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Abstract Electromagnetic Levitation (EML) is a kind of technology for containerless processing

of material. It has a lot of advantages, such as no contamination, processing materials with higher

melting point, stronger erodibility and easy concreting nucleus. The important levitation is to pro-

duce big levitating force against gravity on the ground, and to compensate the remaining gravity in

space. In this paper, the distribution of levitating force produced by loops is calculated. A stable

potential well is also studied and produced to capture the sample. The calculation is mainly focused

on the relation between the distribution of levitating force and the structure of loops, such as the

number of turns, the angle of wimble, the radius of loop, the space and screw-pitch between loops.

A series of curves representing the properties of different structures and the theoretical support for

actual loop designs have finely been tend.

Key words Electromagnetic levitation, Levitating force, Levitating loop,

Containerless, Microgravity

∗ ��������45
2009-05-04 ����, 2010-02-05 �����
E-mail: gjzhai@cssar.ac.cn



6789: ��:;<=>?@AB<=C 81

1���

��������D����E���� .

����������!"�����#$��F
��%��� ,Æ��� �&�$�� ���
�$� . 'Æ$�!!�""(#!)�!!�
*��"$G%&'%+!,#�$-. #%&#
F'./($���#!�, �)01� $!*
2�./����#!�F�3"� . 3%()
#�+'$!*��%4HI$�*5%J$�F
&, Æ,K6+- (ESA) &7%)'(8,'""
� TEMPUS (), *)6+- (JAXA) Æ&%-'
8,HI,L(29:�++./L.,%+''(
8,��%4HI$�.

'(8,M*�; Muck , 1923 /-+( [1]

�, 1952 /, Okress  [2] .,���%/%'(8
,�0. 0-.1)<#!*����01�!*
2/=3�>N?1, 021+!,34(23�3
���0, ���2�4$�, ��3(45�56,

6���2�@���&5O! $� [3−6]. +'
��$�16A7%4F'57������87
./ [7−10]. +''(8,�86P+'��$��
&79&73(� [10]. +''(8,��%4HI
"$-8$!*�4F'���#%49:, 9;,
#9+'#:BÆ;(�"$:�;5%4C<�
D3, 7$+'���#$��E�<Q.

8,8=�+''(8,�1F;7,8,8=
49�G%./+''(8,G>2C<:6?7
H28,'7H F�8,=;R<. )<F3$�
��8=>?I8,:6(�'�<(, !+%8,
'@=IAB>?49 (>@8=J928=?C2
SD2'A�BA ) �'�"C<(, '=68,
8=49-8�D"E.

2�FE@AKFGBG>LH

'(8,();3I'MN�8,8=TC.3
I'MNHID kHz �O?PJ-8*8,8=,

8,8=E�'(F, %/�C<�8,6@.

'(8,�%N�,G B��C<&?H�C
<;9AB3IKI'J�8=LB, 'JE��3
I'(FHC��&?H�JKE�DQ'J (L
L'J). DJIKI'(F&5O!, CC<9M
NU'�O!E!)8,. &�,KK8,(F, +
''(8,�LG�:9,+'L�4F'9:, )
�M9AVLG(N2LG-R�HN. 'O�P8
,'?C B�O�IW (MAB3�8,'-R
P�RR8,LF), &XJ9KBYR#��O�,

)QRABDSP"LNZC<. 99KK%4L,

E�QRT<F'-R#�./,MU!�8=T 
V�; �&G�8=TC��O>? [11], 8,8
=BS[?2SS? . ;,SS?8=:BOP�
8,:6(, M)WWQXK0U!.

+''(8,8=�>?ÆN 1 MO. 8,8
=; �>?YZ C�8=TC,S8=�'J-
R&[. 8=�Y8% x Y-R, S8=�LF:@
,\<Y�T3, dx '8=�BA, θ '8=�?S
D. S8=LM%RT3�8J'*J8=, R�'
\]J, ",�P. 98,%4B, C<;I,T3
:.

C<9'(FL�7'1)JO' BIS9
�TQS, M

F = −∇T.

RL T ^J'(I, #JOHC<R(F' 0 :U
X(FH LMV]�U. GC<'T?SUH�B,

(I'

T = πa3μ0H
2. (1)

T 1 �	
��V�	����
Fig. 1 Illustration of the coil structure and spacing of the two coils and the pitch
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Fig. 2 (a) Vector diagram of the levitation force in the xy plane (the arrow shows the direction of the levitation

force), (b) 3D graph for the size of levitation force in the xy plane (direction of levitation force not included)
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Fig. 3 Levitation force distribution on the two coordinate line when the initial parameter values are used

(dashed lines show the coil regime)
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Fig. 4 Variation of the levitation force distribution with the number of turns (n)

xy  K#BYJ/'9` YR#��S). RN 3

1)^+, SBL:6cH_3�'��SZ�, Y
bLh_Z7. 'O��8=�>?49mlmn
B�"E.

N 4 lO%8,'Ipc8=J9 n �<(.

1Y8=J9�oVCS\<Y#8,'o7, q9
coV 1J8=, xY#SBL:6cH_3�'A
m7 1 cm b^, oV%8,:6(. iJ9oV$
 6�Sf, 8,'�-mH�W4H,nÆN 4(a),

n = 18 I n = 22 �Np9T3Scc7_�'I
nFb;9N 4(b)L n' 10∼18�NpPInFb,

q9;,7$+'57 (Uo2�[ 3") �nD,

2L1"C!oXJ�8=. '9ml%4B��
hpo��.

N 5lO%LG8=SD�8,'�./. R x

Y#^, Z7�SD1)!!ZP�8,(", GS

D' π/6Bpq8=?Cb' 10.5mm, 3%+/%
8= x Ygc: Fg qW#mXM7_. R y Y#
^, 98=2;, %RT3:SDZH, Y8,'Z
7, p_:&[, Ar8�K3+/9 1 cm aR, 1
YGC<9 yY#�fb@IOH, YrU!7SD
�8=,il�SD�7H�7$8=J9�*J8
=?CnD�.N 6YlO%8=?C�8,'�.
/ (N 6 `*+%*J8=?C, #�?C1;SD
IBAV!). ;N 6 1Y, ?CcqH 5mm, x Y
#8,'7H�I��W7l,8=2;�c7_o
7 20%b^. '�;,A8s[sRLY,C8,'
!$%VW. y Y#Z7�?C"$!!Z7�c7
_�bLh_, il�;,t>OH, 9T3aR8
,'aaLÆH?C8=.

N 7 lO%Sc*J8=�'AI8,'�<
(. 'Aco7 2mm, x Y#�bLh_Om7b



84 Chin. J. Space Sci. ������ 2011, 31(1)

T 5 	�)��	
Fig. 5 Variation of the levitation force distribution with the cone angle of coils
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Fig. 6 Variation of the levitation force distribution with the radius of first turn in the coils
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Fig. 7 Variation of the levitation force distribution with the distance d between the two coils on the x, y coordinate
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Fig. 8 Variation of the levitation force distribution with the distance d between the two coils
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Fig. 9 Comparison of experimental results and the theoretical curve
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