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Analytical computation of normal and tangential forces in linear

synchronous motor with air-core and Halbach permanent magnets

LIU Hengkun, ZHANG Xiao, MI Zhu
( College of Mechatronics Engineering and Automation, National University of Defense Technology, Changsha 410073, China)

Abstract; An analytical method of calculating the normal and tangential forces in linear synchronous motor with air-core and Halbach

permanent magnets is developed. First, the analytical solution to the normal and tangential forces of the rotary motor with the same structure is

deduced. Then, the proposed method is extended to linear motor, and the analytical method of computing the normal and tangential forces in linear

synchronous motor with air-core and Halbach permanent magnets is obtained. Finally, the effectiveness of the proposed analytical method is

validated by Ansoft Maxwell, which is a famous finite element analytical software. The proposed solution provides an important tool for structure

design and performance analysis of linear synchronous motor with air-core and Halbach permanent magnets.
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Fig.1 Halbach permanent magnet structure
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Fig.2 Diagram of Finite element motor model
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Fig.3 Halbach permanent magnet motor
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Fig.4 Diagram of result while p is varying
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Fig.5 Finite element result and analytical result

KIS, F R )1, F, FoRikm g, b
A FRIT S AT A LU RT3 A 30 9 K g Ak
52 11 DL HEAS — B, P 22 ) 158 22 1) Jit PR AE
T AT TSI A R K R TG e B AR IE 5XE
[vi) bof 228 % 1 24 Pl U1) 3 7 A ) P A S LR
FL B S R RO F) S o

4% #

X} F250> Halbach 7K % FLZ AL, 45 th T 3
BORY ) e H LB AR R 1 7 A T o A, A9 310 X
B 5 0 A O S T A, 0 T A 1 Bk ML A 0y
A BB 45 S, VTR R a RE AR 1 52 T3 L. 1
A FRICTH 45 5 A 4 AT X b, e T
B —2E . AT AR A RO vk
5L R R D B E X RO IATE
K LR (R A5 H ML 1 19 400 31 2L A AR ik 114 52
PE AR AL, AR AL P RE G b, A X
Fi 5 2%, RS PR b 155t FEL AL 2250, SR )5 TR
A BRIC T o0 i AL S 5 — Ak, 38 & T
PLETTHRIRR

2% 3Lk ( References)

(L] BFL, PHRAT, E0,%. —FKmE LR LR KR R
BT, P2 R4 41,2007, 41(3) 353 - 357.
MAO Junhong, LUO Junhang, JIANG Qiang, et al. Design of
magnet arrays for a permanent magnetic linear motor [J].
Journal of Xi” an Jiao Tong University, 2007, 41(3) . 353 -
357. (in Chinese)

(2] A=, 2%, . K 0 ) 3 B 7 B S P Ry
BT, W2 Rk, 2007, 17(1) 1167 - 171.
HE Ren, NIU Runxin, DONG Yin. Application of permanent
magnet track braking technique in railway [ J]. China Safty
Science Journal, 2007, 17(1): 167 —171. (in Chinese)

(3]

[4]

(5]

(6]

(7]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

KR, X3 <. Halbach 57K BEHALIGFFELT]. AL 1
il % FH ,2008 , 35(7) : 12 -17.
SONG Guoqiang, ZHAO Chaohui. Study of Halbach array PM
machines[ J]. EMCA, 2008, 35(7): 12 —17. (in Chinese)
FEE L, EHIFT, LA, %. Halbach REMRESH I T T 7K
BRI RALABE [ T]. Tl R2=244k , 2007, 29
(4): 400 -403.
CUI Jiefan, JIANG Lili, WANG Hemin, et al. Research on
permanent magnet linear synchronous motor with Halbach
array[ J]. Journal of Shenyang University of Technology,
2007, 29(4) : 400 —403. (in Chinese)
Xia Z P ,Zhu Z Q ,Howe D. Analytical magnetic field analysis
of Halbach magnetized permanent magnet machines[ J]. TEEE
Transactions on Magnetics, 2004, 40(4) 1864 —1872.
Moon G L, Sung Q L, Gweon D G. Analysis of Halbach
magnet array and its application to linear motor [ J ].
Mechatronics, 2004, 14(5): 115 - 128.
W, PREON, 2Rk, & W SR E T F g
G A S [T]. BRI 44,2004, 26(4) 1126 - 128.
PAN Mengchun, CHEN Dixiang, LUO Feilu, et al.
Electromagnetic field analysis and measurement of high speed
normal magnetic levitation vehicle system|[ J]. Journal of the
China Railway Society, 2004, 26 (4). 126 — 128. (in
Chinese)
PRERI, R, 2R, S R ERGEIE S E R
AR )] E BRSO 2254, 2003, 25(4) .76 - 78.
CHEN Dixiang, PAN Mengchun, LUO Feilu, et al. The
simulated calculation on electromagnetic fields of the high speed
magnetic levitation vehicle[ J]. Journal of National University
of Defense Technology, 2003, 25(4) .76 —78. (in Chinese)
BATaS, Wb e, Bk . Halbach R PS54 B AL B Ho o
MREALS S AL BF e (1) [T]. M LHAR R,
2004 ,19 (6) .58 —62.
XU Yanliang, YAO Fuan, FANG Jiancheng. Halbach array
permanent magnet machine and its performance comparison
with the normal array one( II ) [ J]. Transactions of the China
Electrotechnical Society, 2004 ,19 (6) :58 - 62. (in
Chinese)
Merritt B T, Post R F, Reifuerst G R, et al.
arraymotor/ generators-A
machine [ C]// Halbach Festschrift Symposium, 1995.
Halbach K. Physical and optical properties of rare earth cobalt
magnets [ J]. Nuclear Instruments and Methods, 1981, 187
109 - 117.
Halbach K. Perturbation effect in segmented rare earth cobalt
magnets [ J]. Nuclear Instruments and Methods, 1982, 198 .
213 -215.
Zhu H Q, Xia Z P, Atallah K, et al. Powder alignment
system for anisotropic bonded NdFeB Halbach cylinders [ R].
2000 IEEE, 0018 —9464.

Zhu 7Z Q, Howe D. Halbach permanent magnet machines and

Halbach

novel generalized electric

applications2a review [ C]// Proceedings Inst. Elect. Eng.
Electric Power Applications, 2001, 148 (4) . 299 -308.
XIS, B, Bk, Ansoft T 72 H %34 BR T/
Brim]. Jest. i 7ol i R, 2006.

LIU Guogiang, ZHAO Lingzhi, JIANG Jiya.

engineering electromagnetic field analysis [ M ].

Ansoft
Beijing
Electronic Engineering Press, 2006. (in Chinese)



