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Optimization of Direct Instantaneous Torque Control Based on Sliding

Mode Neural Network
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(School of Automation and Electrical Engineering, Dalian Jiaotong University, Dalian 116052, China)

Abstract: For the sake of resolving the problem of large
torque ripple problem of switched reluctance motor, especially
under hysteresis control strategy, back propagation ( BP)
neural network control strategy is introduced on the account of
traditional direct instantaneous torque control, and the direct
instantaneous torque control is optimized and adjusted with
the square of the torque error as the performance index
function, which restrains the torque ripple of the motor during
operation. In addition, based on the overall double closed-
loop control, sliding mode control is introduced for the
improvement of the speed link, which improves the response
speed and robustness of the system. Finally, Matlab/
Simulink is wused for simulating the traditional direct
instantaneous  torque  control and  optimized  direct
instantaneous torque control, the effectiveness and feasibility
of the proposed strategy are proved.
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BP neural network; direct instantaneous torque control

B E: EOUTT SR RE A AL B4 SR P AT A
REGHE K Sl [R]85, 75 A S8 4 I ) 5 42 o 9 51
AT Bl 4% (BP ) o 22 0 28 42 1 SR, LA 1 22 114 °F-
D7 R VERE R A R BONT 45 % ) 2 s o AT O AL K
TR HLIE R AT I A B R K B 1k — 20, TR R R XU
PR SR A -, 5 AT 42 T X e e B A7 Rl ik
PR T 2R G A R L L FE R P B, A Matlab/
Simulink X458 ELHE iF 5 4 J 42 ) 0 ok L 4 3 1 2
P BEAT O I, S5k 1 B4R SRS A AT R AT AT
R JPIOCRERH AL ML s TR 5 S 1) A 40 ot 22 0 2% 5
ELAR BRI FE A

EEWH: 1074 3SGEPHTH (202243)
The Transportation Science and Technology Project of Liaoning

Province, China (202243)

0 3|5

JF & R4 FH H, #1 ( Switched Reluctance Motor,
SRM) Ji5 Sl%HE K, 45 44 8 ] HLfa 5, )z i T
LS VR AT (R A 235 A8 AT 5 2 il /%
52, 2 BOR IR TR IR S 7 A B B
FEAE K Zh , Lz IR ZL R B AR Lk, TR
MG BH L ILTE H 3l VR 42 0 T Tl 32 3 1 — 2 11
B

B X6 O S B P ML A ik 3l [ 7t , [ PN o2
BRI TR 2 S R BR ST, A0 He R I e
#2#il ( Direct Instantaneous Torque Control, DITC) |
PRZE 00 28 45 i 1 A 45 1 ( Sliding Mode Control
SMC) A B % 5 43 e o 57 il 265 Scibik [ 10-
12704 ok 55 8 1 ( Pulse Width Modulation, PWM )
HAR S L4t DITC fyHL I 5% & Dk 92 8 AR 45 4
G 15 22 11 53 1 o R 45 4 Ok &, Wi/)N DITC
P SRR DK 2l , {H 2 R BB 1 0 2 L) R A s X
FERIBOERIFE MR o SCHR [ 13-14 ] 25 JE T P42 ] &5
AR IR s, i i B - IOk i 9 i 42 i SR fG 4k DITC,
X7 EEAE AL G PR ) S A PWM Bk A AR
SRS G T I A Dk 3l , Ji 3 He A [ £
B A HEATAR N, B ], ST A A M RE R 42
o SCHR[ 15 ]7E DITC Heaih b 513 1 40 A 43
AR A7 FLAR W] 4 H B0 422 1 SR 78 A [] B8 T 200
L RE T RGN, H 2 2 AL SRM 12171
FaxE Mo SCHk [ 16 ] 45 A& 1% 1n] 3 ( Radial Basis
Function, RBF) it 28 W 2% 5 14 48 b 5] 1 43
( Proportional Integral, PT) 5 — & WL &, LS
HIRZEN HAR, 51 A PLASSH T 3l 19 F
FEE AT R PR, H 2 A T e IR

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



HUBLS RN, 55 51 4%, 4 4 31

Electric Machines & Control Application, Vol. 51, No.4, 2024

SRM , H.A5Fy s il e B K . SCARk [ 17-19 1 R
6] f4% ( Back Propagation, BP) #1258 (2%, 35 ks
Ty b TN Y 5 B BEL H AL 3 A5 B 180 5 ok R el 37
P AFE N RE R 25 A ) % 4 ik sl o Sk 20 ] 42
HOR RS | PR A S A B PR R S, R
RV T R A 94 W) O O R N B T e (H
F A SEXT AR R

BT L5 Hr, A SCHEAL 58 SRM_DITC (1) 5
Tl b 25 AU A BP i 20 ) 45 A4 78 XA 34 ) 45
SR, T RE PR SR T R ) 2, 0 i R AT
T, % v e IO R R 5 B N G BP
2% [ 3E W 5 DITC AHZE A, i) #f 28 19 45
2 AT IV AR S, A R 5 A bk Bl , SR
FERIREE o fod , AL 5 SMC_BP 2 9 24 J
il SR W A ECRR RS L BOIE T O vk A R

1 4% SRM_DITC 8%
%55 (1) SRM_DITC ZZHE R Q& 1 R,

E 1 SRM_DITC ZSGHEE
Fig.1 SRM_DITC system block diagram
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Fig.5 Comparison waveform plot of traditional DITC
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The switched reluctance motor (SRM) has a
large starting torque and a sturdy and simple
structure,, and is widely used in the field of electric
vehicles. However, its double salient pole structure
and switch-type excitation mode will cause large
instantaneous torque ripple when the electric vehicle
is started, and even cause violent jitter and produce
noise. As a result, switched reluctance motors are
limited in the field of electric vehicle applications.

In order to solve the problem of torque ripple of
switched reluctance motors, the back propagation
neural network control strategy on the basis of the
traditional ~ direct instantaneous torque  control
(DITC) is introduced in the paper, and the DITC
with the square of the torque error as the performance
index function is optimized to suppress the torque
ripple of the motor during operation. Furthermore,
on the basis of the overall double closed-loop
control, the sliding mode control is introduced to
improve the speed link, which improves the response
speed and robustness of the system.

Due to their simplicity and high reliability,

sliding mode controllers are commonly used in motor
control, especially for control systems with accurate
mathematical models. In this paper, an improved
isovelocity approach law is designed in terms of
approach rate, and the function H(x) is used instead
of the traditional g. In order to reduce chatter,
improve the control performance, and increase the
speed of the system to approach the sliding surface to
make the control effect more obvious.

(1) The simulation and comparison experiments
with the traditional DITC strategy show that the
control strategy adopted in this paper has superior
anti-interference ability in static and dynamic aspects
under different working conditions.

(2) Under the working conditions of variable
load and variable speed, the strategy adopted has
good robustness and extremely fast response speed.
On the one hand, it is manifested that the speed can
quickly reach a given value, and there is a small
overshoot in the case of high speed. On the other
hand, under the condition of variable load, the

torque ripple can be better suppressed.
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