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Abstract

The magnetic field distribution of permanent magnet is the basis of its engineering application. In
this paper, taking hexagon permanent magnet and octagon permanent magnet as examples, the
equivalent surface current method is used to analyze the magnetic field distribution of polygon
permanent magnet. The finite element simulation results verify the correctness of the numerical
expression. The advantages of magnetic field distribution of octagonal permanent magnet com-
pared with rectangular permanent magnet of corresponding size are analyzed.
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Figure 1. 3D molecular circulation model of
hexagonal permanent magnet
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Figure 2. 2D analytical model of hexagonal
permanent magnet
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Figure 3. 3D molecular circulation model of oc-
tagonal permanent magnet

3. JBRG KBS = 5 FIRRAR R

P(xy.2)
Vs Y7 s
Yo= - kixo-by 4 Yo= kixo+b,
l
>
3
(x0:Y0-20
_ 2
Yo= kixo-b: 1 Yo= - kixo+b,

Figure 4. 2D analytical model of octagonal per-
manent magnet
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Figure 5. Magnetic field distribution of hex-
agonal permanent magnet
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Figure 6. Magnetic field distribution of octa-
gonal permanent magnet
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Table 2. Parameter settings of octagonal and rectangular permanent magnet
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Figure 7. 3D magnetic field distribution of octagonal and rectangular permanent magnets
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Figure 8. Magnetic field distribution of octagonal and rectangular permanent magnets

8. J\iLRANFER K HAIRBIFEIA 53

5. &hig

A BRIT T4 RIGIE T ASC S HACBUE R A Rk, A BT 2308 KR S5 # (3h 1) 2

BRI o B3 A Bx LU SR SRR, )AL A R A B R T A R PR L AT S B S7 ) Ar e b o S5 65 2 B
AR, ARSI TS R AT AR R REAL J5 TR RUE T8 B 7 AR AL T K AR it 7. EAh, RS )R
(FIBIF FE BT AL 2 B R BEAR TR R AN B R A A -

BBk
[11 BT, JiARfp], #xk, & ET X TMR BB EAS R QU 77 B 7 [3]. XA R %4k, 2021, 42(9):

[2]
(3]

(4]

(5]

(6]

[7]
(8]
(0]

[10]

[11]

106-114. https://doi.org/10.19650/j.cnki.cjsi.J2108082
RWIR, RYl, 2N, & 2 @B BRI 0 B LRI]. CEGERZR, 2019, 40(10): 19-27.
https://doi.org/10.19650/j.c-nki.cjsi.J1905644

Han, D., Shinshi, T., Aauma, N., et al. (2019) An In-Plane, Large-Stroke, Multipole Electromagnetic Microactuator
Realized by Guideways Stacking Mechanism. Sensors and Actuators A: Physical, 298, Article ID: 111563.
https://doi.org/10.1016/j.sna.2019.111563

Tisnes, S.D., Shi, Z., Herth, E., et al. (2020) Long-Range Planar Conveyance Device Based on a Digital Electromag-
netic Actuator Array. 2020 Symposium on Design, Test, Integration & Packaging of MEMS and MOEMS (DTIP),
Lyon, 15-26 June 2020, 1-5. https://doi.org/10.1109/DT1P51112.2020.9139157

IREr, JERE, TR, SKREW, KB, AT bR TR R R E A L sl T AL B PR SRS T 0], Rl S 4%
il 2%z, 2021, 25(8): 56-66. https://doi.org/10.15938/j.emc.2021.08.007

Furlani, E.P. (2001) Permanent Magnet and Electromechanical Devices—Materials, Analysis and Applications. Aca-
demic Press, San Diego, 212-216. https://doi.org/10.1016/B978-012269951-1/50005-X

WL, ¥ 5, FSURHFE. HEIV KBRS 3 A AT Rk R[], B AN 712, 2004(3): 271-278.

XU EHR. FEIE AWK = YRk 23 (8 20 A WE 55 [D]: [ 246 3], bt dbat Tolk k2, 20086.

BURHT, KRG, PR, BIAET. #HI Halbach 7K HEFE S 45 0 L[R5 B sh WU PE A d 1 S 5 AL []. Bkl
4% FH, 2018, 45(10): 59-65+72.

Janssen, J.L.G., Paulides, J.J.H. and Lomonova, E.A. (2010) 3D Analytical Field Calculation Using Triangular Magnet
Segments Applied to Askewed Linear Permanent Magnet Actuator. Compel, 29, 984-993.
https://doi.org/10.1108/03321641011044406

Deshmukh, A., Petit, L., Khan, M.U., et al. (2017) Development of a Six Positions Digital Electromagnetic Actuator.
2017 IEEE International Conference on Advanced Intelligent Mechatronics (AIM), Munich, 3-7 July 2017, 975-980.

DOI: 10.12677/pm.2023.131006 65 IS H 2


https://doi.org/10.12677/pm.2023.131006
https://doi.org/10.19650/j.cnki.cjsi.J2108082
https://doi.org/10.19650/j.c-nki.cjsi.J1905644
https://doi.org/10.1016/j.sna.2019.111563
https://doi.org/10.1109/DTIP51112.2020.9139157
https://doi.org/10.15938/j.emc.2021.08.007
https://doi.org/10.1016/B978-012269951-1/50005-X
https://doi.org/10.1108/03321641011044406

R, (TEE

[12]

[13]

[14]

[15]
[16]
[17]

(18]
[19]

https://doi.org/10.1109/AIM.2017.8014145

Deshmukh, A., Petit, L., Khan, M.U., et al. (2018) A Novel Three-Dimensional Electromagnetic Digital Actuator with
12 Discrete Positions. IEEE/ASME Transactions on Mechatronics, 23, 1653-1661.
https://doi.org/10.1109/TMECH.2018.2841014

Deshmukh, A., Petit, L., Khan, M.U., et al. (2018) Stick-Slip Conveyance Device Based on a Hexagonal Digital Elec-
tromagnetic Actuator. 2018 12th France-Japan and 10th Europe-Asia Congress on Mechatronics, IEEE, Tsu, 10-12
September 2018, 174-179. https://doi.org/10.1109/MECATRONICS.2018.8495712

Deshmukh, A., Petit, L., Khan, M.U., et al. (2019) A Micro-Fabricated Hexagonal Digital Electromagnetic Actuator.
2019 IEEE/ASME International Conference on Advanced Intelligent Mechatronics (AIM), Hong Kong, 8-12 July 2019,
44-49. https://doi.org/10.1109/AIM.2019.8868822

Deshmukh, A., Petit, L., Khan, M., et al. (2021) Planar Micro-Positioning Device Based on a 3D Digital Electromag-
netic Actuator. Actuators, 10, 310. https://doi.org/10.3390/act10120310

Celik, S. and Kural, M.H. (2018) Octagonal Halbach Magnet Array Design for a Magnetic Refrigerator. Heat Transfer
Engineering, 39, 391-397. https://doi.org/10.1080/01457632.2017.1305846

Ergor, M. and Bingolbali, A. (2022) Field-Free Line Magnetic Particle Imaging Magnet Design Using Nested Halbach
Cylinders. IEEE Magnetics Letters, 13, 1-4. https://doi.org/10.1109/L MAG.2022.3159446

DR, B ERIM]. bR IE4E RS AL, 2016.

Gradshteyn, I.S. and Ryzik, .M. (1994) Table of Integrals, Serie, and Products. 5th Edition, The Academic Press,
London, 97-98.

DOI: 10.12677/pm.2023.131006 66 FB AL

T


https://doi.org/10.12677/pm.2023.131006
https://doi.org/10.1109/AIM.2017.8014145
https://doi.org/10.1109/TMECH.2018.2841014
https://doi.org/10.1109/MECATRONICS.2018.8495712
https://doi.org/10.1109/AIM.2019.8868822
https://doi.org/10.3390/act10120310
https://doi.org/10.1080/01457632.2017.1305846
https://doi.org/10.1109/LMAG.2022.3159446

	多边形永磁体磁场的数值分析
	摘  要
	关键词
	Numerical Analysis of Magnetic Field of Polygonal Permanent Magnet 
	Abstract
	Keywords
	1. 引言
	2. 多边形永磁体磁场的解析
	2.1. 解析原理
	2.2. 六边形永磁体
	2.3. 八边形永磁体

	3. 有限元仿真验证
	4. 八边形永磁体的三维磁场分布特性
	5. 结论
	参考文献

