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Abstract

The active suspension system offers the best ride quality compared to passive and semi-
active systems, based on the evaluated characteristics. In this study, linear and nonlinear
active suspension models were designed to enhance the quarter-car active suspension
system. To simplify the stability assessment of the system, a second-order system was
proposed for both linear and nonlinear cases, containing mass, spring, and damper
components with additional nonlinear parts for stiffness and damper in the latter. The state
space of the models was presented as a preparation step before conducting the analysis to
validate the models.

The primary objective of the research was to compare the ride quality of active
suspension systems based on predetermined parameters to evaluate the effectiveness of
the vehicle suspension system. The quarter-vehicle model with three evaluation
characteristics, including suspension deflection, sprung mass displacement, and unsprung
mass displacement, was taken into account. Simulation of these parameters using
MATLAB produced performance graphs for the unsprung mass displacement, sprung
mass displacement, and suspension deflection. The stability of linear and nonlinear
systems was characterized using MATLAB simulations, comparing suspension
performance parameters such as rise time (tr), settling time (ts), and peak overshoot (Mp).
The simulation results of the linear and nonlinear systems indicated a need for improving
ride comfort and better road handling.

Various studies have been conducted on suspension control systems, addressing
numerous design problems and difficulties. Two types of controllers, namely
Proportional-Integral-Derivative (PID) Control and Fuzzy Logic Control (FLC), were
proposed to compensate for issues in active suspension systems. The simulation results
showed an improvement in the system's performance and stability after applying PID and
FLC controllers. The results for ts and Mp for the linear and nonlinear systems after using
PID were (1.693 sec, 0.3682 cm, 1.325 sec, 0.02217 cm) and for Fuzzy logic were (1.275
sec, 0.1035 cm, 0.275 sec, 0.014 cm), respectively. Finally, the active suspension system
for both linear and nonlinear systems was improved by applying PID and fuzzy logic
controller. The results showed that the impact of FLC on the linear and nonlinear systems
was better than that of PID control.
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