiyah University of Surakarta.

2. Ir. Sartono Putro, M.T. as the Head of Mechanical Engineering, 

Muhammadiyah University of Surakarta.

3. Ir. Pramuko IP, M.T. as the first consultant who has guided and 

advised me smartly from the beginning to the end of this 

research paper.

4. Wijianto, ST, M. Eng. Sc as the second consultant who has 

corrected and given advice in the process of making this 

research paper.



viii

5. All the lecturers of Mechanical Engineering in Muhammadiyah 

University of Surakarta who have given knowledge during the 

study.Thanks for the knowledge you shared to me. 

6. His Mom(Paini) and Dad(Ngatimin) who always prays and

support the writer, for care, money, love and everything. 

Hopefully, the writer would make them happy and do the best for 

them.

7. His brother (Azis) for pray, funny and support.

8. His Soulmate(Risza Fawzia Rakhmah) thanks for love, support,

sharing and advices.

9. His roommate (past: Jonas and now:Galuh) for sharing and 

support.

10. All his beloved friends in Automotive Engineering especially 

writer’s classmate ’08 as the second generation (Abduh, 

Khanif, Faisal, Lucki, Rudi, Fikri, Dhanil, Asep), thanks for 

nice friendship and they’re my best friend forever.

11. All his senior friends in Automotive Engineering ’07 as the 

first generation (Amar, David, Aldi, Soni, Iqbal, Gunawan, I 

Rifqi, Tunggul, Binyamin, Jonas), thanks for nice guided.

12. His friends who has helped to know about radius of road 

(T.Sipil: Rifzal/Ibang, Ardi P, Finca Rosea) thanks for help to 

get new knowledge.  



ix

13. All students of International program of Automotive Department, 

thanks a lot for the support, hope we can the best engineer.

14. Those who can not to be mentioned one by one for every helping 

in accomplishing this research paper. Thanks a lot for all.

The writer realizes that this research paper is far from being perfect, so 

the writer sincerelywelcomes any constructive comment, criticism, and 

suggestion from anyone. Finally, he hopes that this research paper 

would help the other researchers and driver who are interested in 

studying translation and enrich the reader, also driver of car

knowledge.

WassalamualaikumWr. Wb.

Surakarta, February 2012
The writer

Nur Muhammad Hawari



x

CONTENT

Page

TITLE...................................................................................................... i

APPROVAL ........................................................................................... ii

ACCEPTANCE ....................................................................................... iii

TESTIMONY........................................................................................... iv

MOTTO................................................................................................... v

DEDICATION.......................................................................................... vi

ACKNOWLEDGMENT............................................................................ vii

ABSTRACT............................................................................................. x

CONTENT .............................................................................................. xi

LIST OF FIGURES ................................................................................. xv

LIST OF TABLES ................................................................................... xvii

CHAPTER I: INTRODUCTION  

1.1. Background ....................................................................... 1

1.2. Problem Statement ............................................................ 2

1.3. Objective ........................................................................... 2

1.4. Methodology Research ...................................................... 2

1.5. Assumption and Problem Limitation .................................. 3

1.6. Systematic Writing.............................................................. 3 



xi

CHAPTER II: REVIEW OF LITERATURE

2.1. Study of Literature ............................................................. 5

2.2. Fundamental of Theory .....................................................      6

2.2.1 Kind ofcarmovements ..............................................      7

a. Pitching............................................................ 7

b. Rolling.............................................................. 7

c. Bouncing.......................................................... 8

d. Yawing............................................................. 8

e. Scuff Change................................................... 9

f. Jacking effect................................................... 9

g. Squat ............................................................... 10

h. Tail lift .............................................................. 10

2.2.2 Phenomenon when car turning................................ 10

a. The way to overcome oversteer ...................... 12

2.2.3 Toppling and Skidding ............................................. 13

a. Toppling........................................................... 13

b. Skidding........................................................... 14

2.2.4 Classification of the vehicle and turning radius........ 14

a. Classification of the vehicle........................... 14

b. Turning Radius.............................................. 16

2.2.5 Smart Driving........................................................... 19

a. Smart driving when the vehicle turning ......... 20

2.2.6 Braking System........................................................ 21



xii

2.2.7 Center of gravity and Roll center ............................. 22

2.2.8 Inertia Force ............................................................ 24

2.2.9 Centrifugal Force ..................................................... 25

CHAPTER III: RESERCH METHODOLOGY

3.1 Flow Chart of Research...................................................... 26

3.2 Determining and Location of Point Vehicle Weight (cg) ..... 27

3.2.1 Toppling to the longitudinal direction ....................... 27

3.2.2 Slip to the longitudinal direction ............................... 29

3.2.3 Toppling to the lateral direction................................ 30

3.2.4 Skidding to the lateral direction................................ 31

3.2.5 Critically speed when lateral skidding ...................... 34

3.2.6 Critical Toppling....................................................... 35

3.2.7 Critical Skidding....................................................... 37

CHAPTER IV: CALCULATION ANALYSIS

4.1 Vehicle Dimension.............................................................. 38

4.2 The Calculation of Center Gravity ..................................... 40

4.2.1 Center gravity Vehicle with driver (1100 Kg)............ 40

4.2.2 Total Weight Vehicle (1570 kg) ................................ 42

4.3 Calculation of critical speed when toppling and skidding.... 44

4.3.1 Curb Weight Vehicle with driver (1100 Kg) .............. 44



xiii

4.3.2 Total Weight Vehicle (1570 kg) ................................ 50

CALCULATON RESULT and ANALYSIS................................... 56

CALCULATON RESULT ............................................................ 56

ANALYSIS.................................................................................. 57

CHAPTER V: CONCLUSION AND SUGGESTION

5.1 Conclusion ......................................................................... 61

5.2 Suggestion ........................................................................ 62

BIBLIOGRAPHI ..................................................................................

APPENDIX



xiv

LIST OF FIGURES

Page

Figure 2.1 Kind of car movements by axis .......................................... 7

Figure 2.2 Pitching of car movement .................................................. 7

Figure 2.3 Rolling of car movement ..................................................... 8

Figure 2.4 Bouncingof car movement ................................................. 8

Figure 2.5 Yawing of car movement  .................................................. 8

Figure 2.6 Scuff of car movement........................................................ 9

Figure 2.7 Jacking effect of car movement .......................................... 9

Figure 2.8 Squat of car movement  ..................................................... 10

Figure 2.9 Tail Lift of car movement  ................................................... 10

Figure 2.10 Phenomenon of car turning............................................... 11

Figure 2.11 Phenomenon of car turning............................................... 11

Figure 2.12 Phenomenon of oversteer when the car turning ............... 12

Figure 2.13 a, b, c,  the illustration of toppling ..................................... 13

Figure 2.14 The dimension of small vehicle......................................... 15

Figure 2.15 The dimension of medium vehicle .................................... 15

Figure 2.16 The dimension of big vehicle ............................................ 16

Figure 2.17 A turn with the turning radius being r ................................ 17

Figure 2.18 The dimension of small vehicle......................................... 18

Figure 2.19 Brake Constructions ......................................................... 21

Figure 2.20 Center of gravity ............................................................... 22

Figure 2.21 Centrifugal Force .............................................................. 25



xv

Figure 3.1 Toppling to the longitudinal direction .................................. 27

Figure 3.2 Slip to the longitudinal direction .......................................... 29

Figure 3.3 Toppling to the lateral direction........................................... 30

Figure 3.4 Illustration of vehicle when turning by radius of road .......... 32

Figure 3.5 Critical Toppling .................................................................. 35

Figure 3.6 Critical Skidding .................................................................. 37

Figure 3.5 Critical Toppling .................................................................. 35

Figure 3.6 Critical Skidding .................................................................. 37

Figure 4.1 Dimension vehicle............................................................... 39

Figure 4.2 Chart of Radius Vs V Toppling............................................ 57

Figure 4.3 Chart of Radius Vs V Skidding (1570 Kg)........................... 58

Figure 4.4 Chart of Radius Vs V Skidding (1100 Kg)........................... 59



xvi

LIST OF TABLES

Page

Table 1.Dimension of vehicle plan ....................................................... 15

Table 2.Radius minimum of road ......................................................... 44

Table 3.Coefficient grip  ...................................................................... 44

Table 4.Radius minimum of road ......................................................... 50

Table 5.Coefficient grip  ...................................................................... 50

Table 6.Critical speed when toppling ................................................... 56

Table 7.Critical speed when skidding  ................................................. 56



xvii

ABSTRACT

NUR MUHAMMAD HAWARI. D 200 080 209. STABILITY ANALYSIS OF 
DAIHATSU XENIA 1.3 Xi M/T WHEN TURNING TO SUPPORT SMART 
DRIVING PROGRAM.
MUHAMMADIYAH UNIVERSITY OF SURAKARTA. 2012.

The premise of this research is to estimate the speed of vehicles 

when turning in certain radius of road, indirectly will support smart driving 

because the driver can be estimate how fast the vehicle should be run 

when turning. When vehicles turning arose centrifugal force and moment in 

the wheel, it can make slip angle in the wheel. The magnitude effect of slip 

angle wheel decided the stability movement in vehicles. Generally the 

greater influence of slip angle wheel will disturb the stability of vehicles. On 

other slip parameter, the most important consider stability is roll axis 

movement in a vehicle, which condition of occurrence if one in front or rear 

wheel lift.    

This research used Daihatsu Xenia 1.3 Xi M/T, the type passenger 

car. Collected all the data, the writer use two different weight: total weight 

vehicle (1570 Kg) and Curb vehicle with driver (1100 Kg). Analysisdoneby 

knowingthe critical speed ofthe vehicle ever in toppling and skidding but 

withthe sameradius of road which in radius 15 m, 50 m, 110 m, 370 m, 600 

m and on the dry and wet condition of asphalt track. for coefficient grip of 

dry and wet of asphalt track has taken by dry: 0.8 and wet: 0.45.

From the calculation and comparison of the critical speed when 

toppling at 1570 Kg and 1100 Kg vehicles, showed that weight of vehicles 

has influenced to vehicles begin toppling ever in same radius on the road. 

The critical speed when skidding for wet and dry condition in different 

weight (1570 Kg; 1100 Kg) was same for the velocity begin skidding ever in 

same radius, they had no influenced from weight of vehicle. The most 

influenced for skidding come from coefficient of grip and radius of road.

Keywords: Stability, Smart driving, critical speed when toppling 
and skidding.
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ABSTRACT



NUR MUHAMMAD HAWARI. D 200 080 209. STABILITY ANALYSIS OF DAIHATSU XENIA 1.3 Xi M/T WHEN TURNING TO SUPPORT SMART DRIVING PROGRAM.

MUHAMMADIYAH UNIVERSITY OF SURAKARTA. 2012.



The premise of this research is to estimate the speed of vehicles when turning in certain radius of road, indirectly will support smart driving because the driver can be estimate how fast the vehicle should be run when turning. When vehicles turning arose centrifugal force and moment in the wheel, it can make slip angle in the wheel. The magnitude effect of slip angle wheel decided the stability movement in vehicles. Generally the greater influence of slip angle wheel will disturb the stability of vehicles. On other slip parameter, the most important consider stability is roll axis movement in a vehicle, which condition of occurrence if one in front or rear wheel lift.    

This research used Daihatsu Xenia 1.3 Xi M/T, the type passenger car. Collected all the data, the writer use two different weight: total weight vehicle (1570 Kg) and Curb vehicle with driver (1100 Kg). Analysisdoneby knowingthe critical speed ofthe vehicle ever in toppling and skidding but withthe sameradius of road which in radius 15 m, 50 m, 110 m, 370 m, 600 m and on the dry and wet condition of asphalt track. for coefficient grip of dry and wet of asphalt track has taken by dry: 0.8 and wet: 0.45.

From the calculation and comparison of the critical speed when toppling at 1570 Kg and 1100 Kg vehicles, showed that weight of vehicles has influenced to vehicles begin toppling ever in same radius on the road. The critical speed when skidding for wet and dry condition in different weight (1570 Kg; 1100 Kg) was same for the velocity begin skidding ever in same radius, they had no influenced from weight of vehicle. The most influenced for skidding come from coefficient of grip and radius of road.
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