DEVELOPMENT OF ACTIVE SUSPENSION FOR
PASSENGER CAR

KOW KOK LIM

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

© Universiti Teknikal Malaysia Melaka



SUPERVISOR DECLARATION

“I hereby declare that I have read this thesis and in my opinion this report in
sufficient in terms of scope and quality for the award of the degree of

Bachelor of Mechanical Engineering (Automotive).”

Signature: L
SUPEIVISOr:
Date:

Universiti Teknikal Malaysia Melaka



DEVELOPMENT OF ACTIVE SUSPENSION
FOR PASSENGER CAR

KOW KOK LIM

This report is submitted in partial
fulfillment of the requirements for the award of a

Bachelor of Mechanical Engineering (Automotive)

Faculty of Mechanical Engineeing

Universiti Teknikal Malaysia Melaka

JUNE 2013

Universiti Teknikal Malaysia Melaka



DECLARATION

“I hereby declare that the work in this report is my own except for summaries and

quotations which have been duly acknowledged”

Signature: .
Author:
Date: e,

© Universiti Teknikal Malaysia Melaka



Special thanks
My family
My FYP supervisor
My seminar panels

My course mate

© Universiti Teknikal Malaysia Melaka



ACKNOWLEDGEMENT

In preparing this Final Year Project report, 1 was in contact with many people.
These peoples are included my Final Year Project Supervisor, Mr. Amrik Singh,
coursemates, and friends from other course and faculty. They have contributed
towards my understanding and thought. Besides that, 1 would like to thank to my
family for giving me everything such as money and moral support to help me finish
this report. In particular, I wish to express my sincere appreciation to UTeM for
giving me a valuable subject which is Final Year Project because this helps me in the

future after graduate.

Additionally, I also wish to appreciate to all lecturer and course mate in
UTeM. They spent their time to give contribution about my project to give me
knowledge that | have not touch yet in my course. Without their enthusiasm and hard
worked, all my flow about doing this project would become nothing. Finally, | would
like to thank God because let me finish my Final Year Project report successfully

without any accidence.

@ Universiti Teknikal Malaysia Melaka



ABSTRAK

Dalam projek ini, suspensi aktif untuk kereta penumpang telah dibangankan
dan disimulasikan dengan menggunakan perisian Matlab/SIMULINK untuk
perningkatan pretasi pemanduan. Suspensi kenderaan adalah satu sistem yang
mampu menyerap tenaga potensi daripada gangguan jalan dan menghapusnya
melalui peredam. Untuk suspensi pasif, kekakuan pegas yang rendah akan membawa
kepada yang baik dalam prestasi pemanduan kenderaan tetapi mengabaikan
pengendalian kenderaan manakala kekakuan pegas yang tinggi adalah kurang baik
dalam keselesaan pemanduan kenderaan tetapi meningkatkan pengendalian
kenderaan. Oleh itu, terdapat kompromi antara prestasi pemanduan dan pengendalian.
Dalam usaha untuk meningkatkan prestasi pemanduan, satu-satunya penyelesaian
yang mungkin adalah menggunakan suspensi aktif di mana penggerak hidraulik
dipasang selari dengan spring dan peredam dalam sistem suspensi kenderaan. Tujuan
untuk projek ini adalah menghasilkan kenderaan model dalam perisian
Matlab/SIMULINK dan menghasilkan beberapa jenis strategi kawalan dalam
pembangunan suspensi aktif. Model kereta suku dan model kereta lengkap digunakan
dalam pembangunan suspensi aktif dengan beberapa jenis strategi kawalan yang
dicadangkan. Perisian Matlab/SIMULINK digunakan untuk membandingkan pretasi
antara suspensi pasif dan aktif. Daripada seksyen keputusan, gerakan menegak,
gerakan pitch, and gerakan roll badan kenderaan yang tidak diingini telah
dikurangkan dan keseimbangan badan kenderaan telah ditambahkan. Sebagai
kesimpulan, pengabaian bagi gerakan menegak, gerakan pitch, and gerakan roll
badan kenderaan yang tidak diingini di mana menggunakan beberapa strategi
kawalan yang dicadangkan di dalam suspensi system kenderaan telah meningkatkan

keselesaan penumpang dan pemandu di dalam kereta.
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ABSTRACT

In this project, the active suspension for passenger car was developed and
simulated by using Matlab SIMULINK software for improvement of ride
performance. Vehicle suspension is a system that capable to absorb the potential
energy from road disturbance and dissipated it via damper. For passive suspension,
the low spring stiffness will lead to good in ride performance but sacrifice the vehicle
handling whereas high spring stiffness results in poor in ride comfort but improve the
vehicle handling. Thus, there is compromise between ride and handling performance.
In order to enhance the ride performance, the only possible solution is to adopt an
active suspension whereby a hydraulic actuator is installed parallel with spring and
damper in vehicle suspension system. The objectives of this project are to develop
the vehicle model in Matlab/SIMULINK software and develop several control
strategies for active suspension development. The quarter car and full vehicle ride
model is adopted in development of active suspension with proposed types of control
strategies. The Matlab/SIMULINK software is used to compare the performance
between passive and active suspension. From the result section, the unwanted vehicle
body heaves, pitch, and roll motion were reduced and the stability of vehicle body
was increased. In conclusion, the rejections of unwanted vehicle body heave, pitch,
and roll motion which is using proposed control strategies in vehicle suspension

system was improved the comfortable of passengers and driver in vehicle.
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CHAPTER |

INTRODUCTION

1.1 OVERVIEW

Vehicle suspension system is a tool which is designed to provide safety and
comfortable while driving. The disturbance usually occurred by three vertical
movements during driving which are vertical displacement, vertical velocity, and
vertical acceleration (Fenchea, 2008). In order to satisfy the comfortable of driver
and passenger in vehicle, a suspension system should support the vehicle, provide
directional control and provide effective isolation of passengers from road
disturbances. A soft suspension is good in ride performance, whereas a stiff

suspension is good in condition where insensitivity to apply loads.

Usually the type of suspension which is used for vehicle is passive
suspension. It is store the potential energy from the road disturbances via a spring
and dissipates it via damper. The stiffness of the spring and parameter of the damper
are fixed for certain level of compromise between road holding, load carrying and

comfort.

Meanwhile, an active suspension system able to store, dissipate, and
introduce the potential energy from road disturbances to system. The stiffness of the
spring may vary depending upon operating conditions by hydraulic actuator which
installed to the suspension system. The Electronic Control Unit (ECU) controls the

hydraulic actuator to give external force to the suspension system (Acker et al.,
1991).
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1.2 PROBLEM STATEMENTS

Passive suspension has limitations due to the fixed suspension parameters.
Low spring stiffness leads to good ride performance but sacrifices the vehicle
handling whereas high spring stiffness causes poor ride performance but provides
better vehicle handling. Therefore, in automotive industry, there is compromise
between ride and handling performance. To provide one of the possible solutions to
this problem, a hydraulic actuated active suspension using active force control is
proposed. The proposed active suspension will be able to enhance the ride
performance of the passenger vehicle.

1.3  OBJECTIVES

The objectives of this project are as follow:
1. To develop quarter car and full car model
2. To develop several control strategies for active suspension in order to

improve vehicle ride.

1.4  SCOPES

The scopes of this project are as follow:

1. Development of mathematical model and Matlab/SIMULINK of quarter
car and full car to represent dynamic behavior of the vehicle in vertical
direction.

2. Development of mathematical model and Matlab/SIMULINK of
hydraulic actuator.

3. Development of PID, Fuzzy PID with AFC for enhancement of vehicle

ride performance.
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