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3D Analysis of The Characteristics of Levitation System

Dae-Yeong Jeon.
Seoul Nat’l Univ,

Ki-Sik Lee

Dan kuk Univ,  Seou

Abstract
In magnetic levitation and repulsion systems, the eddy
current on the rail induced by the motion of wvehicle,
plays an important role on forces.

The 3-dimensional finite element method is used to
analyze these phenomina,
carried out using Newton-Raphson method.  The levitation,

The non-linear analysis is also

drag, and guidance forces are compared with those obtained
by two-dimensional lirear analysis and three-dimensional

linear analysis,

1L AR

chEt] B 2% LR oANY 2] ¥ AL
eh 2at7lgs] duiel Hddel AN BN} shstiRlal, w)
E 4%, 098, et £ B U 3Y i o
# veleld o7, ssin dch

FUAME oA dPdmel Al A7) FER 2 A2
of oIyt iyl A7zt 3¢ Aok

€ =BoldE A7) 474 & SR dFH dde 4
AE FAY 4 A& i8] 3 RO 2o 0 8B
4% 1Y si3ich

R0l ¥AE AN E O B4, 24 sdese &
T YU AR YPR B 2y 4 ) slBe] 3R
T Y& HtiHE R Yo PPk Helold sidy 4
ot 3 sy =4l Yasich

Y Yo ojyY AA 20% 183 gois He 3
Aol At -0 Y&k AHgeldich. U, 2P wdg i
AN HAME & AY ARV et d, old Y48

-114~-

Song-Yop Hahn

Pan-Seck Shin
KERT

Yong-Joo Kim

1 Nat'] Univ, KERI

BAMOIM WAL 4 A AP 2 XY g 238} Het
of uPdY 814 J]Y<}! Newton - Raphson Y& E¢isisich,

2. A - ¢ Wof 2 Bz

EMe] $F0l TUY FeUAY WY PR L 4= A
4% 38y o chea} go] e,

UxH=Jo+ & {1-1)

-

¥xE=0

{1-2)

J1=0(E+vxB) {1-3)

- -

B=yH (1-4)

ol W, Jot AW BRI ik £Hol Al YA BE
ARoITh EU & SMY STF LRI oi7ld Ak

UE B} WA A7) ER Al EA U4 st 2 el
W thael A,
B=VxA {1-5)

;Z = -V
& # Al djisio Aelsia

(1-6)
1 - e - -
?x [—;— VxA}:Jota( W rv+TxA) (1-7)
otk 12]n AHS A4,

¥do = 0 {1-8)



'91 vl k3l 71 8k8l sl shET Sl =8 1991.7. 18(%) ~20(E)

& ¥4

Telo(-1+veTxA)l=0 (1-9)
o] ¥ 4] (1-7)2 4 (1-9)7} A-¢ P25 M3z ke
FelAe Apupgyae] "k Al WA 4e] Galerkin
Al AN 2A 23& Aeehd chEs) Ye BAL
Ry .Rod 78§ 4 Qlth
. .
RA='IVNLX [—“— TxA) o

H:JN:de-o[Nxvx(VxA)dv

- IN& Jodv (1-10)

§o=-[vwl-a{ —va'azx(vx;)]dv (1-11)

2] g #3 H Ag o3 3 WK BE 4
Qi SAelME ¢ AE @ w4t Ast ol chsl 25 471

7b ol 2wk Aol Aol ol uiA4 3 AR ExQ
c}h

AR AAE B Ry . Ro7h 008 S 2A§ Fol
2} A Bl eEE U,
3. M|NE N Ng

A7\ EMA A of S8 AL A (111003 3
o0} AN AAMA cored) rail?) A3 ENTYE T
AU AIALEE theat AL AR YeE EUY
< it

p = p (B2) (2-1)

el R WE 4 e ULE AIALEE Fohe
Atabgs] D B Loidch, of g VWU Salew
Yehd) Aiel Al (1-9)00 $eeatE R8s Qe Ak
A9 B YoiE

KA=f (2-2)

2l gl

—115~-

A (2208 A 34E T UE g Yshds) 48
che3} o] EYch

R(v,;)zl( (Vi) Al-f = 0 (2-3)
delel 271%0] ol 4 (2-2)8) st Fei| 9 9 Al g

Taylor 27i3}

?
R(UI*1.AL*H) = R(p, ALY + — RWLAL) + oo (2-4)
2
ThAl+l= Al BAl ojt}

Hld® Abg #lst Newton-Raphson W& 2|-§-8tad

K (pi) Al - 1 Z [Kiy AL - £L Jsa =0  (2-5)
[

olt,

of A& Aels) nu

(Kt + KiY-8A = -Ki.Al + f1

(2-6)
@ K=z § Jz X~ (TA) a(oed Al (27)
e i, j=1 -
A
v
ol 0] = (2-8)
ojc},
#HAE B FHU A=
Alel = Al 4 a-5al
o} e Yaow i Adlof tla] sofalc, o] of g ¥
E3golct.
4 3B AR

AE ZYE WY ¥4 vladEs} - ¥ weoe g5}
T A7 ¥ R Alagoln], o FelAe Hejof o2
(2" 1)z Yol X ez nladest Yeojd 93 A
Nl s Aol cidia ofy shddch,



348 344 249 334 44

4571 F714ok vjel AAGYE B o} xR2) M7 H & BA
7 A2 49 Mg A1AA Slol ujdY A4 A= WA 4
44 1 o 314 Aol Jlst Ag & 4ok

0.5

30} ER

LA.S
E

(ag 1) x-zee @ (ol

-

—

—
-
=

L

34

'_\.-_%
/

1 2 3 4 [
Oitance of shift {mm]

Foroe {N]

A4

]
3 8 8 8 & 8

-

o

= 2.D,QUIDE =~ Z_OLEVi —= 3_D,GUIDE —— 3_D,LEWI
A% US J = 1,36 (vat) =2 . J

A4S ¥ R=HE e (rail) = 870 (24 2) Ruasy 2249 3143} 3x4 siMe) w|a
opuEe] uFabg g (magnet) = 21800 2D (3.D) : 2(3)AH 8iy
de) AEE o (rail) = 1.E7 [who/a} ?E:,?E ;’h_;:

Y were gel upavEel ol = 0.2 [a]

opEs HEodN Rold Azl= s [m] 200

.« 8 Aelghe s olch, ol

#42} olade Alele] 3% = 0.5 [cal 1o

g 1201
457 ARS @ Bfole, AUsYo g e mey  § )
AN A4 Y 48 Byol 2 A sime ol M -

7] sialM B4 RUL4% (Upwind Finite Elesent Method)
& AHE tidlen] | o JRRelM Rejale o €@ 3 0 % 150 20 0
AARE Maxwell Stress Tensor ‘Y& ©]-8¢ z2lolc). Spoed fml
[ —+— s=8[mm]inear  —m— g=5{mm),non-inear ]

x| uldey sido] Yot AVANYE i 2Bk &
e, AZAGE FA& WA 2B e ¥ LY
3 UolA v § 3% cigAle R Tallsie Wi, & 3 2
Alof 818 2APY(Qubic Spline)d A staich.

(28 3) 443} uldY siddof o ehid b2,

(282)= MY s1MY] AP4& BF3) 1T @ e

= b AU 24T A © 244 442 uaY A sl
o slauEe) HE olY A=} BA glol ¥elz Qo] % 10,
204 o4 Azish AL QA A& Fu Y Ages S5

A(FE FHUE U4 Ak N
(293 L (284) ,(25) & vl2d=e o|y Az} ¥ 0
T () 100 150 200 3%
IR 5 (sa]Q) AR5t A olytix o A4E A Spoed flih)
of “" {"_%1} U]{"_%P_E Z}Zt 3',,"_} ﬁz}olt}. [—B— s=O[mm)lin —w— g=0[mm],non —+— s=5[mm}lin —w— s=5[mm),non l

-116-



91 thetd 7188 sHAl et =83 1991.7. 18(%) ~20(E)

(3" 4) 493} wpay e we AFS ula.

(3) T.Morisue, "Magnetic Vector  Potential  and

Electric  Scalar  potential in Three-Dimensional Eddy

LIN 149 sl
N uj g s Current Problem®, 1EEE Trans. Vol.Mag-18, 1982
(4) J.Mizia, K.Adamiak, A.R.Eastham, *Finite element
600 force calculation”, IEEE Trans. Vol.Mag-24, 1988
500 (5} Y.Saito, S.Hayano, T.Yamamura and N.Tsuya, *A
mw Representation of Magnetic Hysterisis®, IEEE Trans on
3004 Mag., Vol.20.No.5, 1984
20 © B4, Ad & I8 INY AIFEAY 024 8
b o, YAUAER, Aecita, 371343, 1989
R % 180 150 200 300
Speed [knvh]

[==s=0fmmlin = s=0immi.non —— s=S[mmin = s=S{mmlnon |

—

(29 5) 4%} ¥lAY 4ol TE YA w2,
LIN i sy
NN el ey

5. 4 8

FE5Re A7 FAR $ Aaglg B4 € 2P 9
31 3a4 Resfon sysact

2AHY M) Hl2d FoA vl ARG AL € A 2
@8] 2ol Qb g A& 4 Ao, Aol ujdy By
& R A AM4E 49 ek

o AU NG T e ol Held g4 U
Yol ot d371 Yaspin , 84 A o BA 3
fMME olaag A 4 e A7l AaY el 2
+ "rix spch

6 Ha2Y

(1) K.Reichert, H.Frenndl and W.Vogt, "The Calculation
of force and torque within numrical magnetic field

calculation method”, Proceeding on COMPUMAG,
pp.64-74, 1976

(2) Jean-Lonis Coalomb, "Finite. Element Three
Dimensional Magnetic Field Computation®, IEEE
Trans, MAG-17, 1981

- 117~



