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Examination of Motor Model Considering Magnetic Interaction of Axial-
Flux SR Motor for Compact EV
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Switched reluctance (SR) motors are robust and inexpensive since they consist only of iron cores and
windings. Therefore, SR motors can be a potential candidate for in-wheel motors of electric vehicles (EVs). In previous
papers, axial-flux switched reluctance motors (AFSRMs) for a compact EV were prototyped, and novel control methods,
called variable commutation period control and average torque control, were also proposed. Both control methods can
expand the torque-speed range, especially in high-speed regions. However, a previous motor model of the AFSRM
cannot replicate both control methods and contains errors compared to measured values due to magnetic interaction.
This paper presents an improved motor model that takes magnetic interaction into account.
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Fig.1 Compact EV with in-wheel AFSRMs.
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Fig. 2 Structure of the prototype AFSRM.

Table 1 Specifications of the prototype AFSRM.

Exciting voltage 72V
Gap length 0.3 mm
Winding turns/pole 99 turns
Winding space factor 62 %
Weight 14.4 kg
Weight including case 32.3 kg
Core material 35A300

1 11 11
(+Vpe) (+Vpe/0)  (=Vpe)

™ -
1 I
2
|
1
Unaligned Aligned
6, : Excitation beginning angle
61 : Section I end angle
Section Phase voltage 6, : Excitation end angle

6. : Current end angle
7" : Command torque
Tiotar © Total torque

iy, Iy, iy : Phase current

I +Vpe
1l +Vpe [ 0 (Hysteresis control)
T —Vpe

Fig.3 Conceptual diagram of variable commutation period
control.
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(b) Variable commutation period control
Fig. 4 Speed - torque characteristics with TPTDC and
variable commutation period control.
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Fig. 5 Schematic diagram of V-phase flux flowing into an
adjacent phase.
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Fig. 6 Simulation model for the axial-flux SR motor.
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Fig. 7 Improved motor model considering magnetic
interaction.
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Fig. 8 Speed - torque characteristics with variable

commutation period control calculated by the proposed
model.
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Fig. 9 Comparison of measured and calculated current
waveforms in various torque and speed commands.
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Fig. 10 Voltage waveforms in variable commutation period
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Fig. 11 Speed - torque characteristics with average torque
control calculated by previous and proposed model with the
same coefficients K obtained from Fig. 8.
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