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Vehicle stability and handling are among the topics investigated
widely in automotive industry. Vehicle lateral dynamic behavior plays
a pivotal role in vehicle stability and handling. The present study
aimed to investigate how and to what extent the lateral dynamic
response of the vehicle is affected by variation of the parameters. To
this end, firstly, the dynamic response of the vehicle to the steering
angle was simulated by means of lateral dynamics equations of
motion. Then, in two different maneuvers, as the affecting parameters
were changed, the dynamic response of the vehicle was evaluated. In
the current research, variation of vehicle mass, moment of inertia, and
gravity center were considered. In addition, investigations using two
models, 2 degree-of-freedom bicycle model and a high-fidelity model
proposed in Carsim software package, were performed in order to
identify how the model selection affected the outcome. Results
indicated that in one of the maneuvers, vehicle response evidently
changed by varying the parameters whereas in the other maneuver,
no significant changes were observed.
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EXTENDED ABSTRACT

Introduction

Several factors affect the vehicle lateral dynamics, each of which can change the vehicle
performance in terms of steerability and stability by changing the vehicle dynamic
behaviour. Recognizing these factors and the manner that they affect the vehicle dynamic
behaviour can improve the attitude and understanding of the vehicle lateral dynamics, and
therefore it is important from different points of view. In this context, some studies have
analysed the dynamic response of the car and investigated the stability and controllability
of the car. In this paper, two different manoeuvres were chosen in such a way that one
manoeuvre expressed the steady state cornering and the other expressed the transient
cornering. The influence of varying the dynamic parameters such as vehicle mass, moment
of inertia and centre of gravity location on the vehicle dynamic response was studied. For
this purpose, in addition to the simulation of the 2DOF bicycle model in MATLAB software,
the model was also implemented in Carsim software package, and the results were
compared. Carsim software package is a complete and comprehensive package for vehicle
simulation and the model’s degrees of freedom are far greater than that of the bicycle model
with 2 DOFs. Therefore, the effect of changing the parameters in the simple model and the
complex model, which is close to reality, were also explored in this study.

Methodology
2-DOF bicycle model is shown in Figure 1 and the equations of motion are given by Eq.
(1) and Eq. (2).

Figure 1. 2DOF bicycle model
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For simulation, the bicycle model was prepared in MATLAB software and then Carsim
software package was utilized to validate the MATLAB model. Thus, in the same manoeuvre,
the dynamic response of the MATLAB model was compared to the response of the Carsim
model. This response included lateral acceleration, yaw rate, lateral acceleration gain and
yaw rate gain, which were used to analyse the dynamic behaviour of the car. Lateral
acceleration gain and yaw rate gain are the lateral acceleration and yaw rate per steering
angle, respectively. Eq. (3) and Eq. (4) represent lateral acceleration gain and yaw rate gain,
respectively:

a
Gace = 6_;1 3)
_Y
Sran =3 ()

Results and discussion

Simulation results were presented for two different manoeuvres. The selection of these
manoeuvres was based on the fact that it can reflect the dynamic response of the vehicle
under different conditions. Therefore, in the first manoeuvre, the vehicle was subjected to a
fixed steering angle and the vehicle dynamic response was evaluated by varying the
parameters. In addition, this manoeuvre can be considered as an evaluation of lateral
dynamics in steady state because the derivative of yaw rate with respect to time can be
ignored, except in transient mode. Unlike the first manoeuvre, in the second manoeuvre, by
simulating a double lane change manoeuvre, the objective was to evaluate the vehicle
transient response. This was because in this case, the steering wheel angle was changing
continuously and the changes in yaw rate are significant and thus cannot be ignored.

In the first manoeuvre, a fixed steering angle was considered which represented a
constant radius turn.
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Figure 2. Influence of vehicle mass and moment of inertia change in the first
manoeuvre. a: lateral acceleration, and b: yaw rate

In the second manoeuvre, the steering wheel angle was adjusted by the driver in order
to follow the double lane change. It should be noted that the profile of the steering angle
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changes over time by changing the parameters, and it is not the case that the same steering
angle profile is used in all simulation conditions. The effect of varying the vehicle mass and
moment of inertia is shown in Figure 3 which indicates that the vehicle lateral acceleration
and yaw rate do not change significantly. Similar results were also observed by varying the
location of the centre of gravity. The main reason for this was due to essence of the double
lane change manoeuvre as in this manoeuvre, the goal was to follow a specific path.
Therefore, the variation of the parameters did not lead to a significant change in the
dynamic response.
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Figure 3. Influence of vehicle mass and moment of inertia change in the second
manoeuvre. a: lateral acceleration and b: yaw rate
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Conclusion

In the current study, the effect of varying some parameters on vehicle steering during
two different manoeuvres were investigated. For this purpose, two different models were
investigated: one model being the simple bicycle model of the vehicle with two degrees of
freedom and the other being the complete and complex model of the vehicle in Carsim
software package. Based on the results, the degree and effect of changing the parameters
were similar in both models. In the fixed steering angle manoeuvre, the increase of mass
and moment of inertia resulted in the decrease of lateral acceleration and yaw rate, while
the change of these parameters in the second manoeuvre did not result in significant
changes. In addition, moving the vehicle centre of gravity towards the rear axle caused the
lateral acceleration and yaw rate to increase in the first manoeuvre.
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