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Soft chopping PWM control of switched reluctance motor based on DITC

CAI Yan, LIU Hui
(School of Electrical Engineering, Tiangong University, Tianjin 300387, China)

Abstract: In response to the problem of large torque ripple caused by traditional direct instantaneous torque control
(DITC), which only applies a fixed voltage to the winding at each sampling cycle and cannot adjust the voltage
at both ends of the motor winding in a timely manner based on the magnitude of torque error, a control method
that combines soft chopping PWM control with double hysteresis DITC control is proposed. This method can ad-
just the average voltage applied to both ends of the winding in a timely manner based on the magnitude of torque
error. It also redefines the conduction regions, formulates appropriate control strategies according to the charac-
teristics of each region, and thereby achieves the goal of suppressing torque ripple. A simulation model of the
system was constructed based on MATLAB/Simulink, and the torque ripple of the traditional DITC control strat-
egy and the novel PWM-DITC control strategy were compared. The influence of different hysteresis widths and
switching frequency torque ripple was explored. The simulation results show that the proposed PWM-DITC con-
trol method overcomes the disadvantage of traditional DITC control that cannot timely provide appropriate voltage
to both ends of the winding based on the magnitude of torque error, effectively suppressing the torque ripple of
the switched reluctance motor (SRM), compared with the traditional DITC control, the torque ripple is reduced
by 8%-16%.
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Fig.1 Structure diagram of traditional DITC system
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Fig.13 Traditional DITC control simulation waveform when

speed is 400 r/min and load is 2 N-m
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SREERWY  JTSEMR 555 DITC #4EKSI/ PWM-DITC 56 ik 3/

s kHz % %

10.0 100 23.8 22.8

12,5 80 24.5 232

20.0 50 25.8 233

25.0 40 285 234

50.0 20 315 23.0
100.0 10 58.9 337

H13% 3 AL XFEE 2 RROANIR DT i T AR ISl , O
IR B, AZSE DITC 45 AT LA G H i i % 46
ksl (H B T SR AR, T2 A 300 oA [ — 4 [
TARRASE T B )5, AN BE S B AR 3 5 R 22
R/ 2 e P A 1 A L 1, HLARSE DITC 45

TR 2% 5 32 B AR AU 5 A, PWM-DITC $
il BE % 13 95 54 b 18 2 A0 = A R R M5 5 St 3t i
LS P Y U, AR SRM 56 ik
31, H PWM-DITC ¥ 52 RAE JE I FE M BN, Tk
WOTF RN JE T IGBT FT KAz B i R I AR LA
KRR 0 (8] P TR B ), LG, £
FCHIF AR BRI E 20 kHzo
34 HiEF IR RSN

FEANFFH T, 78358 1 Nom F1 2 N-m B,
{455 DITC 45815 PWM=DITC 45 41 (14 % 4 ik sh 1%

% 4 Fs,
F4 FREHR.FRHLEHTHES DITC =551 PWM-
DITC #= R Rk N

Tab.4 Torque ripple of traditional DITC control and PWM-
DITC control under different speeds and loads

W/ /58 DITC ¥ Hilk3/ PWM-DITC %5k 3/
(remin™) (N+m) % %
400 1 40.0 33.0
600 1 43.1 33.1
800 1 499 34.1
1 000 1 52.3 357
400 2 315 235
600 2 352 23.6
800 2 36.0 242
1 000 2 36.1 24.7

3 4 AXEFR ), Al — g T, bl 5 o ) 42
T, HHilksh A/ —Er LT, HH PWM-DITC #%
G B ) R o A o ) W KO 28 1 R € o (AN B 8 =
T B R DK S A AR U H 2, LR
800 r/min L4 K 1 N-m B}, #HH TA£5E DITC
i, AR SC TR H A PWM=DITC 453 (2 4 Bk A% 1
15.8%, [HIiF, #r % PWM-DITC 55 (56 48 ik 5 52 5%
HR G R A FZ /)N, AT LA b

4 & ®

FEXTESE DITC 457 B RAE U T Htiin s
L AILSR A [P 2 ) LR, AN REAR I G JE 5 22 1 /N B it
R AT A it P R 32 82 R K 0 R ) TRl R, AR S
PR T — R PWM-DITC #5071 , %45l i
AT DIAR 5 7 15 22 1) R /N B Bof s (1L 25 H AL S8 21 R
Uiy 38 A HL R, DAV AR Ik Bl o AR SCHEET MATLAB/
Simulink 4% | FLHLAE T RGO AR, Bi1E5e
DITC #2557 % PWM-DITC ¥ 5656 Wk s A7 17
LA AT M, FHEEAT T 0 2 B B AR AR 0 P ik 3
P SE o F ELA5 3R B i ALAEAS[A] T fif



—62 -

X o# L bk K

i 44 4

PWM-DITC #ill 5 W 554 50 bk sl & Ik T4% 48 DITC 2
Tl AR BETE 8%~16%25 45 -

Sk

(1]

2]

[4]

(8]

GAAFAR M A, ABDELMAKSOUD A, ORABI M, et al. Swi-
tched reluctance motor converters for electric vehicles applica-
tions ;: Comparative review[J]. IEEE Transactions on Trans-
portation Electrification, 2023, 9(3) . 3526-3544.

SHAH V, PAYAMI S. Fully integrated multilevel power con-
verter for SRM drive with charging capabilities (G2V ) for
electric vehicle application[J]. IEEE Journal of Emerging and
Selected Topics in Industrial Electronics, 2023, 4(1); 198-
208.

YANG CY, SONG SJ, LIU CY, et al. Development of high
voltage switched reluctance starter/generator system for more
electric aircarft|C]//2023 IEEE 32nd International Symposium
on Industrial Electronics (ISIE). Helsinki, Finland:IEEE
2023 1-6.

W, kRIS, w7k, 5. T SCREBL A AL H R Bt
SO P92 TR ], 2017, 31(1): 88-94,

FAN P F, ZHANG T S, YANG B, et al. Design and simula-
tion of switched reluctance motor control system[J]. Journal of
Xi"an Polytechnic University, 2017, 31(1); 88-94(in Chi-
nese).

LIS F, ZHANG S, HABETLER T G, et al. Modeling, design
optimization, and applications of switched reluctance ma-
chines: A review[]]. IEEE Transactions on Industry Applica-
tions, 2019, 55(3): 2660-2681.

YAN W J, CHEN H, LIAO S, et al. Design of a low—-ripple
double -modular-stator switched reluctance machine for elec-
tric vehicle applications[J]. IEEE Transactions on Transporta-
tion Electrification, 2021, 7(3): 1349-1358.

BT RIIRTF G RAS 31/ B, R G FE ) SR WIS D).
DL AP RHR 7, 2023.

HU Z H. Research on control strategy of high power switched
reluctance starting/generating system|[D]. Wuhan: Huazhong
University of Science and Technology, 2023 (in Chinese ).
W, AR, ST, S TR RS R e
THRILOLALL]. LS A4, 2020, 24(6): 98-106.
HUANG CZ, SHIW F, GUO G X, et al. Optimization of sta-
tor pole shape based on torque ripple and radial force[]]. Elec-
tric Machines and Control, 2020, 24(6): 98-106 (in Chi-
nese).

VAL, ZRBRAT, PIAESR. TP OCHERH Ha MLAY T B R I e S
PERIBTFNL IR, 2012, 10(2): 21-24.

SUNJZ, LIM Z, SUN F R. Research on direct instantaneous
torque control for switched reluctance motor|J]. Journal of Pow-

er Supply, 2012, 10(2): 21-24(in Chinese).

[10]

[11]

[2

—_—

[13]

[14]

[15]

[17]

[18]

[19]

RANA A K, RAVI TEJA A V. A mathematical torque ripple
minimization technique based on a nonlinear modulating factor
for switched reluctance motor drives|J]. IEEE Transactions on
Industrial Electronics, 2022, 69(2): 1356-1366.

ARk, B R, REE, . BT A sR B T OCHERE
AL R (). B R GE R A s, 2021, 33
(9): 123-129.

LIMQ, GAOT, ZHU HY, et al. Predictive torque control of
switched reluctance motor based on torque sharing function[J].
Proceedings of the CSU-EPSA, 2021, 33(9): 123-129(in
Chinese).

DHALE S B, MOBARAKEH B N, NALAKATH S, et al. Dig-
ital sliding mode based model —free PWM current control of
switched reluctance machines|J]. IEEE Transactions on Indus-
trial Electronics, 2022, 69(9) . 8760-8769.

YIN Y H. Optimal direct instantaneous torque control for SRMs
using advanced sliding mode controller[J]. Applied Sciences,
2022, 12(23). 12177.

SUN X D, XIONG Y F, YANG ]J F, et al. Torque ripple re-
duction for a 12/8 switched reluctance motor based on a novel
sliding mode control strategy[J]. IEEE Transactions on Trans-
portation Electrification, 2023, 9(1): 359-369.

SEVERE, A, FETHUREVE Y SRIM 22 0 2% H Je s 7
M SRR SISO AL, 2022, 55(9): 39-44, 63.
DANG X J, LI'Y X. Construction of neural network inductance
model based on echanism characteristics and SRM torque rip-
ple suppression control[J]. Micromotors, 2022, 55(9); 39-
44, 63(in Chinese).

S, FEARE, BN, A P OCRERH LAY B B B R
SRR O R LR AR AT )] T ROR R, 2022,
37(18): 4625-4637.

CAIY, JU C L, WANG H N, et al. A new direct instanta-
neous torque control method of switched reluctance motor and
its high efficiency operation[J]. Transactions of China Elec-
trotechnical Society, 2022, 37(18); 4625-4637(in Chinese).
KA, T 2 P L B T SCRERE A AL DITC B R ik 3
HIBTTED]. K KTk R, 2022.

SONG S H. Research on torque ripple suppression of switched
reluctance motor DITC based on multilevel circuits[D]. Tianjin
Tiangong University, 2022 (in Chinese).

hERE , SO, MRS, A T R T I A JT OC AR
UL BE PWM A2 23 B[], P R BL T R 4R, 2018,
38(18): 5582-5589.

MA MY, YUAN K X, YANG Q Q, et al. Subsection PWM
variable duty cycle control of switched reluctance motor based
on current soft chopping[J]. Proceedings of the CSEE, 2018,
38(18): 5582-5589(in Chinese).

RN RE, B, BRI BT PWM A OCHERH AL
BRA AR I M TR, 2017, 32(7) : 31-39.
ZHU Y S, ZHANG G B, HUANG Y M. PWM -based direct



%5 6 1]

- 63 -

[20]

[21]

[22]

instantaneous torque control of switched reluctance machine[J].
Transactions of China Electrotechnical Society, 2017, 32(7);
31-39(in Chinese).

VIR, BORMS, 250, 55, BT i B L T G RE
BHLFLHL DITC PRAb I e 3, 2021, 51(5): 64-69.
XU A D, HUANG L P, LI Q N, et al. Direct instantaneous
torque control optimization of switched reluctance motor for
high torque per ampere ratio[J]. Electric Drive, 2021, 51(5):
64-69(in Chinese).

WANG HJ, LEE D H, AHN J W. Torque ripple reduction of
SRM using advanced direct instantaneous torque control
scheme[C]//2007 International Conference on Electrical Ma-
chines and Systems (ICEMS). Seoul, Korea:IEEE, 2007
492-496.

FETE, BIGEIE, SKAG Je. TFOCHERE A AL BR— bk 58 9 ) %
W R AR LS =R, 2020, 24(8) : 74-82.
CHENG Y, CAO X X, ZHANG Y L. Hysteresis—PWM direct

instantaneous torque control of switched reluctance motor|[J].

(23]

[24]

Electric Machines and Control, 2020, 24(8): 74-82(in Chi-
nese ).

WANG SH, HU Z H, CUI X P. Research on novel direct in-
stantaneous torque control strategy for switched reluctance mo-
tor[J]. IEEE Access, 2020,8:66910-66916.

CAL'Y, WANG CC, JU C L, et al. Research on torque model
based on pretreatment method for switched reluctance motor
[C]//2018 13th IEEE Conference on Industrial Electronics and
Applications (ICIEA). Wuhan, China; IEEE, 2018, 1881-
1885.

AR5 1K

g, XK. BT DITC B9 T I RERH AL AL AT I PWM 45
LT KA RS2 54], 2025,44(6) : 55-63.

CAL'Y, LIU H. Soft chopping PWM control of switched reluc-
tance motor based on DITC [J]. Journal of Tiangong University,
2025, 44(6): 55-63(in Chinese).

(E% 54 W)

il SARHI] HE T #2441, 2023, 42(3) :1-6.
ZHANG Y F, CHEN B Q, ZHANG J. Preparation and dye/salt
separation of cellulose acetoacetate loose nanofiltration mem-
brane[J]. Journal of Tiangong University, 2023, 42(3):1-6
(in Chinese).

SREIR, SO, AT, AF. mbokby AR SR A A
PR B UE W A AL B 5O TREORE X FERIESE)). PRI R
27224, 2022, 42(7) : 389-397.

GUO Z J, JIA H, SHI X X, et al. Treatment of landfill
leachate with blast furnace dust—based ozone—catalyzed micro—

electrolysis filler; A comparative study with different fillers[]].

Acta Scientiae Circumstantiae, 2022, 42(7):389-397(in Chi-

nese ).

S TP T

F, B, SRR, AF R A HUBON BN YLK R HL 2R
TRERRARRD]. JOHE Tl K2 4f, 2025, 44(6): 48-54, 63.
WANG Y, ZHAO R, GuoJ R, et al. Electrocoagulation degra-
dation of dyeing wastewater using blast furnace dust electro-
des[J]. Journal of Tiangong University, 2025, 44(6) . 48-54,
63(in Chinese).

(WA A2 3% )



