Modeling and Simulation 515K, 2023, 12(1), 101-109 Hans X
Published Online January 2023 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2023.121010

Halbach[E/3\ ik AR BT AR

L 3
TN TR, L

Woks H . 20224F11 130 FHEM: 20234F1H4H; KAAHM: 20234F1H11H

G2

KRR RAREA— T AL S, RS R URHLS NTEA R KRR . A3 Halbach[F L3
FKREEREREAT T 4824, I COMSOLA RIT M ERAFHAT T B S UKSIE T, BEITHMK
W1 A B LA R SBRBE R B - 41 %4 Halbach RO 2K Bl i 4 & R SRR I R AR U E B LT 2
FoAT T BEMRA, AT BRI BREERTY, REHMEET T . SREAX TSR
AL BT AT LB E R A AR

X 5in

AKREHIH, Halbachf§5l, 7 [Rus#r

Research on Structural Optimization Design
of Halbach Concentric Permanent Magnet
Gear

Jiaohao Shi

School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai

Received: Nov. 13", 2022; accepted: Jan. 4™, 2023; published: Jan. 11", 2023

Abstract

As a new type of transmission mechanism, permanent magnet gear has a great prospect in the field
of wind power generation and robot. In this paper, the two-dimensional modeling of Halbach con-
centric permanent magnet gear is carried out, and the two-dimensional static and dynamic analysis
is carried out using COMSOL finite element analysis software. The magnetic force line distribution
diagram and air gap magnetic density waveform of the mechanism are obtained. Aiming at the
problem of low coupling torque of Halbach concentric permanent magnet gear, the important geo-
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metric parameters of the mechanism were optimized numerically, and the air gap magnetic density
waveform and coupling torque before and after optimization were compared. The results show that
the coupling torque can be significantly improved by optimizing the geometric structure.
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Figure 1. Radial magnetizing array and Halbach magnetizing array
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Figure 2. Two dimensional model diagram of Halbach concen-
tric permanent magnet gear
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Table 1. Geometric parameters of 2D model
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Figure 3. Halbach concentric permanent magnet gear 2D
model mesh sectional drawing
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Figure 4. Two dimensional magnetic line distribution di-
agram of Halbach concentric permanent magnet gear

[& 4. Halbach R348 — HERE 112k 5770

AR A R T KN & BRSO SRR I RN, P2 R DA AN R U R AR 1 LA VI T
AP 5 7R« IR RT DAFE D) A f 30 5 AL/ T A8 [ RO 3 1 o [ 5 A1 DA S R R R A O o L
B e TN B R 1805 B P i1 LR ANEE T ROFE SRR B 5] © s . M AT DU H AR AR AL i
T T IR 5%, FAER AR N o, AN T MR IR 2 P9 e AR IRE Y 2 i

m

DOI: 10.12677/m0s.2023.121010 105 e RSE TR


https://doi.org/10.12677/mos.2023.121010

1.5 T T T 1.0 T T

— AR — WAV

— SNEABRAR R — SRR
= e
w05 )
# i
) i
=

12 IF g
I

0 60 120 180 240 300 360 0 60 120 180 240 300 360
) FAFE/C)
(a) (b)

Figure 5. Halbach concentric permanent magnet gear air gap radial and tangential magnetic density
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Figure 6. Torque angle characteristics of Halbach concentric per-
manent magnet gear
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Table 2. Geometric parameters after 2D model optimization
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Figure 7. Comparison of radial and tangential magnetic density of inner air gap before and after optimization
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Figure 8. Comparison of radial and tangential magnetic density before and after optimization
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Figure 9. Characteristics of optimized front and rear torque an-

gle of Halbach concentric permanent magnet gear
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Figure 10. Characteristics of optimized front and rear torque angle of Halbach concentric permanent magnet gear
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