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Abstract of Thesis

A four wheel passenger car during rollover shares some characteristics with an inverted pendulum. An inverted
pendulum consists of a pendulum attaches to the cart that move freely on horizontal direction. If the inverted
pendulum can be stabilized in upward position, then the vehicle during rollover can also be stabilized at
the near rollover position and prevent the vehicle from complete rollover. The vehicle’ s suspension system
is consisting of the vehicle body attaches to the axle by nonlinear spring and dumper. By applying an inverted
pendulum to a real passenger car that contains a suspension system, the inverted pendulum needs to be modified.
The special type of double inverted pendulum is applied in this research. This kind of double inverted pendulum
consists of two pendulums connected together by a nonlinear spring, which represents the axle and the body

of the suspension vehicle

The stabilization of vehicle near rollover is clearly an important problem, it can demonstrate the minimum
input force that make the vehicle rollover. However, the vehicle normal position recovery is also an important
problem. The vehicle normal position recovery system will recover the vehicle form tip—up position to the
normal position that all of the vehicle’ s wheels are on the ground surface. This position recovery system
can be divided into two objectives. The first objective is a fast recovery. This objective is about making
the vehicle back to the normal position as fast as possible. The second objective is smooth recovery, this
type of system will try to make the vehicle’ s wheel back to the normal position as smooth as possible or delay
the wheels touch down time to keep the passenger safe or avoid some obstacle that vehicle might run onto.

The combination between these two types of system can be consider as the rollover prevention after tip—up.

The stabilization of suspension vehicle near rollover and the normal position recovery are controlled by
nonlinear model predictive control method (NMPC), in which the continuation/generalized minimal residual

(C/GMRES) is used to solve an optimal control problem in real-time. The terminal cost is given by a solution
to the algebraic Riccati equation to make the tuning process in performance index easier. The input force

that make the vehicle tip up, stabilize and control the vehicle back to normal state, is determined based
on the surface friction coefficient and the position of the vehicle’ s center of gravity. To apply the vehicle
normal position recovery, the ground surface behavior is introduce to the dynamic model of the modified double
inverted pendulum. The results obtained from simulation indicated that NMPC with C/GMRES could stabilize the
vehicle at near rollover position and control the vehicle back down to the normal position on the ground surface

in real—time.
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