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Abstract: Torque drop during winding commutation is one of
the main causes of significant torque ripple in switched
reluctance motors. Based on an analysis of the causes of
torque ripple in conventional switched reluctance motors, this
paper studied a torque ripple suppression method that
combined structural optimization with direct instantaneous
torque control to address this issue. The method added an
internal  stator and auxiliary windings, forming a
circumferentially staggered switched reluctance motor. The
auxiliary windings on the internal stator provided
supplementary torque to compensate for the torque drop in the
main windings on the external stator during commutation. A
direct instantaneous torque control strategy was then
designed, which switched the operating mode of the power
converter based on torque deviation signals and sector signals,
offering fast response and precise torque control. Finally, a
field-circuit ~ coupling  co-simulation ~ environment  was
constructed for the six-phase winding of the motor. The torque
and speed characteristics were comparatively analyzed under
three  operating  conditions;  starting,  acceleration/
deceleration, and load increase/reduction. The simulation

results showed that the improved motor exhibited excellent
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torque  ripple  suppression and  good  operational
characteristics.
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In recent years, China has actively advocated

for environmental conservation and vigorously
promoted the “dual-carbon” policy. As a result,
electric vehicles, as new energy vehicles, have
gradually increased their market share. Motors,
being the core component of electric vehicles, should
possess advantages such as structural stability, high
reliability, low cost, rapid acceleration, and a wide
speed regulation range. Among these, switched
reluctance motors ( SRMs) particularly stand out.
However, owing to the double salient pole structure

SRMs

experience significant torque ripple during operation,

and pulsed power supply mechanism,
which negatively affects the smoothness and comfort
of electric vehicle operation, thereby limiting its
wider application and further development.

To address this issue, this paper investigated a
circumferentially staggered SRM. The external and
internal stators were mutually offset by a certain
angle in the circumferential direction, with auxiliary
windings on  the internal stator  providing
supplementary torque to compensate for the torque
drop in the main windings of the external stator

Fig. 1

inductance curve of the circumferentially staggered

during phase commutation. showed the
SRM. During phase commutation of the main
windings on the external stator, the inductance of the
auxiliary winding remained in an ascending phase,
providing torque compensation to offset the torque

drop during commutation, thereby suppressing torque

ripple.

Based on a field-circuit coupling co-simulation
environment, the direct instantaneous torque control
system of this motor was modularly constructed, and
simulation tests were conducted under various
operating conditions, such as starting, acceleration/
deceleration, and load increase/reduction, to
analyze its torque and speed performance. The motor
model was developed using finite element software,
which not only avoided the need for complex
mathematical model derivations but also directly
provided feedback to the control circuit about the
actual torque, eliminating the need for a torque
estimation stage. When the motor’ s structure,

parameters, and control strategy were altered,
corresponding adjustments could be made within the
relevant modules. This field-circuit coupling co-
simulation method was highly portable and valuable
for quickly verifying the effectiveness of structural
designs and control strategies during the research

process.
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