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Abstract
This paper deals with a detailed dynamic design of traction control strategies based on fuzzy logic controller. The proposed system is
motorized by two independent DC motors associated with two static DC converters and an electrical differential. An approach to both
longitudinal and lateral controls of two wheels is described. In fact, by using electric motors, it is possible to have a torque control in
each wheel drive, enabling the implementation of a traction control. Consequently, the stability and the safety of the vehicle will be improved. Obtained simulation results confirm the efficiency of the proposed controller.
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1. Introduction
Nowadays, internal combustion engine vehicles cause many environmental, energy as well as economic problems with the increased cost of petrol. To overcome this difficulty, research is
focused on electric vehicles [1-5]. However, the advantages of
electric vehicles are not limited to environmental profit: electric
motors can control the generated torque with a better dynamic
performance, compared with internal combustion engines [2].
Thus, the vehicle stability and safety can be improved, allowing a
better performance in limit conditions as compared with traditional cars.

2. Model of the Traction System
In this paragraph, is described vehicle dynamics including the
forces acting on it. The traction system considered is composed of
two static converters and two electric motors. However, the usual
vehicle configuration includes only one traction motor driving two
wheels and using a differential gear [3]. To reduce the mechanical
transmission losses, is substituted, in this work, the mechanical
differential gear by an electrical differential with two independent
wheel drives. In previous works, similar electric differentials are
implemented with PI controllers [7][8]. However, is proposed, in
this paper, a control strategy for the two traction motors based on
fuzzy logic controller [13].
The two used DC motors, are fed by two DC-DC converters
around an IGBT transistors as shown in figure 1, assumed perfect.
The two motors and the two DC-DC converters are similar.

DC-DC converter
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Battery
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DC-DC converter

Fig. 1: Elements of the proposed EV structure

2.1. Model of the DC-DC Converter Coupled With the
Traction Motor
Figure 2 shows a simplified structure of DC-DC converter circuit
coupled with DC motor. It consists of a controlled switch ( Sw ), a
diode ( D ), a filter inductor ( L ), a filter capacitor ( C ) and the
DC motor is represented by its equivalent circuit composed by an
inductor ( LM ), a resistor ( RM ) and electromagnetic voltage
source (  K E ) .
The studied DC-DC converter circuit coupled with DC motor has
two working topologies corresponding to the switch state. The
first topology corresponds to the on state of the switch. In such
case, the diode D is reverse-biased. The dynamic equations of the
converter are given by the following equations [ 11]:
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The second topology corresponds to the off state of the switch,
Fig.3. For this case, the diode conducts to support an uninterrupted
current in the inductor. The dynamic equations of the converter
can be expressed as follows:
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where iL is the inductor current vin and v0 are respectively the
input and the output voltage.
The two mathematical models of the studied converter can be
combined in the following general dynamic system:

vin
1
 diL
 dt   L v0  L u

 dvo  1 i  1 i
 dt C L C M

2.2. Vehicle Dynamic
(3)

u takes 1 for the on state of the switcher and 0 for the off state
and it’s controlled with the PWM technique.
The mathematical model of the DC motor is given by

The rolling resistance Fr is caused by the tire deformation in
contact with the road, Fv denotes friction resistance dependent on
the vehicle speed. Fair is the resistance of the air acting upon the
vehicle: the aerodynamic drag coefficient, depending on the value
of the air density, the vehicle frontal area and vehicle velocity. Fc
is the climbing resistance. These forces are given by equations (7),
(8), (9) and (10)

velocity of the motor, J is the global inertia moment, f the
viscous friction coefficient, K M the motor torque constant,

K E motor voltage constant and TL is the load torque
v0

iM

  allows
T

the establishment of the following nonlinear state space representation [12]:
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where iM and  are respectively the current and the angular

X  iL

In this section, is presented the vehicle dynamics including the
forces acting on the vehicle, the lateral motion of the vehicle and
the wheel drives dynamics.
The environment of the vehicle’s evolution produces an equivalent
resistance force Fres that depends mainly on climbing resistance,
air resistance, rolling resistance, friction resistance [7-10]. In this
work, the wheel-road contact is neglected:
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Fig. 2. Structure of the DC converter
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(7)

Fair  V 2

(8)
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(10)

m , g ,  ,  , r , K v and V refer respectively to the total
mass of the vehicle, the gravitational acceleration constant, the
climbing angle, the aerodynamic coefficient, the rolling resistance
coefficient, the Stokes coefficient and the vehicle speed.
The load torque TL is expressed by equation (11), where r is the
tire radius and Fres is the resistance forces.

TL  rFres

(11)
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2.3. Global model description
Several descriptions and models for the vehicle are presented in
literature [3-10].
In our work, we reduce the mechanical transmission components
by substituting the mechanical differential gear by an electrical
differential.
Figure 3 presents the vehicle trajectory, when the trajectory is a
curve. As well as the distances travelled by each wheel and the
wheel speeds are different.

r

M1

The difference between the angular speeds of the right and left
wheel drives is expressed by equation (17):

wref  w1ref  w2ref

According to equations (14), (15), (16) and (17), the vehicle’s
motion can be deduced as [10]:

M2

straight ahead

 If

  0 then w  0 : the vehicle turns left

Fx2

Fx1

When adhesion coefficients on the left and right sides of the
vehicle are different, we have to analyse the possible sliding of the vehicle. With the acquisition of these values, the
torque on each wheel could be controlled, increasing the
steer ability and stability of the vehicle. This is the task of
the traction control algorithm described below. The hole
model given by figure 4 illustrates both the two wheels
model and the electric differential model. In the next part, is
described the global model of the fuzzy proposed control.

l
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Vehicle
trajectory



(17)

  0 then w  0 : the vehicle turns right
 If   0 then w  0 : the vehicle continues
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Fig.3. Vehicle trajectory
Referring to fig. 3, the following equations are determined:
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Where d1 and d1 are the curved displacements for respectively
the right and the left wheels. r is the radius of the curve, d w is
the distance between wheels centres along the direction of the
axle, and  is the steering angle [7-10] .
The radius of the curve can be determined by equations (14)
where l is the distance from the front wheel and the rear wheel as
shown in figure (3):

(14)

From equations (11) and (12) we notice that Vw1ref and Vw2ref ,
the linear reference speeds of each wheel drive are function of the
angular vehicle speed  v and the radius of curve.
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Fig.4 Global model system

3. Global Structure of the Proposed Control
In this part, a control strategy is proposed to regulate the wheels
speed, according to the architecture given by figure 4.
In fact, under the same road conditions, wheels roll exactly at
same speed when driving straight right. However, if the road conditions under the left and right wheels are different, the traction
forces applied to the road surface under the left and right wheels
are different (according to equation 6).
Therefore, the vehicle describes a curve, even if the steering angle
is maintained at zero. To correct the situation, we have to maintain
the relative speed difference between wheels near to zero. This
can be achieved by acting in the applied torque to assure that the
wheels have exactly the same angular speed when different wheel
speeds on left and right are detected. According to equation (12)
the difference value ( wref  w1ref  w2ref ) is calculated
first by the electrical differential and then summed with the two-
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wheel’s real difference to form d wref . Finally, this information
will be given to the Fuzzy Logic Controller to obtain the required
accelerations on both sides. The inference rules of the described
controller are summarized in the in table 1.
Table1 . Inference matrix for the described controller
e
e
BN
N
Z
P
BP

BN
BN
BN
N
N
N

N
N
N
N
Z
P

Z
N
Z
Z
Z
P

P
N
Z
P
P
P

BP
P
P
P
BP
BP

Fig7. Left wheel’s speed response

Now, the motors accelerations deduced by the first fuzzy controller are given respectively to the second fuzzy logic controllers on
each side right and left, which ensures the motor’s current control.
The global structure of the current control is illustrated by fig.5.

Fi 8. Right wheel’s speed response
Fig.5. Current control bloc for one side

The regulator (FLC current) is implemented on both, right and left
side of the vehicle. Table 2 gives the inference matrix of this fuzzy
controller
Table 2. Inference matrix for the fuzzy controller
e
N
Z
N
N
N
Z
N
Z
P
N
P

e

P
P
P
P

4. Tests and Simulation Results
In a first time, we have varie
figure 6 and we have studied the behaviour of the two wheels
speed. Figures 7 and 8 show respectively the left and the right
wheel’s speed responses by the variation of the steering angle.

According to the presented situation, the controller (FLCdif ) has
detected a non-zero value in the difference of the two wheels
speeds and then it reacts imposing corresponding speeds: when the
steering angle reaches nonzero values. The electrical differential
imposes different speed reference values for the two wheels (initially set to the same speed value). The controller detects the difference between the two wheels speeds and gives an acceleration
to increase the speed in the right wheel and decrease it in the left
one and vice versa.
Next, to assure that the wheels have exactly the same angular
speed, we look the behaviour of the two wheels if the right wheel
is under a high load. The steering angle is maintained at zero value.
In this situation, the control strategy increases the torque on the
right wheel and reduces it in the left one, in order to keep them at
the same speed, by maintaining the global torque constant. Figures
9 and 10 show respectively the left and the right wheel speeds.
The currents absorbed by each wheel are respectively shown in
figure 11 and 12.

(rad)
WWr(rad/s)

Figure 6. Steering angle variation

Fig 9. Left wheel speed
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Fig 10. Right wheel speed

Fig 11. Current absorbed by the left wheel

Fig 12. Current absorbed by the right wheel

5. Conclusion
This paper presented an electric vehicle with two independent
wheel drives. An electrical differential was implemented assuring
that, the two wheels roll at the same speed in straight right trajectory. In slopes, the difference between the two speeds was controlled to allow a vehicle trajectory without sliding. The system
analysis, and simulation is presented in the paper and therefore, a
fuzzy logic controller was implemented as a solution.
The simulation results prove that the vehicle motion remains stable without sliding. These results show the efficiency of the proposed non-conventional controller.
On the other hand, the use of the electrical differential improves
the traction control system without the use of any substantial extra
mechanical incorporation.
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