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1. Introduction

Different control methods for vehicle suspension system
have been of interest in the past four decades, both
scientifically and in the global automotive industry. The
suspension system is responsible for keeping the vehicle
on the road surface and isolating the vehicle body from
road disturbances. In recent years, researches have been
directed towards the use of various types of intelligent and
robust controllers. The existence of noise, disturbances,
unmodeled dynamics and parameter changes during the
system work, causes the use of traditional controllers to
become problematic in practice. Today, advanced control
methods such as fuzzy control, adaptive control, robust
control, sliding control, etc., have been used to overcome
unforeseen problems in the system to a large extent
automatically. It is only necessary to estimate the
maximum amount of error in order to improve the
performance of this type of controller. The existence of
some faults in the mentioned controllers has caused the
researchers to turn to the combination of these methods to
improve the performance of the controller. The system
studied in this research is the active suspension system. In
this type of system, not only energy can be wasted or
stored, but also, if needed, force can be injected into the
suspension system. In addition to the presence of springs
and shock absorbers like conventional car suspension
systems, in the active suspension system, a hydraulic or
pneumatic actuator applies force to the car body to prevent
car oscillations. This type of power can be created by
active power sources such as pneumatic tire actuators,
hydraulic pumps or compressors. The actuator is closed in
parallel with the spring and shock absorber.

2. The design of the control law

Classical control systems design methods are based on
complete information about the planet and the
environment. While in some cases the studied plan is very

complex and all the physical processes that make it up are
not known. As mentioned earlier, the existence of
uncertainty in the suspension model encourages us to use
robust or adaptive controllers.
Sliding mode control (SMC) is an effective technique and
its applications have increased greatly in recent decades.
Sliding mode control is insensitive to changes and
disturbances in system parameters and external
disturbances. In addition, it provides a fast transient
response. In the sliding mode control method proposed in
this research, a switching plate is introduced and, in the
following, the sliding mode control law is designed for the
asymptotic stability of the error closed loop system.
Sliding mode control is one of nonlinear controllers
suitable for controlling nonlinear systems in the presence
of modeling uncertainties and disturbances. In addition,
adaptive controllers, in addition to robust control, due to
their time-varying nature, although usually impose a high
cost on the system, still provide the possibility that even
without accurate knowledge of the system model, whether
it is a dynamic model or a kinematic model, can make the
suspension system follow a desired path. In general, due
to the presence of the sign function, the sliding mode
control will not have a good ability to control the system,
and it will cause the phenomenon of chattering. To solve
this problem, the saturation function can be used.

3. A method for state and error estimations

In many cases, the state variables of the vehicle
suspension are not available to use the fault tolerant
control law. In addition, in some cases, it is necessary to
estimate accurately the terms included in order to deal
with and identify the defect. In this section, a method for
system state estimation and error estimation is presented.
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Figure 1. The fault estimation errors

Figure 1 shows the fault estimation error by fault viewer.
In this figure, it can be clearly seen that the error
estimation rule estimates the error set well, the unknown
input and disturbance. The estimation error becomes zero
in less than 0.1 seconds.

4. Conclusion
In this research, the vehicle suspension system of the one
half model was considered to check the comfort of the car

passengers against any faults from the road (external
disturbances), actuator defects, and sensor defects. A
controller for the desired system was designed by using a
fault-tolerant control law of the robust-adaptive sliding
mode. The reason for choosing the sliding mode
controller was being robust to model disturbances and
uncertainties, and adaptive controllers are able to adapt to
changing conditions during the control operation.

The controller was designed in two stages, scalar and
functional, assuming that the upper band of the error is
unknown. In both cases, we estimated the upper band of
total disturbances, errors, and faults using an adaptive
rule. As a result, by applying the designed sliding mode
error control law, both outputs of the system have
followed the desired sinusoidal path well. At the end, the
designed robust-adaptive sliding model control was
compared with the conventional sliding model control,
which shows the superiority of the designed controller.
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Robust-Adaptive Sliding Mode Controller Design with Fault Tolerance for
Active Suspension of one Half-car model

Hassan Zarabadipour Mahdi Farhang Ranjbar

Abstract The comfort of car passengers is one of the most important issues while driving, therefore the suspension
system plays a significant role in this matter. To investigate this issue, in this research, the design of a fault-tolerant
control system for the active suspension system of the one half- car model has been considered. In this article, the goal is
to design a robust-adaptive sliding mode controller to stabilize the vehicle suspension system and converge the output
response to the desired response. For this purpose, firstly, the model of the suspension system of the one half of the car
is considered in the presence of actuator, sensor, modeling uncertainties and limited external disturbances. Then, with
the assumption of not knowing the upper band of the term, including system faults and disturbances, the error tolerant
control law has been designed so that the output response of the system in front of any sudden fault converges to the
desired(stable) value and also the output of a desired path

Key Words Suspension, Half- car model, Robust-adaptive Sliding mode control, uncertainty.
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