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ABSTRACT 

This study evaluates the dynamic response of three semi-active control policies as 
analyzed on a several off-road models. Two-axle 7DOF, three-axle 9DOF and four­
axle 1 lDOF full vehicle system was developed to evaluate skyhook, groundhook, and 
hybrid controls. As well as exploring the relative benefits of each of these controllers, 
the performance of each semi-active controller was compared to the performance of 
conventional passive system. Each control policy is evaluated for its control 
performance under three different base excitations: step, bump and random. 
Corresponding to the bump and random inputs, peak-to-peak, RMS and frequency 
responses are considered for each control policy along with passive system. 
Specifically, sprung mass (heavy, pitch and roll acceleration), suspension and tire 
deflection. A comparison between different suspension systems were examined using 
half vehicle model and step input used to generate the time domain values of settling 
time and PTP acceleration for hybrid control policy and compared to fully active and 
passive systems using two-axle half vehicle model. Furthermore, Due to the 
importance of ride comfort for off-road vehicles, minimizing the peak-to-peak of the 
vertical, pitch and roll acceleration and reducing the settling time would lead to better 
ride comfort. In solving this problem, the step input was used for the optimization of a 
two-axle full vehicle's semi-active suspension system parameters with respect to ride 
comfort and handling. Genetic algorithm optimization technique is developed and 
used. Step input also used to generate the time domain and frequency domain 
responses of the four-axle full vehicle model. Reponses of sprung mass, suspension 
and tired deflection are obtained. Results of this study show that semi-active control 
offers benefits beyond those of conventional passive system. Further, traditional 
skyhook control is shown to be better in improving the vehicle body acceleration PTP, 
RMS and PSD responses. The groundhook control is shown to be better in controlling 
the tire deflection. Hybrid as a combination of both control policies skyhook and 
groundhook, shows to be better compromise in improving ride comfort and handling 
of the vehicle compared to passive system in all cases. Result shows also, that GA has 
consistently found near-optimal solutions within specified parameters ranges for 
several independent runs. Ride comfort improved without reducing the handling of the 
vehicle. 
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1.1 INTRODUCTION 

CHAPTER ONE 

INTRODUCTION 

The purpose of this chapter is to provide an introduction showing the overview of this 

research. At the beginning of this chapter, the motivation of the research described, 

followed by the problem statement and research philosophy. Then, the determined 

objectives and the scope of the research explained. The scope is planned based on the 

objectives. The chapter ended with the thesis organization. 

1.2 MOTIVATION 

Off-road vehicle is a term refers to any type of vehicles which is able to drive on/off 

paved surface in different environment such as; military, agriculture and commercial 

heavy vehicles. Driver of these vehicles are exposed with high level of vibrations 

transmitted from the uneven road surface, this harms the health and physical condition 

of the driver. Under these circumstances, it is important to improve the ride comfort 

and ride safety of off-road vehicles. This improvement can be achieved by using 

advanced suspension system. Ride quality or sometime called ride comfort, can be 

defined as how a vehicle responds to road conditions or inputs other than its occupant. 

Its primary concern is on how this response affects the vehicle occupants. The ride 

quality concept sweeps over many disciplines in automotive engineering. The vehicle 

parameters such as suspension spring stiffness and damping coefficient, the 

temperature control inside the cabin, the ergonomics of the car, and many other 

factors contribute to this quality. In action, vehicles flounce an extensive range of 

1 



vibrations that can be sensed by the driver. The causes of the excitation for these 

vibrations can be road roughness, tire assembly, driveline excitation, engine 

excitation, aerodynamic forces, and transmission excitation. Usually, road roughness 

will be the major source that excites the vehicle body through tire assembly and 

suspension system (Wong, 2001 ). Other sources give less because of their own design 

that their vibrations will be transmitted through longer paths until it reaches the 

inhabitant. 

In general, the spectrum of vibrations is divided into two main categories. First 

1s ride, these ranges from 0-25 Hz and noise which ranges from 25-20,000 Hz 

(Gillespie, 1992). Unfortunately, the main tests for ride quality have been subjective 

and objective testing is not yet developed in a standardized way. The main three areas 

of research in ride quality are: human response to vibration, vehicle response to 

excitation, and methods of testing and evaluating the ride quality. Articulated vehicles 

were surveyed by (ElMadany et al., 1979) and (Jiang et al., 2001) reviewed ride 

quality for heavy vehicles. A comprehensive review of heavy truck ride was given by 

(Gillespie, 1985), and literature on suspension design for heavy road vehicles by 

(Cole, 2001). The suspension system is the main element in the vehicle to achieve ride 

comfort and drive safety for a vehicle. The design of passive suspensions focused on 

obtaining a good compromise between these two targets ride comfort and vehicle 

handling, but the limitations of the passive structure prevent it from achieving the best 

performances for both goals. Fully active and semi-active suspension systems can 

improve driver and passengers comfort perceptions during various driving conditions, 

achieving a better compromise than the passive suspensions. The key feature of these 

systems is the generation of a control force in the active case, the variation of one or 

more parameters of the main suspension in the semi-active setting. A fully active 
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