H38E HI11W HL T 5 AR 2 4R Vol.38 No. 11
- 182 JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION 2024 4F 11 A

DOLI: 10. 13382/j. jemi. B2407571

%18 MPTC HFF X REME AL R AR B BARME AR

HaE BAE Rem E2EA LB
(AT RERR S F TR I 255022)

& BT CREBH AL A Tk 3 K UL B AL GE AR AN B ALA AR &, oA 25 TR K Bl il SRS s 199 [ R 38 4o ] =%
JEHRHLEE S EC S TS5, 8 — R AR R TN R A (0 TT G REBE AL L R GE K 2 B AR AL BT ok ms . o 5 R 1 22
SKAT SRM SIS BT 1T IR0 MPTC AF 5 07 i B 1 s AILES # R R 2 B 400 L (RS A6 3 Bl 5 vk, s 17
#1E MPTC ) SRM TR Sl B T i 8 T 2500 2805 B A0 22 [ i 5 21, UG A0 ksl 1 247 0 f 3 EE AR 2 R 4
L B4R, W€ T AL EAL AR, 38 40 128 SE I X540 S e S EGHAT T R 8T, FARYE M 45 ok B e SR Ar i, >Rk F
RN PR AR St AT T 2 BAsti Al s 35 8 T IR TEL 7 W6 A R 04T T 05 BLISAIE , IR AR A A 25 SRR RR AL, Se &b
TS RS 5 BT AH L, L AUAH FR PGB/ T 33% , V3R LR e R T 33. 3%, ¥ 46 ik shidi /> T 26. 3% , i 33 52
UGB IE T Ak T Bk (0 & BRI B A 5k

K JFRREBL AL ; 2 BAREAL BT ; R G090 A UM G R 45 0 5 FH D 300k s A B A3 AT

hE %S TM352;TNOS XEARIREE: A EXREFRISERTD: 470.40

System-level multi-objective optimization design of switched
reluctance motor considering MPTC

Xu Zhizhao Du Qinjun Zhao Jinyang Wu Yutong Ma Bingtu

(School of Electrical and Electronic Engineering, Shandong University of Technology, Zibo 255022, China)

Abstract: Aiming at the problems of large torque ripple in Switched Reluctance Motor and traditional optimization design that only starts
from the motor without considering the drive control strategy, a system-level multi-objective optimization design strategy for SRM
considering model predictive torque control is proposed by simultaneously considering the motor structure parameters and control
parameters. Firstly, the structural parameters of SRM were designed according to the design requirements and MPTC was adopted as the
control method to determine the initial values and variation ranges of the motor structure and control parameters; Secondly, an SRM
design model considering MPTC was established, and the relationship between structural parameters and prediction models was
determined through magnetic circuit analysis. The optimization process of the motor was determined with torque ripple, average torque
current ratio, and copper loss as optimization objectives. Sensitivity analysis of structural and control parameters was conducted through
orthogonal experiments, and decision variables were selected based on the analysis results. Taguchi algorithm was used for multi-
objective optimization of decision variables; Finally, in order to verify the effectiveness of the method, simulation verification was
conducted, and a prototype was trial produced based on the optimization results. The experimental results showed that compared with the
conventional design, the optimization results reduced the peak motor phase current by 33%, increased the average torque ampere ratio by
33.3%, and reduced torque ripple by 26.3%. The rationality and effectiveness of the optimization method were verified through
experiments.
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Fig.2 Flux linkage characterization diagram of

SRM under conventional design
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Fig.3  Block diagram of MPTC with finite set of SRM
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Fig. 10  System optimization flowchart
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Table 6 Corresponding parameter values of design

variables before and after optimisation

AR 2R LM Ak A
N 60 66
P 1.2 0.8
E; 0.5 0.54
E, 0.38 0.45
hy 50 58
L 180 176
0,, 1.5 2. 625
g, 2.5 2.125

3.2 USRS

N T RAEPTR A T5 I 1A, e i3 2 5 Ae
A AU 8 T r LIS AT i i v (Y SR 2 L It IR e AR
BILHEAT ARSI

®7 EXTHRE

Table 7 Table of orthogonal experiments

5 1 2 3 4 5 78 79 80 81

N 8 7 6 3 2 6 3 7 6

g 6 5 4 5 1 2 6 6 5
E, 3 2 9 8 8 1 2 5 3
E, 7 9 7 1 7 9 5 1 2
h 5 5 4 9 7 8 3 8 7
Ly, 5 4 8 6 9 5 8 9 1
0,, 9 8 2 2 6 3 7 4 7
0,, 1 3 5 7 3 7 9 2 4

y 11.58 10. 56 11. 04 8.67 11.23 10. 21 7.487 10.75 9.932
T, 0.703 3 0. 696 0.878 1 0.709 8 0.781 3 0.913 0.543 7 0.945 7 0.639 7
Py 455.5 548. 1 500.9 812.5 484.2 586.3 1 090 528 619

SER SERAG T AUEUE 5538 F 19 G241 i 7 I
WA 11 B, A A B e (B A T T B, S i fk
Wik 91.32 A, AkJ5 8 60.29 A, I/ T 33.98%. 8
2T B HLBEAARRT S BT R A B ARME, FE45 A K 11
LA LB e B LU 8. 762 N-m/A 341 &

11.88 N-m/A, #2551 35. 6% ; 5 M Bk SR T 26. 9%
HiA N 741.3 W FFER] 450.7 W, FFET 39.2%.,

a5 E T B, SR R AR P Ak T ik
BT B HLEA T 4 i PR B, R T Ul I T 2 R it e i
IRV FY
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Table 8 Corresponding parameter values of design

variables before and after optimisation

Y Trip P
GisiNregn 8.762 0.644 8 741.3
Petkisit 11.88 0.375 8 450.7
AT N-m/A - w

T E G Ak SR A A SR SRR 11 ] i de
P TT i 5 8 A 75 3k AT X B el Sk 11 )
SRR 2 iy 2 A7 B8 45 o i SC R iR 5 9 8K 5 K T
SR 3 3R FH L IR0 D 4% Al DAL O 4 o 7 35 78 D v
T IR

100

0.50 0.52 0.54 0.56 0.58 0.60
B 8] /s
(a) W AUE N I LIS S A %

(a) Conventional current and torque waveforms
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oo Pt it iy
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I 18] /s
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(b) Optimized current and torque waveforms
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Fig. 11

after optimization of motor parameters

Current and torque waveforms before and
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Fig. 12 Torque comparison diagram
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Fig. 13 Motor experimental test platform
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Table 9 Comparison of simulation and experiment

after motor optimization

Y Tri]) AH FRL I 0
i 5 11. 88 0.375 8 60. 29
Sy 11.24 0.401 3 63.04
1R/ % 5.7 6.4 4.4

F10 BEAMHAETIEEEXTLL
Table 10 Experimental comparison before and

after motor optimization

Y T, A FL
EUL G- an 8.43 0. 664 7 94.12
fletbi& it 11.24 0.401 3 63.04
LK) N-m/A - A
e “Sk(r)wrprkn/divr S

Ao s

T el
¢ (5 ms/div) 75 Nem/div

(a) WHUE T TS FAE B B

(a) Conventional current and torque waveforms

@ 50 rpm/div

T 75 N-m/div
¢ (5 ms/div)

(b) AR I LR 5 e R BT
(b) Optimized current and torque waveforms
K14 s HLSEE B A

Fig. 14 Experimental waveforms of the motor
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