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Effects of Coulomb Gauge Condition and Current Continuity Condition
on 3—-Dimensional FE Analysis for Eddy Current Problems

=3 &
(Hyang-Beom Lee)

Abstract — To solve the 3D eddy current problems by using FE(finite element) method with MVP(magnetic vector
potential) and electric scalar potential, Coulomb gauge condition and current continuity condition have to be considered.
Coulomb gauge condition enforced on existing FE formulations to insure the uniqueness of MVP looks unnatural and
current continuity condition which can be driven from Ampere’s law looks unnecessary. So in this paper the effect of
two conditions on FE formulations are investigated in order to help to obtain accurate numerical simulation results.
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Fig. 3.1 Analysis Model
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Table 3.2 Boundary conditions

AAZA 1 AR A ZFE Y BAZA
AW/ A [ VWim] A [Vom]
X=-40[mm] 0 n/a n/a
X= 40[mm] 0 n/a n/a
Y=-40{mm] 0 n/a -0.02
Y= 40[mm] 0 n/a 0.02
Z=-40[mm] 0 0.02 n/a
Z= 40[mm] 0 -0.02 n/a
AAZA N A e o8 AA=zA
’ A Wim AV A [V/m]
X=-40[mm] 0 0 n/a
X= 40[mm] 0 0 n/a
Y=-40[mm] 0 0 -0.04
Y= 40{mm] 0 0 0.04
Z=-40[mm] 0 0 n/a
Z= 40[mm)} 0 0 n/a
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Fig. 3.3 Variables - MVP & ESP, Coulomb gauge condition,

(Equation A, MEC), BC |

Zimem)

2ym)

(d) M7|AaZetzeiMd

(© ExolMel 7,

a3 3.4 MVPel ESPE H$=2 A2, EEAOXIZH 8o
oteH==4] B, MEQ), A=A | A8

Fig. 3.4 Variables - MVP & ESP, No Coulomb gauge
condition, (Equation B, MEO), BC |

29 368 WYAIMAEAE
FANNZAE RASA F& F(54
o5 AMHEAAS B2 GE A
¥ + 4o 2¢ 4uf pEs

o 98e 2 4 Ak ax
Jroﬂ Wstd & o 19 33 ¢
‘}z] 0, WuAT 0F7) S S ¥
HEWAS A8 A4S, déol gt
Z7h ggal wolA W, Al EAshs
Be of7 Jee 47 ¢+ sk

HyEE AMEslEA 2
D, MM0O)2] 23
dl 7R 9 Fol tE
BEAN 378 &
GAFEXE ¥
a9 349 A7)
Atk A7
M e ofHdFE

FolrE A

ﬂ“

L) mH

L l°{‘

¥
_)'\_

& °° 2 o

x
B
o8

3x AR EHL RN 2EHoIXI=HA HEAZEH

=

Trans. KIEE. Vol. 54B, No. 10, OCT, 2005

(o) SHolA A,

NN

B any

(© ZAoMe

33 35 MMVPE HEZ ALE, 2EAH0|X=H H0i(F4
C, MMC), ZAHI=H | A2
Fig. 3.5 Variables - MMVP, Coulomb gauge condition,

(Equation C, MMC), BC |

Ztmm]

(o) SHoIMS A,

© AN J_

orgt

O3 3.6 MMVPE HSFZ A8, EEH0X[=AH 50
(=4 D, MMQ), ZAH = | AlE
Fig. 3.6 Variables -~ MMVP, No Coulomb gauge condition,

(Equation D, MMO), BC |

a9 359 17369 AN dHdF EEE 4 (2.24)9
e RAY Ar)aBREAde] FAE WIAIYHE
HA4E oMY EdE wed EyAr| TR E S
AL 2 g8 2 ZES 92 5 Yo ey 2

AlNzRE ZAZ FAD AL, o] 274 we} 2o

EdEY I Fol 219 vz RYIEE é#a

QA Hx, FFANAZAE FAHA &L B4 oA

E7b FoiX 2 AdE FHIAEF AHE BA %‘:}
ERANAZAY (210) £ ARAE2DH 2971 A

Aol HE3 HELHAJEAE @IS A5 47 2

487



BRAB|E N 54BE 103k 2005%F 10R

M

2z 2H9 HEGS AdsAt HEALS A E 33 v-AY v-T MEue Hox
32 2 4 @B deidn. AFAFEY B ¢
2yion ¥EH fEHEZ, 4 (32)8 @Y UFddol
ot EANANZzAY B¢ FEA4S BAI s & v.-AS ARz
Axoz Aupgae] FHEY] ded, F74E B gD

ol

Table 3.3 Maximum integration value of v-Aand v-7,

2 @e wEg g A4 (32 2 4 (3L FAA ) FAB ) FAC ) 4D
X=1625[mmldl Y-Z Bee] 2% sATo] tsel AN MEC | MEO | MMC | MMO
of 3¢ 37 ¥ 29 38 Z7 Yepi 29 37 R 2 ZAAZA 1|1.5556E-05|1:4424E-03 | 1.6126E-03 | 7.3012E-02
g 382 28 ()Y HHHRS 7122 A7 Ho sle AAZZF U(3.0455E-0411.3574E-03 | 4.9353E-03 8.566312—0]

ZoMe HAgke .30l . -
o, 2t adZAX e HAgke ® 339 YU v. 7o ARy

[ v-Aav=0 (32) +49A ] #4B | #4¢c [ #490D

’ ) MEC MEOQ MMC MMO
7 .

f gV Jedv=10 63 ZAA 22 1|41697E+05 |1.0237E+08 | 1.7027E+08 | 1.4643E+09

Z A= 11 3.1008E+06 | 1.0720E+08(4.9571E+08 | 1.6754E+09

¥ 339 @2 AFeA @S] VEHUUE Fo] H
ok slm 2, FAAY LAE T3y G Fo] HLF
2744 Hdg X et RE zAol ¢ HEH
(=2 A, MEC)7E 4] 32)2 4 33)& 7Hd & #5¢
< ¢ F lon, RYANAHEIILEE AR 2FA
AzA& A3 & A4 D, MMO7F 7HE 23t
age AL WY & ok EEHEEES dA7s
2T d S ALEEAN FEANAZAE HEHA F2
A%($#4 B, ME0), 1922 &I 3N e F4 A (@ +4 A, MEC
o) B4 TAAAT, 4A FAHY d#Hz vustd 24
7t 333 Ade Ao UER

Ade BBV Y8t 2 (26)9) JEd RAYE A7 HH
Tdde ddste 43g 2et AAZRA [HAE A7
HEddo] 3H}EE Az FAHUT L A
z70] JAsA gA FolAdas, WM A7HE 2
dol sldate g ¥R Astel AAzd Ok 2E = N
Ag Relsgln MR 29 3998 29 3149 e () 4 C. MMC @ F40
Tk AARA Te AANN 4, % Ax 9ol de s 18 37 SAZT I ST A v A% REL
Aof, Avto] o] ohd ze ZHAE AAZEACT wetA Fig. 3.7 Integration value of v- A for BC |
29 39%E 17 3129 (2PN ZAARTEL B9, 4
Aiure] EAEE, Y=—qnmd LFFANMET clHAR
g WEHE JED, Y=40[mild LEFBANAE
Y2 gse dyz Jepds 2 4 v 29 39 2 29
3102 A7|EEXddn Hrj2ZREALE AF2 A
e A2 AFASZRAS FAAA Zo] AMEE7] HE
of =AM JAFEEI BEYPHoR BIRA XIS
2 £ gtk o83 GAREETE TVEZ] AT AVHEHE (a) =4 A, MEC (b) 2| B, MEO
dAe] PEE HAREAMNY £Es the WIESE JMHE

Hrmaaa ehagpn Vak o Lavd

SO % oo Ju

ANy
«w

Potr b ety ana o Ovie

F

2 % o
ag 3118 HYAV|AHEAES W5 AgstEs i
FANAZAE BT FHSFA C, MMOZ A7|9HE Ful
dde] BE¥E 19 39 2 29 3104 Fds} v 2 RN
th BAT EARRY AVMHEREL BAREY BX LT
23 )8k ARulo] EA3E= RO o}, EF
s MxaA 29 grdel A Ao 2l £, © 24 C. MMC @ +4 D. MMO
SAFREEY A$E 28 JE o] TAs B o} R
o o O 38 FAZA 19 B i v HEU
dolA E71REoe AU Ao 2E AL B F o ¢
ol e}, Fig. 3.8 Integration value of v J, for BC |



29 3128 HYA/AHEAEL A5 AL EA 2
FANANZAE F85 \%% A (54 D, MM0)e] A3}
2 SAFEXE 1¥9 39 ¥ I8 3108 AR vkd B
ol A gk, Z}7] e} Z el 4 o) —E—E% olF T WAL Holxn
At
%%ﬂﬂﬂzﬂ 94 AFAL&zPA g HEL a¥

92 39 3149 ZZ dEY o] aHEEL HA
E 330 Jetlideh BAzA 19 A vEEA, B
Z7A0e] o HL8 A$(54 A MECZ 713 2738 &
NEG AL & F on, dPA/NHEEE S AEEY
ZZANANZAE AEsA 4L A (2 D, MMO)7E 7t
Z o7 ades AL ¢ F S{l‘?}

A7IHEEEE @ A2 IPES BE UFR ANE
&a, ARG AFfdEzAg °1%3}°ﬂ1 Az ML
= AS A7¥eizdde 2¥y AF B¥ EelE
A4 2828 ¢ F AU EFANARAY AL o

daglol 1822 YEld sl4 AR FUYTE Ao
AS HEsyg o

e e -W

BgAT 2EAcAEA ¥ ARA&EZ

%S %115'— ANZE SEFANAZAE BtEA 1ysteiof
§4EAFH7} FEste 228 28 F AT
Y7 AR LIS AHSste B¢ B7|aZ2Edds
FAIE A& Aestr] fEd AFdL=3E 74 4
oA Zol ALE F YU mEA st e dAdAE
EA AAAA AFH7F FVIFE2E 38 F e, YUY

oz E75d At 2E&H A

(@) ™M2|agat=zdd

© SHoIMS T,

a3 39 MVPel ESPE #F2 ALE, EEH0IXE=H 20
(4l A MEC), ZHZ=H I AE
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{Equation C, MMC), BC I

489



BRBE RN 54B% 103 20055 108

(b) EHoIA2l A,

(© oM J_

g 3.12 MMVPE HTE ALE, EBH0/X=H 7o otgt
(=4 D, MMO), ZA = I AE

Fig. 3.12 Variables = MMVP, No Coulomb gauge condition,
(Equation D, MMO0), BC |l
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Fig. 3.14 Integration value of v -7, for BC Il
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