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Shape Optimization of High Frequency
Current Carrying Conductor by Skin Effect Visualization

Kohei KURODA, Yoshifuru SAITO and Kiyoshi HORII

ABSTRACT

High frequency operation of all conductors used in electrical/electronic devices causes the
skin effect in the current carrying conductors. In particular, employing high frequency
system bus in modern high speed computer leads to the serious skin effect, which is one of
the causes of thermal loss.

In the present paper, we try to visualize the skin effect in various frequencies when
flowing high frequency current in the conductors with various cross sectional shapes.
Referring to the visualization of skin effect, we try to searching for the optimal cross
sectional shape of conductor distributing the currents uniformly. This means that the
conductor having optimal cross section is capable of flowing high current without high
thermal cupper loss. To visualize the current distribution, 1.e., skin effect, it is essential to
solve one kind of Helmholtz equations. We employ a semi-analytical method which reduces
the partial differential equation into a set of equivalent electric circuits, Evaluation of each
of the branch currents of the equivalent electric circuits visualizes the current distribution

reflecting the skin effect.

Keywords: Shape optimization, Skin effect, Semi-analytical approach

T, /— M P CIRK I AR TR DO W M
RERELWLORGD. A EBIERLE TR OET
Bl & EH BT HEFE L2, b R - gE
DEDIZEBRBENMEH STV, Fhiy, ERET
BEB ST A =1L LIRS F N R (skin effect) I8
BaEl XS, TOREEE LT, BROWN D EE ORI
EADEL TR, VWb AXHIESEMm L, BikEko b
BEZEFERROMEMNBEAMBEREYT D, £, B
R r X — % BT AR I8 B E R4 AR &
TAHEmARE D, EPERNRERERE T BTN
WEEIZ72 Y, SAERRE 2 FEEEH52B80. 20

7o, EERENEE RS T AR, B
BIR CIRE ENDBA v &7 H v ARE E — Bl & &
R, BBk E LIBT3 A2 L LTHE
AXDLE/R. ZOBEWT, BR - BT BN
DIHRHI S E L T AR RITEECETOET U I
BRI 2 SICE A U i S CE ARERNE
LAV, D, NREREL SN o E TR T O L
ENTU A ¥ —WimE O BT AT D COERIT
RITENE WA D, L L, BERMEE UCERRIZ A
Tt A EET B HE, LIRMICRBER MO EROFY)
W RS L, RS R L U CRECCERM B O TI R
S TVAFEEMIITBECE 2.

A, 28 RBERICES, BEEERELEETS

— 271 —



KT OF LR Z AL, BEAEOETA THER R
0 5 — DRI AT A Rl e AR T E A & K
DHFFEDE 1 BETH D

KRBT~V LFEA Y BURR y FRAOMRE LR
E BT DA 5 D FE T~V LFAY R EMS FRR %
L ERD D, KT, BTEP RS TR E B
LA < CHREDEN TR FTRE 2 ERET OB (L ik %
fEATE L LCERAT AR

YEREAHTRO R &0, dnfar /e B HHE TR O BE b b
RIS EIFTRE L (RET 5. & LT, BMAOAF A~ AT
BHIETHD /A< DRXERNCS VI 2 R
FREH L, REAICERER MRS TR AR L
THTT2FIETHSD.

FEHRIT, BEFICERASTN S 2 ICEBET ARBR
NHETHHEBENOFRE—DHICHOFERTHDH. Kin
CH, REMRARESTAREIZEE LRBE. RS
HOE LI REHOH—LEERL, BRE LTRK
PWERPEREN D LRHET D, AT, ZOREI
DU C BB I S AR E R O Bl (b 2 R e — B A 4
L.

2. EHEIRG

2.1 EBFTHERFRNE

T 2O, ARRSCTERAT S AT B9 B RE AT R O R
HAEBATS.
a) EFYLY
EERREED BEF L L CFig 1 () O s %
WEAROWERREZET 2EELEZ 5. ZOEKLT
ACRE U A ROFUNBIER (R ofGICE SR
ZAh. BFU O, BONCEEOITERNE SO
WTERWVES, T72bb, MAABEEEZOLOORK
SHERPEEC X RWES, EREE A LY 2 AR
DEE~BEXHZ L. Fig. 1 (@ OBA, Fie. 1D LS
T TR MIRF DL ODEEENBE TS S L
ET D, I 2°C, i AAEEO RO ML E
’Nﬁ"&%bb\&* ZHE, AR EO SEIEE A
ERRRIZ L7355

7

(a) test conductor
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{b) division mode!

(¢) equivalent circuit of the division model

Fig.1 Modeling of a test conductor
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(a) 50Hz (b) 1kHz
Fig.2 Current distributions
White: High, Dark: Low

(c) 1MHz
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(c) 1MHz

(b) 1kHz
Fig.3 Magnetic field intensity distributions
White: High, Dark: Low
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Fig.4 Two tested conductors
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Fig. 5 Current distributions.
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Fig.6 Magnetic field intensity distributions
White: High, Dark: Low.
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Fig.7 Deformed triai conductor.
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Fig.8 CGurrent distributions
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Fig. 10 Square conductor
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Fig.11 Current distributions.
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Fig.12  Magnetic field distributions

(¢) 1MHz

Figs. 11,12 OERIL, HOMNICHMARAREER TR
FRAERDE SN, ZODEEE LTORBEREN
BFELRY, BRE L CHEORDEEEAEAT S, i
J5, RN R AR 2R ) MR SRR I BB A H
B 5 EKE RIS R RO R ZHE L, EEOF R
T 5.

4. F£&®

AL T, ETHERBREFMEEOEELZHE L
THY BT, ST AR FAENT IRIZ £ 5 BRI Lo
FRo3AT L BNV COBEREERIZ OV TR, %
DFER, TERRATENEIC X 5 S MEE LT~ 2ok &Y
R FRAEZEMRT 52 LR REPROARILE 7T
BELTBI LR~

Y EORERIEEFE 2 5 2, B2 EmEEROEE L
BRBE AR OB LHET 2 BROEROE
R Rz B L, B2 AEE TIIRESRITEHIS N
RWohERE LTORBEPRIFEEL 2D, RELT
EROFMTERAED Lz, iy,  SEE % "7
FR v R A E B TR R % BT 2 MAEBHEE R I
RERZHE L, EEOFMEmEE L EnS 5 TrEtE%
oMz L,

2 E XA

1) T. Takano, S. Hayano, and Y. Saito:Coil impedance computation
having arbitrary geometrical shape, IEEE PESC' 98, Vol. 2,
(May. 1998) , pp. 1991-1996

2) Yasuyuki Watazawa, Seiji Hayano and Yoshifuru Saito :
Semi-analytical electromagnetic field Computation, Int. J.
Appl. Electromagn. Mater. Vol. 15, Nos. 1-4, pp. 353 - 357, 10S
Press (April.2002)

3)  EEEEIE, REFEUE S ERLIEAM, ERTF A N, 2000
%, pp28 - 33

— 271 —



