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Semi-Active Suspension System for Off-Road Vehicles
Zohir BenLahcene-*, Walced F Faris, MD Raisuddin Khan and S.1. Thsan

Kullivyah of Engineering (KOE)
International Islamic University Malaysia. P.QY Box 10, 30728 Kuala Lumpur, Malaysia
zhr_2 14 vahoo.com

ABSTRACT

Vehicles handling and ride comfort are essential subject because these vehicles operate at
different environments, Improving the comfort ability enables the drivers 1o derive for a long time at
critical situations with full activity. This paper deals with dynamics and control policies analysis of
semi-aclive suspension systems for ofi=road vehicles. Three contigurations of these vehicles: 2-axle.
3-xle and 4-axles have been studied and their performances are compared. The application of several
control policies of semi-active suspension system. namely skyvhook: ground-hook and hybrid controls
have been analyzed and compared with passive svstems. The results show thar the hyvbrid control
policy yields better comfort than a passive suspension. without reducing the road-holding quality or
increasing the suspension displacerment. The hybrid conirol policy is also shown o be a beuer
compromise between comfort, road-holding and suspension displacement than the skyhook and
ground-hook control policics. Skyhook control gencrally improves sprung mass responses while at the
same lime increase unsprung mass responses. On the other hand. ground-hook control generally
improves unsprung mass responses af the expense of the sprung mass responses. Ground-hook cantrol
alse found 1o 1ake longer time to settle in transient state response. Results show an improvement in
ride comfort and vehicle handling wsing 4-axle over 3-axle and 2-axle when emphasis is placed on the
response of the vehicle body acceleration, suspension and tyre dellection.

Keywords: ride comfort: half-vehicle model; semi-active system: ground-heok: skyhook: hybrid;
passive suspension system

1. INTRODUCTION

Apparent that comfort level and vehicle handling are two of the most important factors in a
vehicle’s subjective cvaluation. Among the many aspects of a vehicle that influence these two
properties, the vehicle suspension often has one of the greatest effects. Conventional suspension
systems offer a trade off between ride comfort and vehicle handling, and their performance is often
limnited by this compromise [1]. Good desipn of a passive suspension cannot eliminate this trade-ofi.
but can improve ride comfort and handling. Active and semi-active suspension systems can achicve a
better compromise. but due 1o ditficulties encountered in using a fully active suspension, it is often
more practical 1o use a semi-active suspension for simplicity. Semi-active solutions are useful trade-
oft between design constraints and desired performances.

As documented in carlicr studies, one of the benefits of semi-active dampers is that they can
provide good ride comfort while maintaining good handling. by virtue of their ability to change the
damping foree. For semt-active damper, the damping force cun be chunged from relatively low level 1o
much higher levels [2]. Since first introduced by Crosby and Kamopp [3] and Kamopp. Crosby, and
Harwood [4]. scmi-acuve suspension systems continue 1o gain considerable attemion in wvehicle
applications. This is due to its advantageous characteristics over passive system in overcaming the
traditional conflict between vehicle saferv and handling, and ride comfort, as well as its significantly
less complexity and power requirement than active suspension system [3)]6]. Semi-active dampers
draw small amounts of energy to operate a valve 1o adjust the damping level and thus reduce the
amount of energy transmitted from the source 1o the suspended body.
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