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ABSTRACT: Wide variation in speed from low speed crawling to high speed cruising, maintaining constant power
operation is the most desired characteristic of adriveusedin Electric Vehicles (EV). The
multiphase Induction Motor (IM) drive is capable of extending the constant power operation over very wide range of
speed with required torque for electric launch, straight and curved roadway and also hill climbing. In this paper a four
three-phase squirrel cage IM drive with common Direct Torque Control (DTC) — Space Vector Moduclation (SVM)
scheme applied to drive the four wheels EV is proposed. The variable speed operation can be achieved by the proposed
control scheme which eliminates the need of mechanical gear box which saves in weight and size of the EV. Phase
number appears to be slightly large, but with the advantages such as reduction in voltage rating of the power switch and
dc link supports the selection of large phase number. In addition high number of phases considerably reduces torque
ripple and increases efficiency by reducing slot harmonics, the performance of the proposed EV for the case of starting
and cruising modes are verified by using MATLAB/Simulink.
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I. INTRODUCTION

Increase in concern over the Green House Gases effect nowadays is becoming very serious. Slowly the Internal
Combustion Engine based vehicles are being replaced by Hybrid Electric Vehicle or completely Electric Vehicle. So that
by certain means the pollution is reduced or completely eliminated. Interest has been focused on the Two Wheel Drive
Electric Drive or Four Wheel Drive Electrical Vehicle; of which Four Wheel Drive Electric Vehicle has more
advantageous for any type of roadways. With independent driving motor at the front and the rear wheels it is possible to
control the vehicle speed in kind of aspects [1-4]. This kind of drive also gives the possibility to achieve accurate and
quick control of the distribution torque. Torque control can be ensured by the Voltage Source Inverter (VSI). Therefore,
this kind of vehicle does not require a mechanical differential gear or gearbox but the main disadvantage of these kind of
Electric Vehicles is to assume the car stability. During normal driving condition, all drive wheel system requires a
symmetrical distribution of torque in the both sides.

The Direct Torque Control strategy (DTC) is one kind of high performance driving technologies for AC motors, due to
its simple structure and ability to achieve fast response of flux and torque has attracted growing interest in the recent
years. DTC-SVM with PI controller direct torque control without hysteresis band can effectively reduce the torque and
flux ripple, DTC-SVM method can improve the system robustness and effectively improve the system dynamical
performance. The dc-dc converter is used with wide range in electric vehicles to assure the energy require for the
propulsion system.

The aim of this paper is to understand the lithium-ion battery comportment controlled by chopper, each wheels is
controlled independently by using DTC based SVM under several topology and speed variation.

Performance and simulation of proposed Four Wheel Drive is presented by using the Matlab/Simulink.
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Il. DTC-SVM

In this technique two proportional integral (PI) type con- trollers are used instead of hysteresis band regulating the
torque and the magnitude of flux as it shown in Fig. 1, by generating the voltage command for inverter control. Noting
that no decoupling mechanism is required as the flux magnitude and the torque can be regulated easily by the PI
controllers. Due to the structure of the inverter, the DC bus voltage is fixed, therefore the speed of voltage space vectors
are not controllable, but we can adjust the speed by means of inserting the zero voltage vectors to control the
electromagnetic torque generated by the Induction Motor. The selection of vectors is also changed. It is not based on the

region of the flux linkage, but on the error vector between the expected and the estimated flux linkage [5]. The stator flux
and electromagnetic torque are estimated by:

[l = |Wis + Wi
3 . .
Tem = Ep(qjdslqs - LIqulds)
I1l. PROPOSED ELECTRIC VEHICLE DRIVE

Figures 1 and 2 shows the individual DTC-SVM scheme employed for IM and the complete proposed Four Wheel
Drive schematic respectively.
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Fig 1. Block diagram of DTC-SVM
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Fig.2. Four Wheel Drive based on DTC-SVM scheme
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IV. RESULTS AND DISCUSSION
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Fig. 3. Simulink diagram of Four Wheel Drive.

As discussed above about the DTC, here the DTC system is extended or connected to simulink diagram of Four Wheel
Drive. The main blocks used in wheels system are torque actuator, differential, tire system, vehicle dynamics.

Torque actuator actuates a drive line axis and all connected inertias with the torque specified by the incoming simulink
signal. From the differential block the power is divided into tire inertia 1 and tire inertia. From the tire inertia it is fed to
the wheels. In this simulink diagram, the upper block represents two wheels in a single block and they are front wheels.
The lower block represents two wheels in a single block and they are back wheels. From the front and back wheels the
power is fed to vehicle dynamics. The speed is controlled by the pulses given by IGBT.
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Fig. 4. Torque.

The above fig is the electromagnetic torque generated from induction machine. This torque is fed to the four wheel drive.
Initially the torque is high and after that it remains constant.
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In the above current waveform no
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Fig. 5. Phase Current.

over currents existed because required current is generated from induction machine.
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Fig. 6. Line Voltage.

Figure above shows the line voltage fed to the Induction motor drive.
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Fig. 7. Force on Wheel.

The above fig represents the force on wheel of the vehicle. Initially the friction is high and after it is constant.
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Fig. 8. Vehicle Speed.

The above graph represents the vehicle speed with induction machine of 3HP with three-phase, 60 Hz frequency. As it is
the Electric Vehicle and not the IC Engine Vehicle, the speed is achieved instantaneously as it is observed from the Fig.
the vehicle behaves in acceleration mode until 0.2s, from 0.2s to 6s it is in constant acceleration mode and then from 6s it
works in deceleration mode.
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Fig. 9. Angle of Sector.

Figure shows the angle of the sector that is it is the angle between the stator flux and the rotor flux.

VII. CONCLUSION

In this paper, torque distribution control system for four-wheel-independent-drive electric vehicle is outlined. The system
is based on applying a differential torque between the right and left front wheels to minimize the difference between the
actual steering torque and the reference steering torque, which is mapped by the vehicle speed and steering wheel
position. The simulation results prove that the direct torque control based space vector modulations improve the driving
wheels speeds control with high accuracy in curved road or in slopped ones. The road topology disturbances, the driver
decisions do not affect the performances of the driving motors in the other hand the proposed control gives good dynamic
characteristics of the traction chain. It can be concluded that this novel power control DTC-SVM strategy, which is based
on the characteristics of independent drive of electric vehicle, may be applied to four-wheel- independent-drive EV in the
future.
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