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Instantaneous Torque Control
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Abstract: The traditional switched reluctance motor (SRM)
experiences significant torque ripple due to its doubly salient
stator-rotor core structure and switched power supply mode.
To address this issue, a novel low-torque-ripple
circumferentially staggered SRM was proposed. This paper
introduced the operating mechanism of the motor structure and
analyzed the inductance characteristics of the windings and
torque output. The motor adopted an inner-outer double stator
structure, where the rotor was equipped with both inner and
outer salient poles. The inner and outer stator cores, as well
as the rotor’s inner and outer salient poles, were staggered at
a certain angle. Auxiliary windings are wound on the inner
stator poles to provide auxiliary torque during the commutation
of the main windings, compensating for the torque drop and
thus reducing torque ripple. By utilizing field-circuit coupling
co-simulation, direct instantaneous torque control systems for
both the traditional SRM and the circumferentially staggered
SRM were constructed. A comparison of their torque ripple
performance under steady-state operation showed that,
compared with the traditional SRM, the circumferentially
staggered SRM

demonstrated excellent torque ripple suppression effects.

achieves smaller torque ripple and
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Fig.1 Topological of circumferentially staggered SRM
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Fig.3 Schematic diagram of winding distribution
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Fig.4 Three special positions
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Fig.5 Inductance and rotor position angle curves
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Fig. 6 Magnetic field lines distribution diagram
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Fig.7 Self-inductance and mutual inductance curves
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Fig. 8 Schematic diagram of torque arm
4 A B .C.a.b LLJ ¢ 7NAHGELH 43 51 i LAAH
S B HL UL , A 8 25 A LI A R 5 R 0 A A G
FZMh&anE o Fras, ol ISR A 2, fh g4
MEHE /N T TS, LA T8 A 6= 00K
), A AHFEH IR AR B, B AHER AR A T — A Bt
WA, a MEHE REGS R -F- 12, E— 2D RAIE T 2.1

RELESq o

B9 RUEESETNERMHL
Fig.9 Electromagnetic torque and rotor position

angle curves

3 EEBERIEERES

AR T B AR A, DITC JO i B B BE R
A R SRR MR RIS 2 (5 5
I L P i 22 LA 2 2 -6 5 R DR o DI 3R A 4 25 14
TR | AT R i 1 2 R 42 o 7 — i 1R 22 3
%07 12 S E O B PR RIS

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HIPL SR, 55 51 4, %59 1)
Electric Machines & Control Application, Vol. 51, No.9, 2024

95

3.1 DERTHRB=FTIEEK

BRI PR I B D A e A AR SR
FAEREIA 17 107 =17 =R AR, BLA
FER B, HARFN SR AN ] 10 i, Hoh v, RV,
e A MGRALPI I BT 548 b, PSS — A A
D,, I D,, Bils A MZE45 58 R m IFEk

B 10 IhERTHIB[MIMEN
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Fig. 11 Principle diagrams of different operating
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Fig. 12 Distribution diagram of excitation and

demagnetization phases
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Fig. 16 Speed and current waveforms
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Tab.4 Size parameters of SRM

Local current waveforms

SHAFR SHUH SHATR SHME
JE THME/mm 121 B TFHME/mm 69
FET N2/ mm 69.5 5 W%/ mm 30
JE THEJE/mm 5.9 b HE)E/mm 6.7
JE TR (°) 15 BT/ (°) 15
B/ mm 0.25 ZR4H I % 50
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Fig. 18 Torque waveform comparison diagrams
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Tab.5 Torque performance comparison table
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The switched reluctance motor ( SRM ) has
several outstanding advantages, including a simple
controllability  of

structure, low cost, high

parameters, a wide speed range, and easy

maintenance. However, SRMs tend to produce
significant torque ripple and noise during operation.
To address this issue, this paper proposed a novel
low-torque-ripple circumferentially staggered SRM.
The circumferentially staggered SRM featured an
inner-outer double stator structure, where the rotor
was equipped with both inner and outer salient
poles. The inner and outer stator cores, as well as
the rotor’ s inner and outer salient poles, were
staggered by a certain angle in the circumferential
direction. The inner stator poles were wound with
auxiliary windings, which provided auxiliary torque
during the commutation period of the main windings,

compensating for torque drop and thereby reducing

torque ripple.

Fig.1 Topological structure schematic diagram of
circumferential staggered SRM
To visually demonstrate the effect of the

auxiliary windings on reducing torque ripple, field-

Fig.2 Torque waveform comparison diagram

circuit coupling co-simulation was utilized to
construct direct instantaneous torque control systems
for both a traditional SRM and the circumferentially
staggered SRM. The torque ripple performance of the
two motors was compared under steady-state
operation. Simulation results showed that, compared
with a traditional SRM of the same dimensions, the

auxiliary windings in the circumferentially staggered

SRM  could effectively suppress torque ripple,
thereby  improving torque  performance.  The
circumferentially staggered SRM has significant

application values in fields that have high demands

for torque ripple reduction.
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