
Analysis of Vehicle Handing Stability Based on Orthogonal Test

Qian Run-Hua 1, a, Lei Zhi-Ping 2, b, Tang Guo-Dong3, c
1, 2Department of Mechanical Engineering,

Army Academy of Armored Forces, Beijing 100072, China.

3 Department of Optical Engineering,

The Army Infantry Academy of PLA, Shijiazhuang 050200, China.

a, bEmail: 664607015@qq.com
cEmail: 2912265054@qq.com

Keyword: handing stability; Orthogonal test; simulation experiment.
Abstract: Quadrature scheme is a scientific method of arranging multi-factors and multi-standards,
because it can get enough experiment information with less experiment times, so it is suitable
for multi-factor and multi-level experiments. In this paper, the orthogonal test method is adopted to
design the test scheme to analyze the influence of vehicle quality and driving speed on vehicle
handing stability. And the order and contribution rate of every experiment factor on target
index is determined by means of range analysis and ANOVA analysis respectively. So this paper
provides a reference for the study of the influence factors of multi-axis vehicle steering stability [1].

Introduction

With the rapid development of the transportation industry, the vehicles overload is coming
from bad to worse. The problem of traffic safety is becoming more and more serious, caused by
traffic accident. People’s Casualties and property losses are also growing. So people are looking at
car comfort. As well as the economy, it also turned more attention to the safety of cars.

Introduction to orthogonal test. Orthogonal design is also called orthogonal design, which is
arranged scientifically by orthogonal table. The method of multi - factor test is one of the most
commonly used experimental design methods. It is based on the orthogonal method to select some
representative points from the comprehensive test which have the characteristics of "uniform
dispersion, homogeneous and comparable". So orthogonal test design is the main method of
fractional factorial design, which is an efficient, fast and economical experimental design method.
And it has been widely used in many fields.

Scheme Design and Test

There are many factors that influence the handing stability of the vehicle during the analysis of
the stability of the vehicle Such as the quality of the vehicle, the vehicle barycenter position, the
stiffness of the tire, the stiffness and damping of the suspension, the speed of the car, and the mass
and position of axles, etc [4]. Because this article is to analyze how the vehicle handling stability
performance change when the three-axis truck loading of the goods, so the vehicle mass center of
total quality, the x coordinate and the y coordinate of the center of the vehicle mass and the vehicle
speed are considered as experimental factors, they are recorded as A, B, C and D and Each factor is
divided into three levels [2]. The values of each influencing factor are shown in table 1.
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Table 1: Test factors and Test level values

Test
level

The test factors
A B C D

Mass[kg]
The distance between
center of mass and
front axles[m]

The z-coordinate
of barycenter [m]

Vehicle speed [m/s]

1 15000 4.3448 0.615 15.5
2 13500 3.91032 0.5535 13.95
3 16500 4.77928 0.6765 17.05

Now We will study the influence degree of four factors on vehicle control stability by
the orthogonal test in four factors and three levels. First, we should select a proper orthogonal test
table. Because there are 4 influencing factor and 3 level, we can choose the orthogonal table
or .In addition, the effect of four factors on vehicle handing stability is analyzed without
considering the interaction between factors, so orthogonal table was Chosen.

Table 2: Schemes to experiment

Test Number

Factor
A B C D

Mass
The x-coordinate of
the center of mass

The z-coordinate of
the center of mass

Vehicle speed

1 15000 4.3448 0.9505 2.2505 0.615 15.5
2 15000 3.91032 1.38498 2.68498 0.5535 13.95
3 15000 4.77928 0.51602 1.81602 0.6765 17.05
4 13500 4.3448 0.9505 2.2505 0.5535 17.05
5 13500 3.91032 1.38498 2.68498 0.6765 15.5
6 13500 4.77928 0.51602 1.81602 0.615 13.95
7 16500 4.3448 0.9505 2.2505 0.6765 13.95
8 16500 3.91032 1.38498 2.68498 0.615 17.05
9 16500 4.77928 0.51602 1.81602 0.5535 15.5

Taking three-axle vehicle as an example, after establishing the 3-DOF dynamic differential
equation, Simulink software is used to establish its simulation model, as shown in figure 1.
According to the Experiment Scheme shown as table 2, The steady-state value of the sideslip angle
of vehicle, the yaw rate, the vehicle roll angle and the lateral acceleration of the vehicle are used as
the evaluation index. The experimental results are shown in table 3.
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Figure 1:Model of simulation test established by Simulink.

Table 3: Test Results

Test Number Test Results
sideslip angle of

vehicle
yaw rate vehicle roll

angle
lateral acceleration

1 0.3992 9.194 0.867 1.584
2 0.7792 7.884 0.5989 1.222
3 -0.05929 10.89 1.249 2.063
4 0.3478 10.16 0.8366 1.925
5 0.733 8.761 0.8099 1.508
6 0.2654 8.485 0.639 1.317
7 0.4616 8.239 0.8623 1.728
8 0.5126 9.607 1.11 1.82
9 0.01779 9.789 0.9192 1.688

Analysis of orthogonal test results

According to the orthogonal table characteristics, the test conditions of test number 1, 2 and 3
are exactly the same for A factor, so we can compare the test results of test Numbers 1, 2 and 3
directly. If factor A does not affect the test target, then we can see [4]. However,
the calculation results show that 、 、 are not equal. which indicates that A has influence
on the test results.so According to the size of 、 、 , the influence of A on the test results is
judged. We can see from the table that < < , it indicates that as the mass of the vehicle
increases, the sideslip Angle of the vehicle’s barycenter becomes smaller. Similarly, the effects of
A, B, C and D on other test result can be analyzed by the same method。The order and contribution
rate of every experiment factor on target index is determined by means of range analysis
and ANOVA analysis respectively. The greater the rang indicates that the influence of this factor on
the test result is greater.

And It can be seen from table 4 that there is a strong correlation between vehicle handing
stability and factor D for it has the greatest rang in the three test results [3]. At the same time, it can
be seen that as the vehicle speed increases, the yaw rate of the vehicle, the vehicle roll angle, the
lateral acceleration of the vehicle will be larger, the sideslip angle of vehicle will be smaller, and the
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handing stability of the vehicle will become bad. Therefore, when the vehicle makes a turn, the
vehicle should reduce the driving speed to keep it in good handing stability.

B factor has a significant influence on vehicle handing stability.it has a great influence on
sideslip angle of vehicle and yaw rate of the velocity [4]. Furthermore, the handing stability of the
vehicle is better when the center is close to the front axle. As a result, the heavy cargo should be
placed in the front of the van to make the vehicle center as close as possible to the front axle. And B
factors have little effect on vehicle roll angle.

The influence of A factor on vehicle handing stability is mainly manifested that as the quality
of the cargo increases, the sideslip angle, the yaw rate and lateral acceleration of vehicle become
larger. so when the vehicle is loaded, it should strictly avoid the situation of overload.

C factor has a great influence on the side tilt of the vehicle and the higher the center of vehicle
mass, the larger vehicle roll angle, the easier it is to roll over, when vehicle make the turn. Therefore,
it is not advisable to Put heavy cargo on top when loading the goods

Table 4: Results analysis
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Conclusions

1. In this paper, the experimental scheme to study the influence of vehicle quality and speed on
the control stability of vehicle is designed by orthogonal test method. Computer simulation of
influences of vehicle speed, mass of the whole vehicle and position of the gravity center upon the
handing stability is carried out. Finally, analyses the influencing degree of each factor on the
handing stability by the orthogonal experiment.

2. The experimental results show that the yaw rate, vehicle roll angle, lateral acceleration of
the vehicle is the most affected by the vehicle speed. The distance between the center of vehicle
mass and the front axle of vehicle has a very important influence on sideslip angle of vehicle [5].

3.In the process of actual automobile design, the control stability test of automobile is a
multi-factor test, and the level of each factor is relatively large，but using orthogonal test design
method can simplify test times and shorten automobile test cycle.
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