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Abstract— The development of electric vehicles involves 

many disciplines such as mechanics, electronics, and control. 

Among them, vehicle control technology is a difficult problem 

that the automotive industry needs to overcome, and the drive 

control strategy is more critical. In this paper, the electric 

vehicle drive control strategy matching the target torque is 

realized by fuzzy control with the accelerator pedal opening and 

change rate and SOC as the main input parameters. Based on 

Matlab/Simlink, the corresponding simulation model is 

established to verify the correctness of the control strategy. The 

results show that the expected goal is achieved. 
 

Index Terms—Vehicle, Drive, Electric Vehicle, SOC.  

I. INTRODUCTION 

Nowadays, the new energy automobile industry is 

developing rapidly. The power and cruising range of pure 

electric vehicles have been greatly improved, but there is still 

a considerable gap compared with traditional fuel vehicles 

[1]. Under the premise that the current hardware technology is 

difficult to break through quickly, only by designing a control 

strategy that can coordinate the work of the motor and the 

transmission, the energy consumption of the electric vehicle 

can be reduced and the cruising range can be improved. Drive 

control strategy is the core of vehicle control strategy. The 

driver's action is an important part of analyzing the driver's 

intention. Combined with the working state of the power 

system, the control strategy is used to calculate the target 

torque of the driver's desired automobile motor, so that the 

electric vehicle can quickly meet the driver's requirements 

and enhance the operability and performance of the electric 

vehicle [2]. 

The VCU receives the accelerator pedal signal and 

calculates it to obtain the corresponding desired torque. There 

are generally three types, as shown in Figure 1. 

 
Fig.1 Torque control strategy curve 

In the above figure, curve 1 is the electric pedal control 

curve of electric vehicle. The purpose is to meet the power  

 
 

 

requirements of electric vehicles, but when the load of 

the car is low, the operational stability of the car is relatively 

poor. Curve 3 is the soft pedal soft pedal control strategy. The 

purpose is to meet the economical efficiency of electric 

vehicles, but the speed is slower when accelerating, and the 

acceleration is poor when the load is low, but the operation 

stability is better. Curve 2 is a linear pedal control strategy 

with a relatively simple functional relationship. The control 

effect is between curve 1 and curve 3. 

In order to improve the above situation, this paper adds 

fuzzy control method to the control strategy. And the 

corresponding electric vehicle simulation model is built, and 

the correctness and rationality of the control strategy are 

verified by off-line simulation. 

II. DRIVE CONTROL STRATEGY 

According to the above torque control strategy curve, a 

simple control strategy basic framework can be formulated. 

The coefficient K value is obtained by the accelerator opening 

degree ACC, the accelerator opening degree change rate 

DACC, and the SOC fuzzy control, thereby obtaining the 

motor torque load factor L. According to the motor 

performance, the maximum torque at the current motor speed 

can be obtained Tmax( nm). The motor torque T1 is calculated by 

the equation (1) and used as the reference torque [3]. The 

basic framework of the control strategy is shown in Figure 2. 

)max( mnTLT 1                           (1) 

 
Fig.2 Basic Framework of Control Strategy 

The specific fuzzy control principle is shown in Figure 3. 

Each fuzzy set is defined in the knowledge base, and the fuzzy 

rules are set. The fuzzy system blurs the input, outputs the 

fuzzy distribution through the inference unit and the rules in 

the knowledge base, and finally defuzzifies and outputs. 
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Fig.3 fuzzy control principle 

 

Set the ACC domain to [0,100] and set the DACC maximum 

to 100% / s. The fuzzy subsets of ACC, DACC and K are 

divided into VS (very small), S (small), M (medium), B 

(large), and VB (maximum). The SOC domain is [0, 1], and 

the fuzzy subset is divided into S (small), M (medium), B 

(large). Its membership function is shown in Figure 4. 

 

 
Fig.4  Fuzzy variable membership function 

The specific fuzzy rules are shown in Table 1. When the 

SOC is low, it is biased toward the economic mode, and when 

the accelerator pedal opening rate change rate DACC is large, 

it is biased toward the dynamic mode. When the car is driving 

at a low speed, the vehicle needs to have sufficient 

acceleration capability, so the demand for driving torque is 

relatively large. At high speeds, the drive torque is mainly 

used to maintain the vehicle speed, which requires a large 

motor power, but the demand for drive torque is not large. A 

fuzzy controller is established with the vehicle speed and 

coefficient K as inputs and the compensation torque T2 as an 

output. The fuzzy control outputs the compensation torque to 

meet the vehicle's requirements for power [4]. Considering 

that the sudden change of the compensation torque will cause 

a certain impact on the vehicle, the impact of the impact 

degree should also be considered, as shown in equation (2) 

(assuming that other resistances remain unchanged while the 

vehicle is in motion). The recommended value of the German 

impact is j≤10 m/s
3
, so that the maximum value of the motor 

compensation torque can be obtained. 

dt

dT

mr

i
j 




                             (2) 

Defining the relationship between the coefficient K and 

the impact j. As shown in Table 2, j is adjusted by the 

coefficient K to achieve a limit on the output compensation 

torque. 

Table 1. Fuzzy inference rules 

 

Table 2. Relationship between K and j 

 
The final motor target torque T is expressed by equation (3). 

21 TTT                                    (3) 

III. ELECTRIC VEHICLE MODELING 

Based on Matlab/Simulink, a simulation model of pure 

electric vehicle is built. The model mainly includes driver 

model, battery model, motor model, dynamic model and 

control strategy model. The cycle conditions provide the 

driver with road information, and the driver translates the 

demand into an accelerator pedal and brake pedal signal [5]. 

A. Driver model 

The driver module can receive the speed and acceleration 

information of the vehicle, and feed back the accelerator 

pedal and brake pedal position information to various 

components of the transmission system to simulate the 

driver's control of the vehicle [6]. In this paper, the fuzzy 

control is used to input the difference between the required 

vehicle speed and the actual vehicle speed and the vehicle 

speed error rate as the input, and the acceleration pedal/brake 

pedal opening increment is used as the output. The fuzzy 

control surface is shown in figure 4, u denotes the pedal 

opening degree, c denotes the vehicle speed difference, and ce 

denotes the vehicle speed difference change rate. 
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Fig. 5 Fuzzy control surface map 

B. Power battery model 

The equivalent modeling of the power battery is based on 

the internal structure of the equivalent battery to simulate the 

charge and discharge characteristics of the battery [7]. This 

paper uses a second-order RC equivalent circuit model, the 

equivalent circuit shown in Figure 6. 

 
Fig. 6 Second-order RC equivalent circuit model 

In the figure, V(t)represents the open circuit voltage; R0 

is the ohmic internal resistance of the battery. R1 and C1 are 

used to simulate the short time constant exhibited in the 

dynamic characteristics of the battery, that is, the process in 

which the discharge voltage rises rapidly. R2 and C2 are used 

to simulate the long time constant exhibited by the dynamic 

characteristics of the battery, that is, the process in which the 

discharge voltage is slowly stabilized. The sum of R1 and R2 is 

the polarization internal resistance of the battery. The battery 

Simulink model is shown in Figure 7, input battery capacity, 

request current and battery temperature, output battery SOC, 

total battery voltage, battery power, and actual battery output 

current. 

 
Fig. 7 Power battery Simulink model 

The SOC is calculated by the current integration method, 

and the SOC of the battery is estimated by accumulating the 

amount of charge and discharge, as shown in the equation (4). 

C

Idt
SOCSOC

t


 0
0



t                         (4) 

SOC0 is the SOC of the battery at the start of charging 

and discharging; SOCt represents the SOC at time t; C is the 

rated capacity of the battery; and I is the output current of the 

battery. 

C. Motor model 

The basis of motor modeling is the balance equation of the 

voltage, torque and power of the motor and the operating 

characteristic equation [8]. Based on experimental data, this 

paper models the three-dimensional Map of motor torque, 

motor speed and motor efficiency. In this paper, a permanent 

magnet synchronous motor is adopted. The motor model 

accepts the torque from the controller, the speed demand and 

the power input from the power battery, and calculates and 

limits the power according to the performance of the motor. 

The YBQ132-15-108 motor is selected as the power source. 

The basic technical parameters are shown in Table 3. 

Table 3. Basic technical parameters of the motor 

Parameter symbol Numerical Unit 

Rated power Pm 15 kW 

Peak power Pmax 28 kW 

Rated torque Tm 46 N·m 

Peak torque Tmax 170 N·m 

Rated speed nm 3000 r/min 

Peak speed nmax 6800 r/min 

 

According to the above table, the speed, torque and 

efficiency can be obtained. 3D Map Figure 8 and motor load 

characteristics Figure 9. 

 

 
Fig. 8 3D Map of Speed, Torque and Efficiency 

 

 
Fig.9 Motor load characteristic diagram 

When the motor speed is constant, if the accelerator pedal 

opening becomes larger, the output torque of the drive motor 

will be larger. According to the above, the corresponding 

motor model is established as shown in Figure 10. 
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Fig. 10 Simulink block diagram of the motor model 

D. Dynamic model 

The electric vehicle is driven by the motor and the drive train 

to overcome the effects of rolling resistance, air resistance, 

slope resistance and acceleration resistance with a certain 

acceleration [9]. The driving equation of the electric vehicle 

(5) is 

 ijwft FFFFF                        (5) 

 

Where: Ft is the driving force, Ff is the rolling resistance, Fw 

is the air resistance, Fi is the slope resistance, and Fj is the 

acceleration resistance. 
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The kinematic differential equation is 
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Where:   is the rotation mass conversion factor, m is the 

adjustment mass (kg), 
a

 is the driving speed (km/h), Tm is 

the motor torque (Nm), ig is the transmission ratio, i0 is the 

main reducer transmission ratio, 
T is the Transmission 

efficiency, r wheel rolling radius (m), g is gravitational 

acceleration (m/s
2
), f is rolling resistance coefficient, CD is air 

resistance coefficient, A is windward area (m
2
), i is road 

gradient.  

IV. ELECTRIC VEHICLE SYSTEM PERFORMANCE 

SIMULATION 

A. Vehicle parameters 

The main parameters of the vehicle are shown in Table 4. 

Table .4. Basic parameters of the whole vehicle 

Parameter Numerical Unit 

Curb quality 1030 Kg 

Full load quality 1310 Kg 

Wheel radius 0.2805 m 

Transmission efficiency (ηT) 0.96 -- 

Air resistance coefficient (CD) 0.6 -- 

Frontal area (A) 2.27 m2 

Wheelbase 2500 mm 

Main reduction ratio (i0) 5.125 -- 

B. Simulation and Analysis 

This paper selects NEDC (new europe driving cycle) new 

European automotive regulations cycle conditions, and tests 

the changes in battery current, voltage and SOC parameters 

under NEDC conditions [10]. The NEDC operating 

conditions include 4 urban conditions and 1 suburban 

condition. The NEDC cycle conditions are shown in Table 5. 

Table 5. NEDC cycle condition 

Loop 

name 

total time

（s） 

Total 

distance                 

（km） 

Maximum 

speed               

（km/h） 

Average 

speed             

（km/h） 

NEDC 1180 11.00 120 33.6 

Figure 11 shows the simulation results of the vehicle speed 

follow-up simulation under the NEDC cycle condition. It can 

be seen that the target vehicle speed curve and the actual 

vehicle speed curve are basically coincident, and the error 

value is within 2 km/h, which proves that the built model can 

track the working conditions. The change in vehicle speed, 

according to the driver's demand output torque, verified that 

the drive control strategy is reasonable. 

 

 
Fig. 11 NEDC cycle condition simulation vehicle speed curve 

Figure 12 shows the simulation curve of the driving range 

under the NEDC cycle condition. It can be seen that the 

driving range of the offline simulation is equal to the total 

distance of the working conditions. Figure 13 shows the 

change in the accelerator pedal opening and the change in the 

corresponding motor torque under the NEDC cycle condition. 

It can be seen that when the vehicle speed is low, the vehicle 

has a large demand for torque; in the range of 800 to 1200 s, 

the vehicle speed is high, and the driving torque is mainly 

used to maintain the vehicle speed, and the driving torque 

demand is small, and the control is verified. The correctness 

of the strategy. 

 

 
Fig. 12 NEDC cycle condition driving mileage simulation 

curve 
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Fig. 13 NEDC cycle condition accelerator pedal and motor 

torque curve 

Figure 14 shows the battery SOC (initial SOC value set to 

0.8), discharge current and voltage curve under NEDC cycle 

conditions. It can be seen that the change trend and range are 

reasonable, which can prove the correctness and rationality of 

the vehicle model and control strategy. 

 

 
Fig.14 NEDC cycle condition battery SOC, discharge current, 

voltage curve 

V. CONCLUTION 

In this paper, based on three basic torque control strategies, 

a control strategy is proposed to determine the target torque 

by using fuzzy pedal opening and its change rate and SOC as 

the main input parameters. Based on Matlab/Simulink, the 

simulation model of electric vehicle is built and verified by 

NEDC. The simulation results show that the model can track 

the change of vehicle speed in good condition and meet the 

actual demand of the vehicle. The change of motor torque is 

consistent with the control strategy, and the changes of battery 

SOC, discharge current and voltage are reasonable. This 

verifies the correctness and rationality of the vehicle model 

and the drive control strategy, and has reference significance 

for further research on pure electric vehicles. 
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