53K FE S
2026 45 A 25 H

HLAIL-S5 4 O

Electric Machines & Control Application

Vol.53 No.5, May, 25, 2026
CCBY-NC-ND 4.0 License

DOI: 10. 12177/ emca. 2026. 164

XEHS:1673-6540(2026)05-0500-12

FE5ES . TM 352 XHERARERD - A

B T Bt 4% 56 53 e oF £ B 5 3 55 AR

75 i3 FF 3% i BEL Pl #1428 5 96
e, x| E K

(T KF A IR, T kW

110870)

Control Strategy for Axial Stagger High-Speed Switched Reluctance Motor

Based on Improved Torque Sharing Function

Ren Guangxu, Liu Aimin

(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: [Objective] The axial stagger high-speed switched
reluctance motor employs dual stator-rotor sets with a
staggered angle to mitigate the high torque ripple inherent in
conventional switched reluctance motors (SRMs) due to their
double salient structure and nonlinear magnetic circuit. In
order to further reduce the torque ripple and improve the
efficiency of the motor, a new torque sharing function strategy
for switched reluctance motor with stagger structure is
proposed in this paper. [Methods] The strategy, aimed at
the steady-state operation phase, takes into account the two
sets of stator and rotor are in single-phase conduction and
single-phase conduction and two-phase exchange conduction
respectively. The former allocated the torque of the two
conduction phases according to the torque per square ampere,
while the latter used the torque generated at the single-phase
conduction side to compensate for the lack of torque at the
two-phase exchange side, in order to achieve optimal
allocation of torque to each phase winding on both sides of the
motor. What’ s more, in order to ensure the reliability of the
control system, the operation process of the control system
was designed. The current chopping control strategy was
adopted in the start-up phase to limit the current peak while
ensuring the rapid tracking of the given speed. The torque
sharing function in the transition phase was designed to realize
the smooth switching from the start-up phase to the steady-
state operation phase. Finally, a simulation model of the
motor control system was built using Simulink to verify the
effectiveness of the control strategy proposed in this paper.
[Results] The transient simulation results indicated that the
proposed control strategy optimized the speed regulation time
and overshoot, ensuring a smooth transition between the start-

up phase and the steady-state phase, thereby verifying the

reliability of the proposed control strategy. The steady-state
simulation results demonstrated that the torque ripple
coefficient and torque current ratio of the improved torque
sharing function strategy were superior to other four traditional
torque sharing function strategies under both low-speed and
high-speed conditions. [ Conclusion] The control strategy
proposed in this paper has the feasibility and stability, which
can reduce the torque ripple and improve the efficiency of the
motors, and provides a new idea for improving the control
performance of high-speed switched reluctance motors.

Key words: high-speed switched reluctance motor; stagger

structure ; torque per square ampere; torque sharing function
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Torque Sharing Function
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Fig. 1 Topological of ASHSRM
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Fig.2 Rotor staggered angle cross section
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Fig.3 Schematic diagram of ASHSRM
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Fig. 4 Schematic diagram of cosine-type TSF
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interval division for each phase of ASHSRM
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RSk Bl 55 B v PR LG A R o
TIRAS BT B BOT LA BT

BT S 18] P35 R ik B R B

T -T

ma;

K, = Tim x 100% (17)

LT, 5T BRI R RS M,
T, LA ] P T

A PR AL HL R TR T T
SE AT 1, B VLA, B R O LUK, 0
7 R 0 R P RN B B
W BRI R

— — (18)
ol l; i,de
KN, LT m LS,

16 5K 17 45 € 5% 4 3 000 1/min , 11 %
1 Nem T80F, R A4 %% TSF 5 TPSA-TC-TSF
P T RSB AT W By 8 T 45 A LI 45 A %
5 SO K K rh I 6, =70,

X E A BLPE AT A, AR TR, AR ik A
TSF 7 A DX Jily i A 5 1 A A P 38 359 1 B0 0 A
PR R s et TS A il i AF 5 38 AR 43T
YRGS /D (45 Z 2 B/, B D5 — M A
3 A RMEE R A (A SRR R A TR AR
XU R 2 724 A T3 B, A 5% A TSF A5 — M
TR, T R TSF $e 0 H 0 7 o e
WA IR, SR TSF RIS 5 19 73
/N, A B L H 0,110 13 L&
0.117 67, I TF & & 6. 8% ; %% 45 ik 3h & ¥ i
0.082 51 FF&ZE 0.074 63, FFFEIEEE 9.6%

18 5 19 25 3 20 000 r/min | 11 2
1 Nem TOLF, R4 5% A TSF 5 TPSA-TC-TSF
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Torque Sharing Function

E 16 3 000 r/min,1 N-m #JR5ZE! TSF FEKMAERF
Fig. 16 Steady state waveform plot of cosine
TSF under 3 000 r/min and 1 N-m

E17 3000 r/min,1 N-m # TPSA-TC-TSF 275
HEIRR
Fig. 17 Steady state waveform plot of TPSA-TC-TSF
under 3 000 r/min and 1 N-m

T T RSB AT B T 45 AH HL I 45 AH G JE
5 REENROV I o e 6, =3.5°,

AR TG T 00, 8 o T 00 T 45 A 7 S BR
Z 25 R (R M JRE T K DR A 2/ N Y 3 A R
PRI EAH 518 B AH S AH X ], R 16 ~ ] 19
AIH, B3 T 00 R A 9% TSF 56 W B4 % 4 ik 5 W i
K TR T, TPSA-TC-TSF X 4% FH % S 5 387 43
B, Fo 53 FI A AR GE 20 77 AE F A e ) KA 338 X
6], AR Bk sh 280k 0.195 61 TR 0.103 48, F
FRMRRE 47.1% WE(E M 13.9 A FFEE 11.4 A,
FEARHR LA 0.106 97 LFHE 0.114 98, £t 1iF
B 7.5%

25553 3 000 r/min 5 20 000 r/min, 7%

B 18 20 000 r/min,1 N-m BJRZE TSF BEHEKE
Fig. 18 Steady state waveform plot of cosine
TSF under 20 000 r/min and 1 N-m

E19 20 000 r/min,1 N-m #J TPSA-TC-TSF &7
HERR
Fig. 19 Steady state waveform plot of TPSA-TC-TSF
under 20 000 r/min and 1 N-m
1 Nem TAF RIS RAUESE TSF 5A I
f8 TPSA-TC-TSF 5 W ) A5 25 % FE Dk 3 5 56 L v
VHT A2 RIS 3, LR L4 BT 19 7
P [A)— T 2% 4 i SR 04 O 38 A 0, DR A7
F2 REIRTENEESEIIE
Tab.2 Comparison of performance parameters

of motor under low-speed condition

P SR mg FEHE Ik Bh AL AL
A% TSF 0.082 51 0.110 13
HZL TSF 0.079 59 0.108 75
&% TSF 0.076 23 0.104 03
3J5 TSF 0.086 13 0.110 23
TPSA-TC-TSF 0.074 63 0.117 67
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*3 BEIATHEIIEESHIIE
Tab.3 Comparison of performance parameters of

motor under high-speed condition

P 1 SR s AR K B R AL e JE FL 3L
AXI% TSF 0.195 61 0.106 97
B4R TSF 0.162 49 0.106 23
554 TSF 0.313 08 0.106 49
SLJ7 TSF 0.182 51 0.107 37
TPSA-TC-TSF 0.103 48 0.114 98

—5, 2~ 3, it ) TPSA-TC-TSF
FMEFSPERBAUL T 4 9% B TSF Sk g, A T
HAM FEBON 75 R TSF S gk — IR T
JIT i TPSA-TC-TSF 5 W& 7F the 3% ASHSRM Fa 75 7
RE 7 T A A0

6 4&iE

ASCEF X ASHSRM R &2 1By Beseih 7 —
o P R 43 T R S ) SR 2 S e AR A1 2 i
HL L 7 EERT 357 A PR S RS A A SR 4
TGRS, [R) B oA 7= A 7 e T B A 1) B A
AN ZELH 53 BE BT Z2 R 50, DLy %I A AR ) oy =
HEREHRRR R oAb, ek RGBS TERE it
B RGBT IR , R o0 My BEOR FH H U I 4 o
M, FEVE AT I o B e 2 3 I pR LA S B B
B Bt SR IB 1T B At

ARCHTF Simulink $5 8 T ASHSRM F5 il 240
D EAERY AT B0 B4 AT, RS 7 LA R SR
B, B Y TPSA-TC-TSF 42 1 56 s ] DLk 3% 8
ShFER BOE N A S e, B R R kST
SEVE, RSO EAE SRR AR Y TPSA-TC-
TSF ¥ I SRME AR T PUFP L SE TSF S0 A 253 il
HALAFE K Sh , B ALY TAEROR e S i
SYRRI- G i — LRI TR LAY T4k

g5 MR AR
FTAVEE 75 AAAEAE R 25 0P 5
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