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Abstract 
Simulink is a visual simulation tool in MATLAB; through Simulink software, 
to establish a model can reduce the amount of programming workload, and 
improve the efficiency of the establishment of automotive models. The ride 
comfort of the vehicle is a measure of the most basic indicators of a car per-
formance. By establishing a ride comfort model in Matlab/Simulink, the wheel 
motor electric vehicle mainly affects the smoothness of the car mainly in the 
following aspects: pavement, tire, suspension, motor and so on. Through the 
establishment of the above model, we can effectively study the wheel motor 
drive electric vehicle ride comfort research. 
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1. Introduction 

With the development of society and scientific progress, people’s requirements 
on the ride comfort (that is, the car ride comfort) are getting higher and higher; 
the car’s ride comfort is mainly to keep the car in the process of vibration and 
shock environment. The impact on the comfort of the occupants is within a cer-
tain limit [1]. Due to the limited number of experimental equipment, a lot of 
experiments need to simulate the simulation to establish a virtual simulation en-
vironment, as well as virtual conditions. However, the most important point of 
simulation is the establishment of simulation model. The closer the simulation 
model is to the real conditions, the more conducive the experiment will be. In 
2009, Zhang Lu of Wuhan University of Technology put forward different me-
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thods to analyze and optimize the ride comfort of wheel motor, and improved the 
ride comfort of the vehicle [2], on the car ride up to the account from the car 
seat, seat, fully considering the factors affecting the ride comfort [3]. To control 
the quality of the motor is given a quantitative index of the wheel assembly of 
the suspension; the suspension structure selection and control strategy are given. 
To solve the problem of deterioration of reference of an electric vehicle ride com-
fort, from the choice of the motor, such as the application of lightweight mate-
rials of the motor, and the degree of integration of motor and wheel, we improved 
suspension to other direction, compared with the traditional automobile hub 
motor effectively saves a lot of energy to meet the needs of modern life [4] [5]. In 
recent years, an electric vehicle has a rapid development in foreign countries, there 
are some researches on several properties of electric wheel, the car ride for out-
standing, whether domestic or foreign people on the vehicle comfort put forward 
higher requirements, but the wheel motor drive electric vehicle becoming a hot 
research direction. 

2. The Establishment of Random Pavement 

Now that the road surface roughness of the time domain model methods are 
harmonic superposition method, white noise method and other methods [6] [7] 
These methods have made some assumptions on the road, assuming that the 
road contour in line with the Gaussian distribution, due to white The noise me-
thod is realized by the differential equation, and the calculation is relatively 
small, using MATLAB/Simunlink to facilitate modeling. As shown in Figure 1. 
 

 
Figure 1. Pavement model connection diagram. 
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In order to reflect the authenticity of the road, a white noise model with cutoff 
frequency is adopted. The model can be used to reflect the actual characteristics 
of the road spectrum closer to the horizontal line at low frequencies. 

The following formula can be used to analyze the pavement in time domain 
for different pavement grades and vehicle speeds. 

( ) ( ) ( ) ( )2π 2πof oo of o ox t n ux t n G n uw t= − +            (1) 

This formula, ( )ofx t  is a random displacement of the front wheel, unit m; 

oon  is the cut-off space frequency, 10.011 moon −= . u  is the speed of the ve-
hicle, unit m/s; on  is the reference space frequency, 10.1 mon −= ; ( )oG n  is 
the reference space frequency under the road power density, which is the road 
roughness coefficient, unit m3; ( )w t  is the Gaussian white noise with mean 
zero [8]. 

3. Reference Coordinate System Selection 

Before the simulation model is built, the reference coordinate system should be 
developed so that the movement state of the vehicle can be better described. 
Commonly used reference coordinate system mainly has tire coordinate system, 
vehicle coordinate system and earth coordinate system. The vehicle coordinate 
system is a moving coordinate system, used to describe the movement of the car 
state, which is consolidated in the movement of the car [9]. 

Figure 2 shows the consolidation of the car in the oyez right-angled coordi-
nate system is the vehicle coordinate system. When the vehicle is in a stationary 
state on the horizontal road, the x-axis is parallel to the ground, and the y-axis 
points to the left side of the driver. The z-axis passes through the center of the 
center, and the origin of the coordinate system. Can make it coincide with the 
center of mass [10]. 

Figure 3 for the tire coordinate system, perpendicular to the wheel rotation 
axis of the tire in the sub-plane known as the wheel plane, Z axis perpendicular 
to the ground plane, the provisions of the above point is positive. Y axis in the 
ground plane, the provisions of the direction of the direction of the wheel when  

 

 
Figure 2. Vehicle coordinate system. 
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Figure 3. Tire coordinate system. 
 
the direction of the left is positive, the wheel plane and the ground plane of the 
intersection of the X axis, the provisions of forward is [11]. The origin of the 
coordinate system is the intersection of the intersection of the wheel plane and 
the ground plane and the projection line of the wheel rotation axis on the ground 
plane. 

The geodetic coordinate system is used to describe the absolute motion of the 
vehicle. Its origin is fixed in a certain coordinate point on the ground. The posi-
tive direction of the Z axis is the direction perpendicular to the ground, the posi-
tive direction of the X axis is the direction of the initial state when the vehicle is 
running. The positive direction of the Y axis is the left side of the vehicle’s initial 
state direction. 

4. Body Dynamics Model 

According to the vehicle in Figure 4 in the XY plane within the force analysis 
and coordinate system requirements, in the horizontal plane, the car’s motion eq-
uation is: 

( ) ( )
4

2

1

1sin
2i i xi i g D a f

i
M u qw rv M h q pr F M g a C A u Fρ

=

′+ − = + + − − −∑    (2) 

( ) ( )
4

1
i i yi

i
M v ru pw M h p qr F

=

′+ − = − + +∑                 (3) 

( ) ( ) ( ) ( ) ( )1 3 2 4 1 2 3 42 2zz xx yy f y y r y y x x x x
T TI r I I pq I F F l F F F F F F= − + + − + + + − +  (4) 

cos sinxi ti Ti si TiF F Fδ δ= −                      (5) 

cos cosyi Ti si TiF F Fδ δ= +                      (6) 

( )
4

1 3 2 4

11 3 2 4

y y y y
yys xxs zzs f r xi

t

F F F F
I q I I pr L L h F

B B B B =

   
+ − = + + + +   

  
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Figure 4. The force analysis of vehicle in the XY plane. 
 

( )
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( ) ( )
4

1
sinxxs zzs yys i vi s s

i
I p I I qr A F M gh f M h v ru pw

=

′ ′+ − = + − + −∑        (9) 

( ) ( )1 1 1 1 1 1 1sin sin cos cosv s u s f s u fF K Z Z L f d f C w w L q f d p θ= − + + + − + +  (10) 

( ) ( )2 2 2 2 2 2 2sin sin cos cosv s u s r s u rF K Z Z L d f C w w L q f d pθ θ= − − + + − + +  (11) 

( ) ( )3 3 3 3 3 3 3sin sin cos cosv s u s f s u fF K Z Z L d f C w w L q d pθ θ θ= − − + + − + +  (12) 

( ) ( )4 4 4 4 4 4 4sin sin cos cosv s u s r s u rF K Z Z L d f C w w L q d pθ θ θ= − − + + − − −  (13) 

Let i i
i

i

a bB
b
+

= , ( ) i
i i i i

i i

aA d d b
a b

 
= ± − − 

+ 
                         (14) 

This formula, i  is the wheel number ( 1,2,3,4i = ); sM  is the vehicle’s 
sprung mass; iM  is the total mass of the car; Tiδ  is the wheel steering angle, 
rad; fF  is the tire rolling resistance; aρ  is the air density, kg·m3; xxI , yyI , 

zzI  Respectively, for the vehicle around the x, y, z axis of inertia; g  is the gra-
vitational acceleration; uiw  is the vertical speed of the first wheel, 1,2,3, 4i = ; 

iB  is the vehicle suspension related parameters; ga  is the front projection area 
of the car; ga  is the vertical velocity of the body; ga  is the slope of the road; 

yiF  is the tire lateral force, kg·m2; xxsI , zzsI , yysI  are the moment of inertia of 
the sprung mass around their respective axes of rotation, kg·m2; For the corres-
ponding one of the wheel suspension geometry parameters; siK  The action of 
the first wheel on the suspension; siK  is the stiffness of each suspension; siC  
is the damping of each suspension; DC  is the air resistance coefficient; θ  is 
the pitch angle; ϕ  is the roll angle; id  Distance from the center of the sus-
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pension to the center of mass of the sprung mass; uiz  The center of mass of the 
non-sprung mass; v  is the lateral velocity of the body; sz  is the centroid 
height of the sprung mass; p  is the roll angle; q  is the pitch angular velocity; 
r  is the yaw rate; u  is the longitudinal velocity of the body; xiF  is the tire 
longitudinal force [12]. 

According to the equation to build out the body model shown in Figure 5. 

5. Tire Model 

In this paper, the “magic formula” tire model to carry out dynamic simulation 
analysis. Because the tire model can accurately predict the tire performance, it is 
widely used, it is a combination of triangular function to fit the tire test data, ob-
tained a set of the same form and can simultaneously express longitudinal force, 
lateral force and back Positive torque of the tire model [13], in the form of the fol-
lowing: 

( ){ }sin arctan arctan= − −  y D C Bx E Bx Bx              (15) 

( ) ( ) ( )= + yY x G x y x S                       (16) 

= + hx X S                             (17) 

where, y  is the positive moment; Lateral force or lateral force; C  represents  
 

 
Figure 5. Vehicle body dynamics model. 
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the shape factor; ( )G x  is the weight function of the slip and side-side com-
pound conditions; B  represents the stiffness factor; D  represents the peak 
coefficient; x  can be expressed as the tire side angle or the longitudinal slip 
rate, respectively; yS  represents the vertical offset; E  represents the curvature 
factor; hS  represents the horizontal offset. The magic formula is illustrated by 
Figure 6, and the curve shown in the figure may be a positive moment, a lateral 
force or a longitudinal force curve, where, when determined, the product of the 
coefficient, which is the slope of the curve, that is, the shape of the curve, which 
determines the shape of the curve. The value can be determined by the peak and 
steady-state values [14]. The coefficient is used to control the curvature at the 
peak of the curve,: the amount 

( ){ } ( )tan π 2 arctanp p pE Bx C Bx Bx = − −               (18) 

6. Motor Model 

In this paper, the four-wheel hub motor is a permanent magnet brushless DC 
motor. This kind of motor has the advantages of long service life, strong overload 
capacity, high power density, strong reliability and large starting torque compared 
with other kinds of motors, with a wide range of speed and good mechanical prop-
erties of the advantages [15]. 

The maximum braking torque of the hub motor has a great influence on the 
regenerative braking distribution strategy of the wheel motor-driven electric ve-
hicle, which in turn affects the effect of braking energy recovery [16]. So the choice 
of wheel motor to meet the requirements of the electric car, the following is the 
selected motor, the motor parameters shown in Table 1. 

Figure 7 for the Matlab/Simulink platform to build the motor model. 
Four wheel hub motor drive electric vehicle motor speed and speed between 

the following relationship: 
 

 
Figure 6. Illustrates the “magic formula” in the parameters of the tire 
characteristic curve. 
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Figure 7. Motor model. 

 
Table 1. Motor parameter data. 

parameter value unit 

Rated speed 4000 rpm 

Peak speed 11,500 rpm 

rated power 42 kW 

Maximum power 90 kW 

Rated torque 100 nm 

Peak torque 210 nm 

Motor efficiency 94%  

 

0.377
vn

r
=                            (19) 

where, r  is the wheel rolling radius; n  is the motor speed, (r/min); v  is the 
driving speed, km/h. 

The relationship between the wheel brake force and the wheel motor braking 
torque is: 

m m wT F gr=                            (20) 

where, mT  is the wheel motor braking torque; wr  is the wheel rolling radius; 

mF  is the hub motor braking force. 
Since the hub motor has its own peak torque limit, the required braking force 

for the braking force distribution by fuzzy identification cannot be dispatched to 
the hub motor unconditionally [17]. In order to extend the service life of the hub 
motor, the generator torque should be two the smaller the braking torque of the 
brake. The peak torque of the hub motor at any speed can be measured by the 
test of the motor peak torque data set [14]. Figure 8 is the motor torque calcula-
tion of the module diagram 

7. Suspension Model 

The suspension of the car suspension system is non-linear and is multi-degree 
free. As shown in Figure 9. The degree of freedom will be more difficult to es-
tablish the model, so this article on the car suspension system two degree of 
freedom 1/4 model for simplified analysis [18] [19] [20]. To get a simplified mod-
el, the following assumptions were made: 1) body and frame are rigid, and in the  
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Figure 8. Module diagram of motor torque calculation. 

 

 
Figure 9. Suspension system model. 

 
course of the study to ignore the body suspension of the elasticity and damping; 
2) the car on the road evenly and always with its contact, no impact occurred; 3) 
the stiffness of the suspension and the stiffness of the tire are linear functions of 
displacement, and ignore the tire damping; 4) The input function for road dis-
placement can be assumed to act at the center of the tire and ground contact 
point. 

Figure 10 2m  is the quality of the body, B is a damper, 1m  is the frame, 1k  
represents the elastic element in the tire system. 

By the Newton’s second law we can see that the kinematic equation of the 
suspension system is 

( ) ( ) ( )1 0 2 0 1 1m x B x x k x x k x x= − + − + −                 (21) 

( ) ( )2 0 0 2 0m x B x x k x x= − − − −                    (22) 

By introducing some variables 1y , 2y , 3y , 4y , where 1y x= , 2 0y x= , 
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Figure 10. Simplify the system model. 

 

3y x=  , 4 0y x=  , 1 3y y= , 2 4y y= .  

1 2 2 1
3 1 2 3 4 1

1 1 1 1 1

k k k kB Bx y y y y y x
m m m m m
+

= = − + − + +            (23) 

2 2
0 4 1 2 3 4

2 2 2 2

k k B Bx y y y y y
m m m m

= = − + −                (24) 

1 1

2 21 2 2
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1 1 1 13 3
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2 24 4
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0 0 1 0
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0 0 0 1
0

0

y y
y yk k k B B
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 
              +   −  = +                     − −   

 









         (25) 

where, 1 2 1 2320, 2500, 100000, 10000, 140000m m k k B= = = = = . 
Build the above constructed model as shown in Figure 11. 

8. Conclusion 

With MATLAB/Simulink software, you can easily and easily build a variety of 
automotive dynamics models, reduce the time in the programming, and quickly 
build a variety of automotive system dynamics models; the same can reduce the 
amount of work. In order to study the various performance indicators of the car, 
it provides a strong simulation result to ensure that arch, which can effectively 
reduce the car’s R & D cycle, and improve the efficiency of automotive research. 
Through the simulation of the acceleration and power of the vehicle body, it can 
evaluate the structural performance of the automobile, which is of great  
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Figure 11. Wiring diagram. 

 
significance to the optimization of the vehicle’s ride comfort, handling comfort, 
safety and comfort. 
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