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Abstract. Switched reluctance motor (SRM) is potential to be applied in electric vehicle as an
in-wheel drive motor because of its unique feature, such as being allowed to operate in a wide speed
range with high efficiency. In this paper, a field-circuit coupled dynamic model is developed with
2D finite element method in Maxwell being proposed to compute the performances of a
10kW/800rpm SRM using the angle position control (APC) strategy. The nonlinear magnetization
characteristics have been considered and calculated by FEA. The magnetic fields, windings current,
the electromagnetic torque and the terminal characteristics of the prototype SRM are investigated.

I ntroduction

In-wheel motors for electric vehicle (EV) application is a hot topic among researchers due to
environmental concerns[1]. It greatly simplify the mechanical part of the electric vehicle. In last
decades, both radial and axial flux permanent magnet (PM) motors are widely used in most of the
in-wheel applications [2,3,4]. PM motors offer the highest torque density and therefore will
potentially have the lowest weight for given torque and power rating. However, fixed flux magnets
limit the speed range of the motor, and there are the dangers of demagnetization phenomenon in
permanent magnets. The induction and switched reluctance motors, which have similar torque
density, have also been used as in-wheel drive motors [5,6].

Comparing with other motors, SRM is potential to apply in EV applications on account of its
simple and reliable structure. SRM enjoys flexible control, high efficiency in a wide range of speed,
and easy implementation of four-quadrant operation, which is much more important for
improvement of electric vehicle performance [7].

However, due to the double salient structure of the SRM, the non sinusoidal currents and the
magnetic saturation in the motor core during motor operation, the simple and unified mathematical
model and analytical equation can not be get easily [8]. The finite element method is a kind of
discrete mathematics method which is based on the magnetic field analysis, the SRM model can be
precisely built by the method, the SRM performance can be comprehensively and systematically
analyzed [9].

In this paper, a new field-circuit coupled finite element method by using Maxwell is developed
to simulate a 3-phase, 12/8 pole, 10kW/800rpm SRM and its control system. The magnetic fields
distribution, the torque, the currents of the SRM with outer rotor are presented.

The In-wheel SRM M odel

The model's main dimensions are determined with the design specifications listed in Table 1.

Table 1 Main Dimensions

Rated Power (kW) 10 Rated Speed (rpm) 800

Rated Voltage (V) 282 Shaft Length (mm) 150

Stator pole number 12-pole Rotor Pole number 8-pole
Stator OD (mm) 95 Rotor OD (mm) 154
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Stator ID (mm) 30 Rotor ID (mm) 95.5
Stator yoke thickness(mm) 20 Rotor yoke thickness (mm) 12
Stator pole arc (degree) 15 Rotor pole arc (degree) 16

The two-dimensional finite element model was created through finite element analysis software
Maxwell 2D, and a cross section is shown in Figure 1. To achieve a maximum flux of phase
windings, the coils should be anti-series connected and an almost linear phase flux waveform can be
obtained. As the finite element model of SRM was built, the dynamic simulation could be operated
by the transient module of MAXWELL 2D.

Fig. 1. The 2D geometric model for in-wheel SRM

The Control Srategy of SRM

The external circuit is composed of power converter model and the driver circuit (shown in Fig.
2). The on/off of the main switched tube is depended on position signal of the rotor, so the rotor
position P is a variable, the commutation signal for power converter is provided by rotor position P.
In a power converter, the each phase equivalent winding is composed of the coil LA-LC of a SRM,
coil resistance of RA-RC and the leakage inductance of the ends (LAend, LBend and LCend) series
together, S 1-S 6 are served as the main switches. In the drive circuit, VSA, VSB and VSC are
served as the controlled voltage sources, according to the rotor position, which generate pulse
voltage signal to control voltage switches S 1-S 6, then each phase winding is alternately
electrified[10].
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Fig. 2. The power converter model and the drive circuit for in-wheel SRM

As we can know, field-circuit coupled method puts the terminal voltage of the motor as the
known quantity, combines the finite element equations of the electromagnetic field with the winding
circuit equations through the electromotive force (EMF) of stator windings and solves the magnetic
vector potential and the current in the windings directly, which omits the current iterative in the
process of the finite element analysis and improves the calculation accuracy of 2D electromagnetic
field greatly by considering the motor end effect at the same time. So we use it to the study.

The system of external circuits and models defined by ANSOFT software can be simulated.
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Simulation Resultsand Analysis

The simulation parameters of the finite element are adopted as following, power supply is
DC-282V, the cycle of switch conduction is 45°, so a phase conduction intervals is 15°. When angle
position control is used, the given speed is 900rpm.

In this study, the angle position control method is used to adjust the value of output torque and
reduce the ripple of the torque by changing the turn-on and turn-off angles. We arrange the
simulation data that the maximum, the minimum and the average values of the torque (Tmax, Tmin
and T,y) under different initial position angels in the Table 2 and different conduction angels in the
Table 3.

Table 2 Torque Data of Different Initial Position Angles
Initial conducti Trax Thin Ta
position onangle (N'm) (N'm) (Nm)
angle (deg) (deg)

12 14.5 108 16 62
7.5 14.5 152 16 84
5 14.5 180 10 95

From the Table 2, we can find that conducting the main switches ahead can ensure the output of
the motor and get the required torque and power, but, if the initial position angle is too small, the
effect will be little and making new problems. So during the simulations as following we set the
initial position angle to 7.5deg to make the center line of the stator tooth wound by coil Al being
aligned with the center line of the rotor slot between the two poles P1 and P2.

Table 3 Torque Data of Different Conduction Angles
Initial conducti Toax Tinin Ta
position onangle (N'm) (N'm) (N'm)
angle (deg) (deg)

7.5 12 152 4 78
7.5 14.5 152 16 84
1.5 19.5 154 98 126
7.5 22.5 148 92 120

From the Table 3, we can find that when the time of power supply increases, the width of the
current waveform will increase. Along with the 0,4 moving backward, the output torque ripple will
be smaller obviously. But the turn-off angle should not be too large.Because the torque waveform

becomes worse without ripples reducing.
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Fig. 4. The torque and currents waveform when the initial position angle is 7.5deg and the conduction angle is
19.5deg

The turn-on angle 0,, of the main switch devices has very obviously effect on the control of the
current size. Conduct the switches ahead, namely, reduce 0,, to increase the time when the current
rises linearly, then the peak current and the width of the current waveform will increase so that the
motor output torque and power will improve. But the output power will increase little when the 6,
is too small, and it will reduce the efficiency.

Summary
This paper focuses on the performance simulation of a in-wheel SRM (10kW/800rpm) for EV
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applications. All studies show that we can adjust the turn-on angle 6,, and the turn-off angle f,¢to
change the current peak value and rms value, then produce the desired torque. The conclusions can
be obtained as follows:

(1) In order to ensure the output of the motor, the switches should be conducted ahead, namely,
reduce the 6,,to improve the motor output torque and output power. But the output power of the
motor will increase little when the 6., is too small and it will reduce the efficiency, bring on the
vibration and noise; and the operation stability of the motor will be worse correspondingly.

(2) The 6.¢ has effect on the waveform of the phase current. Along with the 6,4 moving
backward, the output torque ripple will be smaller obviously. It also can regulate the current size
and shape by adjusting the Go.
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