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Visualization of the high frequency

current distribution
by semi-analytical method
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Abstract

For electromagnetic field analysis, we have previously proposed a
semi-analytical method, which has made it possible to simulate the
complex electromagnetic field distributions not obtainable by the
conventional numerical schemes, such as finite elements and boundary
elements means. However, our semi-analytical method encounters some
difficulty when analyzing the high frequency electromagnetic field
distribution because of the displacement currents.

In this paper, we propose a new semi-analytical method taking the
displacement current into account. Target conductive region can be
subdivided into small cylindrical conductors having simple geometrical
shape. Resistance and inductance of each subdivided conductor are
analytically calculated to derive an equivalent circuit. Solving this
equivalent circuit makes it possible to compute electromagnetic field
distribution. As the results, we have succeeded in skin effect and eddy
current visualization.
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4.4 D X 5 72ET VAR 28 T4 CIZ DWW Tk %,
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2 45

L IR A [B] #% (i4,i5),(v4,v5)
(i1,iz,13),

4.4 F7 /1A
VRN, is OBHAFI, vy, vs DBERPN-THY, 22U, i,

b DEREBTI, vy vy uOBEBHDP-TNE LTS, B b1 EBIEN
7RV, FRERRUDB L URA L5,

L=[i, iy iy iy is]" (4.1)

V=[v vy vy vy vl (4.2)

ZZT, 1NN D ERE i, FUNEEZ Y, &3 5&, KCL £V i, =i, =i,
KVL XV v, =v, +vs E W BIRRD - SNDMERHH. 2D, b D&%
W H LWERNY T EEERY MV EZNZENRA4.3)B L0445 5.

U'=[i; iy iy i ] (4.3

V'=[v vy v 0,17 (4.4)

wiz, Ei~z hrA4.1) &M@ 5 Bk A H(4.5) & (4.6) IR,

i1 100 o] .
il o1 0 of"
is[=/0 0 1 0] (4.5)
il 1o 00 1|7
] oo o 1t
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1000
0100
[=cCr C={0 010 (4.6)
000 1
00 0 1]
BIEAY PAA4.2) L3I 5 BIR 2 30(4.7) & R8I AT
w] T1 0000
v,| 1o 100 of"™
2| _
vl loo1 0 o0f? “.7
Va
vl 1o oo 11
1)
1000 0
01000
V'=BV B=
00100 (4.8
0001 1

K4.6) L XK@Y DHELNTZENENDOITHIC E4TFIB ElEB=CT OEKRIZH VY,
Z DATHI C Z4ERATHI & RS

F 7o, ERHTHO TR K » TR R& v 27 a5, H(2.18)~(4.7) & Hi(4.9)
ERALTHEOLNLGHRU.9 LS.

v'=Cc'zcr (4.9)
A E—Z U ATHNZ0E, 1TRANE 2RO EA B 7 2 AEBZE LTS,

4.3 BRSMAEM

4.1 1R LIZiBRBIES 2 482 LT, 2 INOERRIZ T 2 G /941 & YERRATHY
FIEIZ K o THIT LSRR A X 4.5 1277, K 4.5 (@), B LOCIE, BEEhE R A
Zh 2 50[Hzl, 1.0lkHz]4 J OV 100[kHz] & L7 @ EIREER~Z MASHTHD.
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'y PR 'y (AR
44y AR 44y AR
I ™" I m
Wik Fre Ahk Fre

Wk ry W Fry
I3 I3
‘\‘ ” ‘\‘ ”
* *
.. ” .. >
‘\ %, ‘, > ‘\ %, ‘; pd
R e R e
iy iy S
S e s
(a) 50[Hzl (b) 1.0[kHz]
nnnnnn
e
(¢) 100[kHz]
min max

1
X 4.5 RN

B AR OFE L, X 4.5 FON T — =T H L0 LT 5. X 4.5(a)F L V()
TIE, BolH o~ kb Z < OMBE MBI TNDZ ERHDL. i, /A~ D
ERNZHE RS =2 A L DORER & e & B RBCHIET 5 35T & 5 T~ B Akl S
HinbTHD.

Lo L2y s, BICEEEE L LEEGA, K 4500 L 912z < OFE RN

TALTWD Z e D, iU, AW E &< T 52 & CREE S SRR m %
TEL, g A LD b IREEDSEEIN TN D o A LD LN O 3 B 3 S AN AR SRS
WIS TH D,
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44 PREERER

4.1 (TR Rl 2 FERRISAERL U EBR 24T o 7. $fIZ i 2 B & LRI E Hk
IRNDT 1RO Frle A 2 B 5 A AR L 2 O TRETIE & DI 21T 5 .
4.6 DNFBE L FRATIE & DA =& 2 AR AR ED L TH % .

4.6 A E—HF A%t E R
(GEHR - FRATAE  AURR - FEBRAE)

4.6 £V, @A 51O THERE & MITEOHM A —H L Tnd. Zhid,
(KA BRI T 36 1T D FEBR TR K DA /) A AR E £, SERICR DI A1 &
I B ANTEI R, A ZAOREPEIRIS NI LB BND.

LI EDRERD G, MEMAT R TFIE DM BT~ O R R ET FETH 5 Z LV 5.

4.5 F&OH

ARETIE, BRI LERT ik 2 L7l ik~ £ ORER, B
THE NS Z &Ik v ESIRIEZ SRS S, BT FEICL D 2T 405k
AP EHATETH Y, TR WD 2 LV LTz,

WIZ, VEMEHTHOTFIEIC & Vi@ oA 2 v Lo, iAo La, Y v/
A R 3A B - TR OMERATEAN D 25, BRI R DI >N THOLEDICE
< DERDTLN DR D D Z L3~ 7.

RIS, Afa THIO TAMRE & ST HERRHTHY FIEIC & 2 “immE R EIZ B 5 fif
& R DU E HER T DIRAEFERE T o 72, 1 RN DI ToA B — 5 v AxtE I
BORrPE O RBRIE & fRATIE 2 el L BAF e — Bz 57, ZOMRN B, WERITH)FIED —
WA v & IR "R OMEF I bR ATRE TH 5 Z & AR S .
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E5F

N—=YFa v a—2 DXL SRS LIZ L0 mERE N — Y T a s e e —
ZDIEPLIRE R B2 STV A BUR A E 2, RiwsUE, BRE RO EERERbIc
PE S 1518 BRE) 23 SR WAL 3 2 R B RO BB R A A, BN L~ L CHEMT AT RE
& T HWERATHITFEIZE L Tk 72 b D ThH 5.

92 BT, YMEMNT TIEORMEEGG & 2 O FIHICOWTGR AR 72, RN T TIED
BROFIL, BASEREOEMPJLNVIZETHNNTA—F TOHMAEA LX)
B UARK N B ADIRNTIRERAT 5 RICH D, TN, HERATHY TSR
RLERNOATT D22 2 ML T D MBIV LICER Y, FIEORKOFEE 72
H. MRS TAIUE, MERRATROTEIEBRAEE - PARESEIC IERAMRICHE 95 2 L A AIRE T H
%.

%3 ETIE, BRI D BN O AL 21TV, B IR O i ki
DOWTCIR AT, ERWr O 2 A, EHFEB L O ED =M L LG OB
DA E AL LT, mERBRENT S TORIRICR D RBIR ZME LTz, £/, &R
AT DINN Y FiX, EREHOWNLE & DOFURNEETHD Z LD, NLAEED
FEEEDS VN EEMN L LD Z R Hlo7-. Th2bh, WL E ORREED K E W
Wi R 2 B 28 RIIREDROZEN R DR N L2 NI L.

W, B7p DWHE IR 2B T D8RO A B o At B R O ek 217 - 7=
Wi RS 50 = AR OGE N B2 A V=5 v AR EE R L. Zh
%, LR OFEREORFINT 24T > 7o IBIR O TR b REWZ L ITEKT 5.
ZDZ LG, BRKmE R OEEIE, PR E OREBEORTIZ "TRE/R R Y KX <
THZETHDLI ENH L.

FATETI, WEFHEAERAT TEZ LR U, JERME R OB A0 & R
7o, WERMEOET VLV E LTIRMEZARRE Y VA RaA L THKRL, YL /A
RaAf V~EEBERZE L CEEZAMN L. ZOERAET D 1 RER 2 2 A
FRMTRIRERIZHHAZ S E D Z & CiER A BAES Y. 1RO 2 A L2 ERTH) T
ECHITT 2856, BRI & 722 2 542k LT KVL, KCL {2 S+ 28t
179 CEZHNWTY AT AR EE HikzEA L, TORE, FEEMEROMENR
S3AT  FRATATRE & LT,

KB CIL, WEIIaA VTHDL Y L A RaAf WiZih-> T b &< iz,
R, /A = OIERNRE IR = A L OBEH & i b RS HITT 5 AT & 71
NERPHEE SN AHT2DTHAH. L L b, BIZEEREZ S LGS, Pl
MFERNER Lz, ZiuL, FERBARLS T2 LIk o TREIENEE LD, §E
RE LU TCHEERAEEDPBERZBEIRVIREL DR, YL /A RafrrbibiE
BEASBEEAL T2 = A L O HULERIFAERI BN R SR 55 <, BIRBET T 5720 LML
7.
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VLEIC R Y, YERTEO RIS K 2 @A BB AT AT IS, Bt A &% < OERK
ST RIS R L THd TR TH Y, BRIAENTO 71k L LTHIRFTE 20D
EERABND.
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