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Collaborative optimization design of maglev tube rail linear
induction motor traction and suspension

Yang Jie'” Zhang Guohua'”® Hu Hailin'* Ge Qiongxuan'"’
(1. School of Electrical Engineering and Automation, Jiangxi University of Science and Technology, Ganzhou
341000, China; 2. Key Laboratory of Maglev Technology of Jiangxi Province, Ganzhou 341000, China;
3. Institute of Electrical Engineering, Chinese Academy of Sciences, Beijing 100080, China)

Abstract: In the maglev pipe rail transportation system, adopting the same plane installation scheme of suspended
electromagnets and linear induction motors (LIM) can effectively reduce the shield tunneling area and lower construction
costs; At the same time, LIM normal force can provide auxiliary suspension force, improving the overall energy
efficiency of the system. A response surface methodology based integrated LIM optimization design method is proposed
to address the issues of large modeling errors and complex optimization in the collaborative optimization of traction and
normal forces. Firstly, establish the design goals for traction and normal force, and complete the initial design of the
motor. Secondly, combining Box Behnken experimental design method and analysis of variance method, analyze the
influence of motor parameters on traction force and normal force., and determine the sensitive parameter set. Once again,
a second-order surrogate model for sensitive parameters was established using response surface methodology and passed
the model fitting test. Under constraints such as machining accuracy and motor saturation, a second-generation non
dominated sorting genetic algorithm is used to perform multi-objective optimization on the surrogate model. Finally, use
Maxwell software to perform time-step finite element simulation on the motor before and after optimization. The results
showed that under the working conditions of power frequency and rated current of 15 A, the initial traction and normal
force of the motor were 305.9 and —60.5 N, respectively, and optimized to 309. 4 and —309. 3 N, respectively. The
performance indicators were significantly improved after optimization, with design errors of 3.13% and 3.10%.,
respectively. This indicates that the collaborative optimization design method is practical and effective.

Keywords: integrated traction and suspension; response surface method; proxy model; sensitivity analysis; multi-objec-

tive optimization
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Schematic diagram of traction and suspension structure of pipe rail trains
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Table 3 Box behnken design test

5 r,/mm x,/mm r,/mm x,/mm rs/mm xs/mm r,/mm F./N F,/N
1 6 35 7 20 10 4 20 305.926 3 —60.479 9
2 6 35 7 30 5 3 20 213.700 3 —353. 968
3 4 35 7 20 10 3 30 282.921 2 —367.907
4 6 25 7 20 5 4 10 210.116 6 —200. 628
5 8 35 7 20 10 3 10 208. 800 8 —391. 663
6 6 35 4 10 10 4 10 423.063 2 —270.718
58 6 25 7 20 5 4 30 210.552 1 —205.932
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Table 4 Fit accuracy indicators

R* R}, R}
5] 7] 0.950 2 0.939 6 0.903 9
wem 0.985 7 0.982 7 0.974 8

F25| 3R ] g B A A 5 S B 22 1) B OG &R
WP 9,10 Fr7R 4 A1 46 A6 B BE A 58 4 LI L 902 2R
AT M B T A B REAR 585 3 A TE LA S X A 2%
BT AL R TR A A 2 5 ) T R 1) A AR B Y
T AP BE A8 By Mo S S PR AR 5 . £ B Ik . i o i
TR A8 4045 0 JBE 55, RE M08 4 (S A vy BN AR, T T IR
gz sttt

500 1
400 | o
300 - o

200 o

25| AN

100 0]

100 200 300 400 500
25| JISERME/N

B9 5] 0y m (e 5 5L PR e

Fig. 9 Predicted and actual traction force values

200
100
0
-100
-200

-300 o

1 I FME/N

-400 (o)
-500

-600

=700

600 -500 -400 -300 -200 -100 0
A1 JISEPRME/N

10 ) B0 5 92 B 4B 19 6 R
Fig. 10 Relationship between predicted and

100 200

actual values of normal force

3 LIM B ZEIREWK
LIM 1E R —AN ARkt 2240 i il S B A, i1k

Hh B O T

MRS HA

AREFRANES. HTAFBERZEEAIELERE
KR4 HRZ M 78 16 90 R — 80, A e L B o — Pk B
$ETH 10 [ i 2 B A At o B L X LA R A XS T B bn # 42 B
R, AR B 2 2 A B AR 3T % (B Pareto %),
fEgGe s Bk AR B &R & R R g 1 . ol LU 4%
BN AL fft B BAETE 5 5 B AR R SORAE, S 38U
Pk EFER AR . NSGA-TT B Skl T el Ik 2
BCHET /7 30, i AR I 42 = 38 R A 5L A TAS 955K
i, T LA E S A R 2 R 1 TR SR R B AR R T
PIBF L L 7, AR 4R i AhBE M 2 BE . NSGA-TT 782K
fift 22 H b 1) B8 7 25 WS e A B RSB B T e . BT
DA SCHR R I NSGA-TI SR A LIM 42 5] J) #idk o] g #:47
[F IO A B O % . NSGA-TT BBk i i 11 .

PIRARREIE T
TREERLBE

Gen=Gen+1

BT IS EHT I
IKFPHBE M

FETRHET

2. FR
MR

e

PREEI

B, X
AL

B 11 NSGA-TI 57 ik Hi e
Fig. 11 NSGA-II algorithm flowchart

e AL AR 51 Ak 1 S A H AR R iU S
BOSE 0, BRI g IR £ RIRREREE d .
ERTE et &, B & X (xyx, iz (A
IR 7 X0 RS B A BT B A4 BER AL B R
GUES L

h,
L<1000 mm,h<<80 mm,b, ..>3 mm,f<5 N
D

B,<<1.6 T.B,<<1.3 T.70%<lsf<<78%

K LRI : b FARALEE ; 0,00 FiR/DESE; B,
B, 53530 o 147 3 R0 A 1 2 R/ s s f DR . My
b BRECINT R

Eo F. (X)—F, (XD

T F . (XD
J (®)
LF B ‘FN(X)—F},U(X)

’ F, (XD

K. F o (X)) Ml F (XD R RS M m I
F . (XD M F (XD RSEFriE Ik Jy . 4ad NSGA-II

EAARFMEEAR — 111 —



