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Abstract. Based on the theory of vehicle steering dynamics, a model of linear two-DOF
vehicle handling stability was established in MATLAB / Simulink environment. Simulation
analysis of state variable response such as vehicle yaw velocity and side slip angle was made
under different vehicle speed conditions for step-input of front-wheel turning angle. The
response curves of the state variables in the time domain are obtained under three vehicle
speeds. The results show that the response curve of simulation is in good agreement with the
actual situation, which not only verifies correctness of the established vehicle handling stability
model, but also provides theoretical basis for subsequent design of handling stability control
system.

1 Introduction

Vehicle handling stability is one of the important characteristics of vehicle, which directly affects
driving convenience, vehicle dynamics and driver and passenger safety[1]. Vehicle handling stability
includes two parts of controllabitity and stability. Controllabitity refers to the extent to which the
vehicle is able to respond to driver’s steering commands when the driver does not feel tired or nervous.
Stability refers to the ability of the vehicle to maintain stable driving when encountering external
disturbances (road disturbance or gust disturbance). The two are interrelated, affecting vehicle
handling stability together. With the continuous improvement of vehicle speed, research on vehicle
handling stability has attracted increasingly wider attention [2,3].

In the study of vehicle handling stability, yaw velocity and slip angle are generally considered as
the optimal state variables to describe vehicle dynamics stability®), which reflect vehicle stability from
different sides. In this paper, a linear two-DOF vehicle handling stability model and analog simulation
were established by MATLAB / Simulink. The vehicle yaw velocity and side slip angle changes were
compared and analyzed under different vehicle speeds at front wheel turning angle step input. The
results have certain engineering application value.

2 Vehicle handling stability modeling

In order to simulate the basic characteristics of vehicle handling stability, the vehicle model is reduced
to an ideal linear two-DOF vehicle model. Two-DOF refers to two state variables: yaw velocity and
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side slip angle. The model assumes that vehicle only makes plane movement parallel to the ground.
That is, vehicle displacement along z-axis, pitch angle around the y-axis and roll angle around x-axis
are zero. Also, the origin of the vehicle coordinate system coincides with center of mass of vehicle.
The simplified vehicle model is shown in Figure. 1.

The modeling is also based on the assumption that the driving force is not large and effect of
ground tangential force on laterodeviation characteristic is not taken into account, effect of the air
resistance is not considered, and tire characteristic changes of the left and right wheel tires due to load
variation and aligning torque of the wheel are ignored.
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Figure 1. Two-DOF vehicle model.

In the Figure: a, b are respectively distance between the front and rear axles to the center of mass
of the vehicle; L is vehicle wheelbase; w, is vehicle yaw velocity; J is the front wheel angle; f is side
slip angle; a, is the front wheel slip angle; a; is the rear wheel slip angle; m is the total weight; v, is
velocity at center of mass; v is v, component at time 7 on oy axis; # is v, component at time # on ox
axis; Fy,, I, are respectively cornering force of the ground on the front and rear wheel; (is the angle
between the front wheel speed direction and the ox axis; O is the origin of the coordinate axis; C is the
center of mass of vehicle; O is the instantaneous steering center.

2.1 Establish differential equation of vehicle dynamics

According to the above-mentioned modeling analysis, the differential equation of vehicle motion at
front wheel angle step input can be deduced as follows:

(ki +k2)B + l(ak] — bl2)wr - k1 = m(v+ ua)r)
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2.2 Two-DOF vehicle model Based on Simulink

According to formula (1), Two-DOF vehicle simulation model established in Matlab / Simulink
software environment is shown in Figure.2. The assignment of each parameter is shown in Table 1.

Table 1. Two-DOF vehicle model simulation parameters

Model parameter Value
Mass m(Kg) 1000
Rotational inertia Iz(Kgm?) 2800
Distance from centroid to front axle a(m) 1.3
Distance from centroid to rear axle b(m) 12
Front wheel cornering stiffness k1(N/rad ) 51000
Rear wheel cornering stiffness k2(N/rad) 45000
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Figure 2. Simulation model of two-DOF vehicle.

3 Simulation analysis

According to the established simulation model, we set the front wheel turning angle input as the
angular step signal, the amplitude is 0.4rad, and the simulation time is 5s. The response curve of the
yaw velocity and side slip angle at three different vehicle speeds are obtained, as shown in Figure.3, 4.
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Figure 3. Yaw velocity curve.
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Figure 4. Curve of side slip angle.

It can be seen from Figure. 3 that, after a given angular step input, the vehicle yaw velocity
response curve changes with the speed change. When the vehicle speed is 10m / s, the yaw rate
reaches stable at about 0.3s after slight fluctuation and the steady state value is about 2rad / s, and the
steady state response time is short. It can be seen from Figure.4 that when the vehicle speed is 10m / s,
the vehicle side slip angle is stable at about 0.3s, and the steady state value is about 0.28rad. When the
vehicle speed is 30m / s, the yaw rate reaches stable at about 1s, and the steady state value is about
48rad / s, the yaw velocity fluctuates more at high speed than low speed, and the steady-state
response time becomes longer; The side slip angle is stable at 1.3s, and the steady state value is about
-1.01rad, which is much higher than the value when the vehicle speed is 10m / s.
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From the above analysis, we can see that when driving at a lower speed, vehicle enjoys better
transient response characteristics. With the increase of vehicle speed, the response amplitude of yaw
velocity and side slip angle becomes larger and the stabilization time becomes longer. This rule is in
good agreement with the actual situation, which verifies correctness of the established model.
Subsequently, the model can be used for vehicle handling stability control algorithm and experimental
research.

Conclusion

Vehicle handling stability has a direct impact on steering characteristics, power output characteristics,
driving safety, etc., so it is necessary to carry out further research on it. Based on the theory of vehicle
handling stability, a simulation model of linear two-DOF vehicle handling stability is established. The
model can be used to analyze the yaw velocity and side slip angle response at front wheel corner step
input at any given vehicle speed. Through analysis of the simulation results, it can be seen that the
response cure of vehicle yaw velocity and side slip angle in the time domain simulated by the model
can more intuitively reflect change of vehicle handling stability, which has a certain reference value
for the future experimental study.
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