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Fig. 1 Schematics of electromagnetic coils: (a) Single layer
coil of 7 turns; (b) Single layer coil of 10 turns; (c) Double

layer coil of 10 turns
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Fig. 2 Influence of various factors on levitation capacity: (a)
Relationship between dimensionless function G(x); (b) Current
frequency (levitation force distribution of single layer coils); (c)

Levitation force distribution of double layer coils
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Fig. 4 Distribution of magnetic intensity and surface stress

for different coils: (a) Single-layer coil; (b) Double-layer coil

A 5 R 2 e i N sk E AL, TR A
B BRAR S E N A PN 0, B ARE L
Ry TR AR A B TR, 3 L IR R P A AT 7 T T A
T FBRLR A IR A R I (E T B—v, Wi e
B>0.1T X b RAEAE T35 1.2 [T P8 ) A i 2
BT, e R, XIRE Y KRB 1-3 ML
54 mERIR R BRI A5 2 6], [, TR ek
R R 2T N YK B IR A R T TR 1. X
F85r UL AR LB 10 [TZRIE], B9 13 TH s 2 2 T
JRERPE A E BT 3 [T, XU 2 Pl 7E 4 Ja Bk Ak bt
A SRR, PR T 5 < R BRI R IR S /)
IR EE A, # 2 I4 JE R THTE LR P 2 Sk
AL G . B ST RRE R A, F]— 2z FhAkhR
<5 o BRAR R THT b %00 2 JIAHIR] ¥ p NI fE
FHER s, HALEAERRFRE M. 2 0€{0, 6,},
4 R 5 LR PE (P B I/, 4R AR TN 22 e i
NI sk EIBWIE R, IBARL T A, HER T
EER: L T ey (o AL X S /N b S SE VAL L
Tillo <)@ IERARIR I AP R By B, AFAET
W27 2 0€1{0, n}y, WIS &IERIEZHHT
LopE, WIS, &JEFImBLIKEBITT 0,

24 KAEREBHBHMEFIN

FE R S5O PR A P A HL J 4R b 3 AT E AR IR R D
[ B SR A B AR LR, ER T BRUSFERIGT 4, BT DLAR
B RIBA KA SR, AHEEREREA LR
NSRRI KR, RAH d 4~6 mm 40 E S8
T2 B, 7E 28 P8 7K 8k F AL R ) 5 2R Pl B ) 2 ANIA
B

LEFEIME d 4 mm FHE, HASETIMENAT
GRS OB RIRAE, WRIRIRZE R A AT A,
NIME R AR W] PR A BRI . (R, SERR T AE
FE—AN A mE R, 2ok Ml . Al
PTG, X SR AR 2 Pl UL 30 e A LU A R R )
FEEAA, A ERTLE YA H K AR BE A BT B TR

T HEIAEIK FRE R, AR IR R EUE T
253, RS mm FPREE SR Z L . BT AN
JR 14 B AR AE AL, BT DLIE & B 2R PR RST tAS
RAE . 2R/ NN 28, 37 A1 44 mm ) H 2k 8,
Hop bunAaoc2hpE 2 M, FuhEirLirE 8 sk 9 M.
KIS fras, IR B A [ 1) 52 R P R D) B T
PLRJERE 4 )8, Al 10~250 g, Ti 10~160.1 g, Cu
10~561 g.

R EE RS R, PR 6 mmX 6 mmX 1.5
mm J7 A E S 5 1(c) M SRk . Dy
a2 2 )R L5 R B A iR 4 B S A 2 B,
EHNEAN SR EE, WK 6 Fn, SERIhET T
JF B X 295.1 g Al(d=58 mm). 307.8 g Ti(d=51 mm).
561 g Cu(d=48 mm) /% 807 g Cu(d=56 mm), % KHhfz
RIS E .

3 #Zig

1) SERRIIN TR, BEIEIE L,
NEE VRN, ERA&EIT TR R, X2
H T 189 P 24 P < R A o bzt , B AR
JRER AR R X 8™ A ) B I S Rk g, X SR
—HmIEE, REeEmEE AR,

2) BENL T RZE L XU AU IR 2 P P 0 FLR R,
IrHT T R LT R RO 2R (RN 0 A . R TR 22 e
NI E A AN G R R BT HIPE T, R BLER A
RIS L PR R, 7 (A ks . PR Y v
JEBRAR FIZR R F KA, 5 R4 1] S R BR
RS, BEAEE 0 ., 2B RN BT,
{ELXUJZ 2 [ <o BR A PR 2 T 2 ) 5K 5K



28 A5 11

£me, & =N ER AR R R AR 1 2293

m=17.6 g
d=15 mm

m=74.7 g
d=37 mm

m=10.6 g
d=16 mm

m=218. 8@:
d=53 mnx

m=309.9 g
d=40 mm

El5 HRLEEFEREE

Fig. 5 Photographs of different metals levitated by single-layer coils: (a) Cu 17.6 g; (b) Ti 10.6 g; (c) Ti 160.1 g; (d) Al 74.7 g; (e)

Al218.8 g; (f) Cu309.9 g
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Fig. 6 Photographs of different metals levitated by double-layer coils: (a) Al 295 g; (b) Ti 307 g; (c) Cu 561 g; (d) Cu 807 g
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Precise control of electromagnetic levitation for
3-D bulk metallic materials

CAI Xiao, WANG Hai-peng, WEI Bing-bo

(Department of Applied Physics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Containerless processing technique of bulk metals is of great importance not only in fundamental sciences,
such as materials science and liquid physics, but also for the development of advanced materials. Due to the small size
of levitated samples, novel materials research and its industrial application are seriously restricted. Therefore, a
numerical model of single-layer coil and double-layer coil was established to analyze the effect of the coil structure on
the distribution of magnetic field, the surface pressure and the levitation capability. Besides, the relationship among
number of turns, metal mass and the minimum value of levitation current were investigated experimentally. Meanwhile,
various electromagnetic levitation coils were designed to increase the levitation force, which were used to perform
containerless processing of bulk metallic materials. Three kinds of spherical bulk metals are successfully levitated and
heated by the designed coils, whose diameters range from 10 to 50 mm. Electromagnetic levitation of 807 g copper has
been successfully achieved by greatly enhancing the levitation force through the optimized geometric structure of the
coil.

Key words: bulk metallic materials; electromagnetic levitation coils; levitation force; optimization design
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