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Analytical Magnetic Field Analysis and Parameter Design for

Magnetically Levitated Permanent-magnet Planar Motors with Moving-coils
ZHANG Xinhua' ,LUO Hao' ,SUN Yukun' HU Jinchun® ,YANG Zebin'
(1.School of Electrical and Info. Eng. ,Jiangsu Univ. ,Zhenjiang 212013, China;
2. Dept. of Precision Instruments and Mechanology , Tsinghua Univ. ,Beijing 100084, China)
Abstract:In order to reduce higher harmonic of magnetic field in magnetically levitated permanent-magnet planar motors with moving-
coils,a novel principle of magnet parameter design was proposed, which was based on the average relative mean-square deviation be-
tween the real magnetic density and expected air-gap magnetic density. According to harmonic model of magnetic field , the three-dimen-
sional magnetic density of this magnet arrangement was analyzed and then the average fundamental amplitude in different height levels
was calculated. The expected fundamental model of this magnet arrangement was then presented, which together with the obtained har-
monic model giving the average relative mean-square deviation between the real magnetic density and expected air-gap magnetic densi-
ty. The principle of magnet parameter design was presented , which could be described as “to achieve the maximum average fundamental
amplitude and minimum average relative mean-square deviation as far as possible”. Finally, the finite element simulation and measured
results of the experimental prototype illustrated that the presented design method has a good inhibitory effect on the higher harmonics,
especially on the second harmonic.
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Tab.2 Prototype parameters
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Tab.3 Analysis of finite element simulation results for prototype 1

z = 2mm z = 4mm
B, #IE B, ¥ B, % B, W%

B/(°) 0 30 60 90 0 30 60 90 0 30 60 90 0 30 60 90
FEUE IR G/ T 0.31 0.33 0.37 0.40 0.26 0.3 0.40 0.44 0.22 0.23 0.25 0.26 0.20 0.22 0.26 0.28
%Ziﬁ;%E/T 0.35 0.35 0.24 0.24

2 28.8 19.0 4.73 4.19 44.7 25.39 5.07 1.14 15.0 9.89 2.15 4.55 21.2 15.9 4.98 2.11
IR 3 1.54 4.44 3.29 10.5 2.60 8.66 1.24 11.7 0.88 0.81 2.28 5.48 2.17 1.45 1.04 2.93
I;fﬁ 4 6.50 2.18 3.7 3.03 8.42 1.48 6.05 2.21 3.01 1.46 1.81 2.41 2.24 2.48 2.29 1.78
/% 5 1.04 2.13 0.83 2.22 2.13 2.37 0.94 1.73 0 2.34 2.51 0.87 2.88 2.24 1.1 0.57
6 0 1.31 1.07 2.19 2.25 0.97 1.34 1.53 0.63 0.81 2.94 0.95 1.46 1.1 0.85 1.67
I
W5 2/ % 29.9 27.1 7.54 12.7 45.8 27.3 8.45 12.5 15.7 10.6 6.76 8.11 21.8 17.1 6.02 5.24
iy
%Eziﬁﬂjﬁ/% 19.3 23.5 10.3 12.5
x4 HN2BRTHEERSH
Tab.4 Analysis of finite element simulation results for prototype 2
z = 2mm z = 4mm
B, W B, ¥ B, W% B, JE
B/(°) 0 30 60 90 0 30 60 90 0 30 60 90 0 30 60 90
LR/ T 0.32 0.33 0.36 0.37 0.28 0.32 0.37 0.4 0.23 0.24 0.25 0.26 0.21 0.22 0.25 0.27
FEE
AR ET 0.35 0.34 0.25 0.24
2 20.9 9.58 3.6 4.05 34.7 13.6 5.03 1.14 9.32 4.5 2.71 4.78 15.1 11.1 3.96 2.94
IR 3 8.73 6.89 5.73 14.8 9.62 11.1 3.01 16.2 1.55 2.4 4.33 8.69 5.39 3 3.36 4.66
gg 4 6.38 0.53 2.75 3.69 8.34 1.18 6 2.41 2.42 0.91 2.76 4.25 1.05 4.7 2.06 1.96
R/ % 5 1.07 1.05 2.08 3.01 0.52 1.38 1.44 2.73 0.5 1.2 3.77 2.21 1.5 3.45 2.14 0
6 1.05 3.39 1.54 3.63 3.2 0.71 1.22 1.37 0.9 1.82 2.04 2.52 2.66 1.7 1.23 1.71
Vil
WS % % 24.1 12.8 8.49 17.4 37.1 17.7 8.71 16.8 11.4 8.28 7.35 11.8 17.2 14.4 7.67 7.85
I
WS 2T 4 % 15.7 20.1 9.71 11.8
FEOL 2 B2 S5 RO A an sk 5 s R, 3B - 247 1 R D0 i R 72 38 - 49 ) B A A 45

HFE4S5AH, FMEEz =2 mm flz = 4 mm
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Tab.5 Analysis of actual measurement results for prototype 2
z = 2mm z = 4mm
B, Wi B, BE B, Ik B, B

B/(°) 0 30 60 90 0 30 60 90 0 30 60 90 0 30 60 90
LI E{E/T 0.33 0.34 0.36 0.38 0.27 0.31 0.36 0.4 0.23 0.23 0.24 0.25 0.22 0.23 0.24 0.27
J_rﬂ]’b*;%%” 0.35 0.34 0.24 0.24

2 21.1 9.53 3.44 4.1 33.9 13.1 4.95 1.11 9.28 4.54 2.76 4.79 15.1 10.9 4.02 2.96
#IK 3 8.55 6.94 5.68 14.6 9.88 12 3.11 16.2 1.58 2.43 4.41 8.66 5.42 3.03 3.36 4.69
;ﬂfg 4 6.36 0.55 2.73 3.72 8.32 1.17 5.85 2.56 2.42 0.8 2.6 4.73 1.02 4.59 2.02 2.01
/% 5 1.07 1.06 2.13 3.11 0.55 1.36 1.46 2.69 0.51 1.16 3.79 2.03 1.43 3.47 2.11 0.08
6 0.98 3.06 1.02 3.42 3.16 0.71 1.18 1.25 1.02 1.89 2 2.56 2.55 1.73 1.61 1.65

13/
W5 % % 24 12.8 8.18 17.62 37.1 17.7 8.58 16.7 11.4 8.3 7.25 11.5 16.6 14.1 7.89 7.61

.

mi}}zz?ifﬁ/% 15.7 20 9.61 11.6
B ARZEA[T]. i TH AR ,2005,20(4) .1 -8. ]
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