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Abstract— In this work, we developed an EV drive train 

configuration with the help of AC motors. The developed 

model contains a battery source, AC motors (Induction 

squirrel cage) and Synchronous (PMSM), motor controller 

DTC (Direct torque control) and FOC (field Oriented 

control), PI control, wheels configuration (Front and Rear) 

and vehicle body. The three-phase squirrel cage induction 

motor connected at rear wheels and synchronous motor 

connected at the front wheels. We proposed two control 

methods with PI configuration for speed control of AC 

motors. Grey wolf optimization used to optimize the gain 

parameters of PI control. GWO based optimized PI 

controllers can adjust their gains values (Kp and Ki) in 

correspondence to deviations of EV speed and torque and 

results in stable speed and torque conditions. The model 

developed on the Simulink tool of Matlab.  
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I. INTRODUCTION 

In the present days, the vehicles are heavily used for common 

transportation applications. The conventional energy sources 

like oil and gas were used as fuel sources of different vehicles. 

Since the year 2000, electric vehicles are commonly used in 

various countries. Within the previous few years, the electric 

vehicle is a good topic for the research community. The drive 

train can be the main challenge for the researchers. 

 
Fig. 1: EV schematic arrangement [3] 

Figure 1 shows the schematic arrangement of the 

Electric vehicle drive train configuration. In this 

configuration, a battery pack is used to provide the dc energy 

to the circuit which is further connected to the inverter circuit. 

In this basic configuration of EV, the four wheels are 

used. Two wheels are connected in the front portion called 

front wheel drive. Rest of two wheels connected at the rear 

portion of the drive, so it is called real wheel drive. Both the 

ends wheels are connected through the differential. The 

differential is provided the balancing to the rear and front 

wheel drive system. The differential portion represents a gear 

mechanism that allows the driven shaft to spin at different 

speeds. The fidelity of the gear model improved by specifying 

the parameters of the differential gear system like gear inertia, 

meshing, and viscous losses.  

A battery pack is used as the source of the electric 

vehicle model. A lithium-ion battery fixed in the modeling of 

Electric Vehicle (EV) which provides input supply both the 

motors connected across the front and rear end of the model. 

The induction motor and synchronous motor used 

for the driven portion of the electric vehicle due to their 

several advantages as studied earlier. On the rear wheel, a 

squirrel cage induction motor is connected due to high 

efficiency and high starting torque requirement. An induction 

motor has both characteristics efficiently. The high starting 

torque demand is complete by the induction motor which 

helps the electric vehicle in the initial stage. At front wheel 

portion, the synchronous motor is connected due to their high 

power density and constant speed characteristics. The control 

operation performed by the inverter which provides three 

phase ac supply to the induction and synchronous motor. 

II. OBJECTIVES 

The EV performance is dependent upon the battery of EV; 

less is the battery consumption more is the performance. 

Battery discharge of EV mainly depends upon the vehicle 

configuration and driving style. Driving style is very 

unpredictable though ideal driving behavior is defined in each 

scenario like in the city, on highways, etc. So researchers 

mainly focused on optimizing the vehicle configuration. 

Previously the configuration was optimally designed by 

weighted Genetic Algorithm by J. J. Eckert (2017). But the 

GA is very old and local optimization algorithm which stuck 

at local minima. The optimal configuration at the output of 

GA may not be optimal in actual. GA lacks in case of multi-

objective and multi-constraint optimization problems 

whereas EV vehicle configuration optimization is a multi-

constraint and multi-objective problem.  

Considering the following points, objectives of proposed 

work are; 

 To minimize the battery discharging to improve the EV 

performance 
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 To use global heuristic optimization name Grey Wolf 

optimization Algorithm (GWO)to minimize the battery 

discharge considering the tire torque, wheel torque, 

number of electric motors, drive train torque and speed 

as dependent parameters.  

 To compare the results of improved vehicle performance 

with GA and GWO. 

III. RESULT AND DISCUSSION 

The proposed EV prototype structure is shown in figure 2 that 

consists of independently controlled front and rear wheel 

drive systems to enhance the driving performance and to keep 

the anticipated torque and speed conditions in EV is verified 

in Matlab/Simulink environment. As formerly mentioned, to 

increase the steering ability in traffic congestion and the 

requirement of efficiently generated torque at the low-speed 

permanent-magnet synchronous motor (PMSM) is used in the 

front drive system. To maintain driving torque under high 

speed and overload conditions induction motor (IM) in the 

rear drive system is preferred. The rotor of these motors is 

straight coupled with a respective differential gear, and with 

the help of these gears, the generated motor driving torques 

are transmitted to the respective wheel sides. 

Parameters Values 

Total EV mass 980 kg 

Wheels per axel 2 

Gravitational acceleration 9.83 m/s2 

Vehicle frontal area 1.8 m2 

Differential efficiency 0.9 

Drag coefficient 0.33 

Wheel radius 0.406 m 

Tire peak friction coefficient (μ) 0.9 

Inertia for drive shaft 12 kg.m2 

Lateral inertia 4.12kg.m2 

Beta value 15 

Engine RPM 1600 

Table 1: Simulated EV body parameters 

A. System Parameters 

The used parameters for EV body, front and rear wheel drive 

systems and controllers in proposed EV simulations are with 

this given in this section. Firstly, the EV body parameters are 

similar to the reference [3] with some necessary 

modifications are given by using table 1. 

The rear wheel drive system parameters used for the 

simulation and their values are shown by using the table 2 

Parameters Values 

Stator resistance; Rs (p.u) 0.0139Ω 

Stator leakage inductance;Lls(p.u) 0.0672 H 

Rotor resistance, referred to the stator 

side;Rr(p.u) 
0.0112Ω 

Rotor leakage inductanc referred to the 

stator side;Llr(p.u) 
0.0672 H 

Magnetizing inductance;Lm(p.u) 2.717 H 

Moment of inertia;H 0.2734kg.m2 

Number of pole pairs;p 2 

Friction coefficient; F 0.0106 

Rated frequency, fn 60 Hz 

Table 2: rear wheel drive system parameters 

The front wheel drive system parameters used for 

the simulation and their values are shown in table 3 

Parameters Values 

Permanent magnet flux linkage 0.03 weber-turns 

d-axis inductance;Ld 2e-4H 

q-axis inductance;Lq 2e-4H 

0-axis inductance;L0 2e-4 H 

Stator resistance,Rs 0.013Ω 

Moment of inertia; J 0.2kg.m2 

Number of pole pairs; N 6 

Nominal frequency, from 60 Hz 

Table 3: front wheel drive system parameters 

Furthermore, the wheel drive systems are controlled 

with the help of individual controller and PWM inverters. EV 

management controller throughout supervised the considered 

wheel drive systems. Moreover, it appropriate controls the 

front and rear wheels distributed torque rendering to running 

conditions and result in enhanced EV operating efficiency 

overall speed regions. 

B. Simulation 

To describe the behavior, speed and torque characteristics of 

the proposed EV wheel drive system, simulations are carried 

out using the model built in Matlab/Simulink which is shown 

in figure 2.  

 
Figure 2 proposed EV wheel drive system Simulink model 

The simulation results of the proposed EV wheel 

drive system are presented into two phases. Firstly, 

simulations are carried out to get the EV performance with 

the help of individual PI controllers for both front and rear 

wheel drive systems. \Also, the direct torque controllers 

(DTC) are tested MATLAB/Simulink environment and their 

impact on the four-wheel drive (4WD) Electrical Vehicle 

system model to achieve the desired torque and speed 

conditions is presented. The DTC gives a fast response of flux 

and torque control for used drive systems. The speed for both 

front and rear wheel drive systems are calculated 

independently for getting better tuning of used PI controllers. 
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Also, their differential systems that distribute power and 

torque to the connected wheels as per the requirements and 

adapts according to the actual driving speed. As we are using 

PI controllers, the control performance of these is very easy 

to understand and is very easy to implement in practical 

applications. However, a lot of skills and time is required for 

the tuning of PI controllers gains in the actual environment 

and every time we have to change the values of proportional 

and integral gain under different conditions to ensure optimal 

performance of 4WD-EV.  

 
Fig. 3: GWO optimizer convergence curve 

In the second phase, a “Grey Wolf Optimizer” 

(GWO) along with PI-based DTC controllers in proposed EV 

drive system model is used. With the help of this optimizer, 

the problems associated during the tuning procedure of PI 

controllers are minimized. The help of GWO increases the 

possibility of achieving quick and accurate control on speed 

and distribute torque. Also, this optimizer helps in getting 

better speed and torque stability performance for the 

considered EV. The optimization process, theory, and 

working of GWO considered for EV are mentioned in the 

previous chapter.  

The simulation results of both controlling phases, 

i.e., with and without GWO optimization analyzed to show 

the feasibility of the proposed EV drive system model. The 

speed and torque control of EV is executed through the torque 

distribution in front and rear wheel drive by the following 

running modes. Figure 3 shows the GWO optimizer 

convergence curve. 

1) Initial Starting mode 

At starting this mode appears, when the key connected with 

the battery source is turned on the front, and rear wheel drive 

motors get the supply and start functioning. And EV starts 

accelerating and the generated reference torque from the 

accelerator distributed to rear wheel drive system. 

Instantaneously after sensing the rotor position, it shifts to 

normal mode operation, and that is favorably distributed to 

the front drive system. Figure 4 shows the comparison of un-

optimized and GWO optimized front wheel drive system 

speed. In this figure, it is seen that un-optimized speed is 

oscillating to its reference speed; this is because we 

conventional PI controllers are used in this phase. This can 

result in unstable steering and seed operations and a lot of 

efforts are required to make EV stable. This oscillating speed 

also creates a safety issue for the passengers. Also, the un-

optimized EV drive system requires almost 4 seconds making 

the speed constant. On the other hand, by using an optimized 

controller, we can obtain stable speed which is almost equal 

to the front wheel drive reference speed. Also, to the reduced 

speed error, the controller takes the very small time of 0.25 

seconds to attain its reference value. And also, by the help of 

GWO optimizer generated oscillation in EV speed is 

eliminated. In rear wheel drive, system speed curves are 

shown in Figure 5. This figure shows that this speed becomes 

stable in very less time and rear wheel drive speed also 

becomes synchronized with the front wheel speed of 1600 

rpm.  

2) Normal Running mode 

In this phase, the generated reference torque is mainly 

distributed to the front wheel drives and results to attain the 

steering stability on poor road conditions. Also, the 

distribution of torque in the rear wheels is done in such a way, 

that rear wheels are always in agreement to the speed of the 

front wheel drive systems. In figure 4 and 5 we can observe 

that during normal running conditions the speed of both front 

and rear wheels are becoming stable having a value of 1600 

rpm. And we can easily saw the synchronization between 

these wheel drive systems. 

 
Fig. 4: Front wheel drive speed 

 
Fig. 5: Rear wheel drive speed 

Figure 6 shows the optimized total EV speed, in this 

figure from 0to 4 seconds, i.e. in initial starting and 

acceleration mode the speed of the EV is increasing. After a 

time of 4 seconds, the speed of the EV becomes almost stabl, 

i.e. EV is running in normal mode. 
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Fig. 6: Optimized total electric vehicle speed 

Fig. 7: Optimized rear wheel driving torque 

Figure 7 and 8 shows the optimized generated rear 

wheel driving torque and front wheel driving torque 

respectively. During initial starting mode and acceleration 

mode as large torque is required, in this acceleration period 

both wheel drive system act simultaneously and supports 

each other at every instant of time and provides large torque 

as shown in figures. EV optimized management controller 

throughout supervised the considered wheel drive systems. 

Moreover, it appropriate controls the front and rear wheels 

distributed torque rendering to running conditions and result 

in enhanced EV operating efficiency overall speed regions. 

 
Fig. 8: Optimized front wheel driving torque 

IV. CONCLUSION 

The Proposed EV wheel drive system which is having 

individual front and rear control, improves the EV 

performance such as torque and speed stability, steer ability, 

drivability, and safety at low speed and high-speed 

operations. Also, the wheel drive systems were founded in 

such a way that above stated EV performance requirements 

attained more efficiently. The drive systems are also 

successfully synchronized in such a way that, if in some 

adverse conditions torque generated from the front wheel 

drive is found insufficient to drive the EV at desired speeds 

at the same time rear wheel drive system provides the 

adequate torque to the EV. In this work, firstly this 

synchronization and controlling of the drive system are 

achieved by conventional un-optimized PI controllers. Then 

later on the performance of drive controllers are further 

increased by the help of GWO along with DTC. 

The simulation results also show the effectiveness of 

used optimization over PI controllers. Optimized EV system 

model achieves stable speed and torque in starting and normal 

running mode operations very quickly. Also, the results with 

GWO optimization are very accurate as compare to un-

optimized controls. Thus the implementation of GWO in EV 

wheel drive control system is found successful. 
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