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Radial Basis Function Meshless Method to Solve

2-D Electromagnetic Problems With Moving Conductors
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ABSTRACT: This paper applied the radial basis function
(RBF) collocation method to solve electromagnetic problems
with moving conductors. A superposition RBF collocation
method under moving coordinate system was presented to
compute the convective-diffusion Maxwell equations of the
transient eddy current magnetic field. The field, which was
regarded as a superposition of two fields generated by the
excitation current and the eddy current respectively, was
constructed with RBFs in separate moving coving coordinate
systems. According to the linear property of the RBF
collocation model, the corresponding governing equations
could be directly decoupled and solved through time-domain
iteration. Therefore, the motion of the conductor could be

transferred into the relative motion between coordinate systems.

And the RBF model would not change during the iteration,
which avoided the model reconfiguration due to the conductor
motion. To examine the method, two numerical examples:
TEAM workshop problem 28 and an electromagnetic launcher
system were computed. The results agreed well with the
experiment data shown in literatures.

KEY WORDS: radial basis function collocation method:;
superposition principle; moving conductor; eddy current;
moving coordinate systems
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Tab.1 Parameters of the RBF model in
the numerical examples

ZH SR Mmm 55 HH Cx ¢y
HA1 1 Qs 200x200 101x21 3000  100.0
SH11 Q. 100x90 21x61 200.0  700.0
51 2 Qs 150x300 51x51 3100  160.0
A 2 Qe 60x120 49x49 650.0  350.0

A4 i) 5k I VR P 5 R (R AR R 2 s A »
B H BRI, SR RS R BT, Y
SRR AR P SR AR A0 LA i R RO AN S B3 R SR A
SRS R R] DAY T, (Y i i
W AHN AT R BRI, BB AIEM, 16
G A LA TR0 LI AR A s AR R SRR S ] e
WFE— DA BANBAIRS B I 20
THEORS RIS, X2 SHVEHE B B AR

YRR I A FORE S A 1)
5 %51t

AR SOHG AR i) e S VR N HT T SR A iz 3 A4
PRSP — MR T AR R I & iz
e it T 2 DR SRR 418 3 1 28 90 YA 1 2 (R R
E1 & T B e ML E S RN v Bl U T
RER BB, Bl T HVERA B ASCRH &
TN ) i o i 5 RIS R G S T U (M SR A 5
28 PRI L7 )8, AROR I AR 20
TRR SR R B R I 1 = R DL R IR AE
LML LG ) R

S 30k

[1] Esposito N, Musolino A, Raugi M. Modelling of
three-dimensional nonlinear eddy current problems with
conductors in motion by an integral formulation[J]. IEEE
Transactions on Magnetics, 1996, 32(3): 764-767.

[2] Rodger D, Karaguler T, Leonard P. A formulation for 3D
moving conductor eddy current problems[J] . IEEE
Transactions on Magnetics, 1989, 25(5): 4147-4149.

[3] Davat B, Ren Z, Lajoie-Mazenc M. The movement in
field modeling [J]. IEEE Transactions on Magnetics,
1985, 21(6): 2296-2298.

[4] 5KEE. B3 LR GRIRIAA BRITHIFI[D]. Kidt:

AL Tk oK%, 2000.
Zhang Huijuan. The study of the moving conductor eddy
current problems by the finite element method
[D]. Tianjin: Hebei University of Technology, 2000(in
Chinese).

[5] 7kit. =4EWE iR - B -125)- RG-S ) AT 5T
[D1. #kFH: $RFH T K2%, 2008.

Zhang Yang. Study of 3D transient eddy field-electrol
circuit-moving system coupled problem[D]. Shenyang:
Shenyang University of Technology, 2008(in Chinese).

[6] &, Mtk BHGIE. EMS BURLEIES 4 WL &R
i) LA A R T i ML ETF A5 IR IE)
T[], B E LT RES4R, 2004, 24(10): 133-137.
Jin Zhiying , Yang Shiyou , Ni Guangzheng. A
time-stepping FEM for transient electromagnetic field
analysis and levitation and propellant force study of an
EMS maglev train[J]. Proceedings of the CSEE, 2004,
24(10): 133-137(in Chinese).

[71 H¥e, BuL7, sk, GHRcE S5 RARBIEHL &AL
Bz R ). AL TR, 2006, 26(14):
145-151.

Gan Yan, Ruan Jiangjun, Zhang Yu. Combining the finite



152 S R <E 1 R R = SO 4

31 %

element method and the finite volume method in motion
problem simulation[J]. Proceedings of the CSEE, 2006,
26(14): 145-151(in Chinese).

[8] Tani K, Yamada T. Dynamic analysis of linear actuator
taking into account eddy currents using finite element
method and 3-D mesh coupling method[J] . IEEE
Transactions on Magnetics, 35(3): 1785-1788.

[91 &2, BRI, IMRER, 4. PRl i pzif I B )2

e S et it [3]. AL TR SR, 2005,
25(16): 23-29.
Lou Jie, Li Qingmin, Sun Qingsen, et al. Dynamic
characteristic simulation and optimal design of the fast
electromagnetic repulsion mechanism[J]. Proceedings of
the CSEE, 2005, 25(16): 23-29(in Chinese).

[10] 5k, BriL%, xite, 4. 204G PIORSTEAE RmBE-HLIRS

A U R[], L CRREAEH, 2007, 27(33):
43-47.
Zhang Yu, Ruan Jiangjun, LiuBing, etal. Application
of composite grid method in the electromagnetic-
mechanical coupled problem[J] . Proceedings of the
CSEE, 2007, 27(33): 43-47(in Chinese).

[11] Kurz S, Fetzer J, Lehner G, et al. A novel formulation for
3-D eddy current problems with moving bodies using a
Lagrangian  description and BEM-FEM coupling
[J] . IEEE Transactions on Magnetics, 1998, 34(5):
3068-3073.

[12] 3K, R4S, WPEEE. —4ERSINR-rBs-EE R
T o) LR A ] b L AR 224, 2008, 28(9):
139-144.

Zhang Yang, Bai Baodong, Xie Dexin. New method to
solve 3D transient electromagnetic field-circuit-motion
coupling problem [J]. Proceedings of the CSEE, 2008,
28(9): 139-144(in Chinese).

[13] Peng Ying, Ruan Jiangjun, Zhang Yu, et al. A composite
grid method for moving
problem[J]. IEEE Transactions on Magnetics, 2007,
43(7): 3259-3265.

[14] 642, XUETT, WHEeR, 5. AR A ROCES)
)R T AL]. T AL AR SR, 2003, 23(8):
163-167.

Yan Dengjun, Liu Ruifeng, Hu Mingiang, etal. Anew

conductor  eddy-current

method to deal with the motion problem in electrom-
agnetic field finite element analysis[J]. Proceedings of the
CSEE, 2003, 23(8): 163-167(in Chinese).

[15] Zzhang Yong , Shao Keran , Guo Youguang , et
al. Multiquadrics collocation method for transient eddy
current problems[J]. IEEE Transactions on Magnetics,

2006, 42(10): 3183-3185.

[16] Zhang Yong, Shao Keran, Guo Youguang, et al. An
improved Multiquadric collocation method for 3-D
electromagnetic problems[J] . IEEE Transactions on
Magnetics, 2007, 43(4): 1509-1512.

[17] SR, ATERNE. P M 12 (v SR AR ¥ A2 ) 5 R 55

], mHERIR, 2010, 36(2): 531-536.
Zhang Huaiqing, YuJihui. Radial basis function method
for boundary value problems in electromagnetic field
[J]. High Voltage Engineering, 2010, 36(2): 531-536(in
Chinese).

[18] Frank C, Schaback R . Solving partial differential
equations by collocation using radial basis functions
[J]. Applied Mathematics and Computation, 1998, 93(1):
73-82.

[19] Zhang Yong, Yang Guangyuan, Shao Keran, et
al. Multiscale combined radial basis function collocation
method for eddy current analysis in high-speed moving
conductors[J]. IEEE Transactions on Magnetics, 2009,
45(10) : 3973-3976.

[20] Karl H, FetzerJ, Kurz S, etal. Description of TEAM
workshop problem 28: An electrodynamic levitation
device[C]// Proceedings of TEAM Workshop in the 6th
Round. Rio de Janeiro, Brazil: International Compumag
Society (ICS), 1997: 48-51.

[21] Leonard PJ, Lai H C, Hainsworth G, etal. Analysis of
the performance of tubular pulsed coil induction launchers
[J]. IEEE Transactions on Magnetics, 29(1): 686-690.

Yris BEA: 2011-03-28.

EEEN:

BioGUR(1986), %, WO, 1
WFFE 5 17 A T2 AR RO B 17 LA e

.
“ N, kkyanggy@126.com;
WHRI979), 5, Wit FEWHITM

Shy LR ) R P e T HE BT vk 2 LA 15
TR, ganglei@gmail.com;
Mr1)(1984), %, ttwtyuk, 1
WEFET7 1) g TRE R B v 5 R
H, xiaominghust@ gmail.com;
HERI4R(1946), T3, Hgz, WA,
TS T A H A BUE R R HAE
e B it HliEH N, krshao@hust.

edu.cn.

(RfEHIE L 4170)



