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Introduction and simulation of skin effect of transmission line

Lu Qiupeng Zhang Qingpeng Qin Runjie

(Tianjin Special Equipment Inspection Institution, Tianjin 300192, China)

Abstract: Affected by the influence of skin effect, the current density distribution on the conductor cross-section is
completely different when there is high frequency current and direct current flowing through the conductor respectively.
In this article, the theoretical basis of skin effect and the calculation formula of conductor resistance were introduced.
With the help of Ansoft Maxwell electromagnetic field simulation software, a circular wire and a rectangular wire were
modeled and simulated, and the figures of skin effect under different current frequency were given. It is also proved

that with the increase of current frequency, the skin depth will be smaller and the resistance loss of the wire will be
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greater by comparing the current density distribution on the conductor cross-section under different frequency.

Keywords: skin effect; skin depth; Ansoft Maxwell; simulation

1 35

DR BB 2 HL - AR R AN W 1 i AR L T R
WP R R — o 2 R AL B 52 . A% i 2k b g LR
PR 2 SR I R BT R SR PR BE L A0 FEAR AR S
T 5 i e 7 5 IR 5 9 02 30 1 78 A 25 o B T 52 ey ) 2 BIR

V2223 B 20 IR AN 5 A BB 22 8] #) ¢ &R 2R 4T
TS SCHRL L i i B B R A A% i 2 b 9 H R 23 A 0 T
e i 2 B R R AR S T IS I 2 6 I ) L BT
AL SCHR[2 1l g R i Maxwell WURE 3% 05 f 41 4 &
T AR B 2R R W R A Rl O AR Rl i A BR
PR EE VAT R UNNULY EPVES X DS I X N R
IO R Rl £k . SCHRE3 J7E 5 1 Pk 2010 1 408 30 A58 B 11 i il
bR A BROGEE X R S A [ HE 81 O SR D7 2T
SRS A0RE A B J B I s TR AR R AT TR SOl
(4 1 s % ANSY'S 75 L fi 37 Hh 42 JIk S0 015 B 0 B8 i |

il

W B A . 2014-10
* HEGWUE < E R SUR BRI (2012QK293) T H

HARD R TR 2 A AT TRk A BB Y [ R
2L 1) R A5 B G AT SCHIR LS M) P B o 7 8 B £ 93 7 7 3k
WEE T AR AR5 R R R AL . A iy T AR O AR kY
TR IR R B f i 0 A 1 0 R R L R ) 52 U 4 AR
I

R IRAR 2 2 35 X0 A i 4 0 R R AT TS L EL
AT ARy S T 5T T7 18] 22 G i) T 52 A% ) RS 0 B FSR A 3
B BT LATE G REAN b T OO A T A A SR SR X 5 2%
AT AL U 85 L 3 A B 20 L AT Ansoft Maxwell B3
D5 B0 AR T A i IR RO BUR AL IR R IE T R
TR 5 JR TR B R OGRS

2 BEESERRENXRENE

T LU HL B L FL AL 2 50 M 23 A1 7 4 20 5 A B A TR
b R A S 2R A LAY R R A . HRTE

o« 27 o



% 38 &

woF ol

T B K

SR P S L L B 5 R AR AR I Y R R R R AR AR R 15
T B S AR AT G . B A R TR AR B 7 T 2 B
AR TAT b B A U 5 4 R TR A L U R AR 3 i 3 G M ik
R

TE HL P SR L B B R T AN R 3
2 Y HL L S R H A L A B AR B A U s (D
7R .

R:%i )

A REFLOHEM, o &2 2L M AR B LR (H R
HEEO  BAE Qe m, LEFEKE A ZFLMMEE
(IR 52 08

RSN LT #E R G805 0 RS B R R A R
BT . (R, BEE SR T &, 32 59 5240 A 52 i B 8 1) ok ik
V@R e o N VAN = N i ol 5 1 B NI 1 =
P P AE — A JEL B A T R B TR B R B T P, A R Ak A A5
A T A /N T A ) SE R B . & TR IR E 5
LA R SR A F S RN S AR A R AN

1
ey

Ao AHBEIRIRE ., S MR, p N E B FEO S
oo WEBIBENGHETE,

B0 (2) AT RLAS o Bk TR R 5 00 3 1 8 O AR B E

BRI EAEKRMNV LS SHIFLN LR
HFHAE K. KRG ™. M TFE1IFANRAES
2, G U e OEL A v AR BEL A 1 AR 2K 4 I S 5K (3D
(),

R .

R =2k (3

Ty

5= (2)

S BT

4

xy —wx(y—8°
W > 0, M=) TR .

~ ok
R= 2rs (5

K1 BES AR

XEF AP 2 I 7 B R A A AR R 4 B A A i AR (PCB)
M A A L BEL R e 9 e L B R A 500 3l S X C6)

¢« 28 o

KD,
HRELT
R:PL (6)
Tt
FAE LT
W i
R= o T oo ~ 20w 0 e
- W -
I
: l
| | t
! |
! |
L Yo ____1
)
A

B 2 PCB %8228 0B 3 i

A=) A (T AT LA L S 20 0 v BELAE 5 400 1
7 RRJBCIE FE » BV 25 000 5 f) 39 o 5 4 4 Hi L L o 7 98
WAL A R o 3 2 14 FRL BEL (BB L S R AR g

TS R L% 5 LR PE Ansoft Maxwell 351 Xt
PR B 5 2R PCBCE ] A AR b AR 3 4R AT 05 H L
i o= BUNIERD <) Gt Bu R N CIE 71 S i R -
T LG R TR R R G AR

3 REIE

Ansoft Maxwell & 5 3 & 09 10 3 43 9 0F & 3K
PR TR T 5 RHE . R AR T s S KT
TR 1Y B 3 T OA AE R D R I SR, B TR
B S5 M0 00 B 8 BB S AR LT M R ST R L RN B 4%
TIOR8 A T 10 3E M R 3 38 A LA sl 4 3 4%
P H 3 5 A 1Y 1) A

Ansoft Maxwell ££ Tk L 5 A 2 233 30 45, & LL
HAEA BRITRIA% B & B # 4 B R B Al v, o TR I s
TALEME M BT R L T Dm0 ke, HBREREBEWE 3

Fi7R .
elkee i)
SrEATRLR

BEBR RN

BCE PRI

& 3 Ansoft Maxwell #4E 7 72



PN F . EHEAPHBRAEOANBEG A

% 6

4 MESWER

FIH Ansoft Maxwell 3 A4F 43 5 % [B . S £ #1 PCB |-
TRV % He R EAT FRASE )7 B, 75 ) 5 2 A8 4K I 10 IR A 4
ERURE L NE 4~7 i, HhBEIE SLh 20 £ #A
IS B LR 0,040 64 em(16mil) . S48 1k
R B LA BT 5 Z T R A A B 5] 4 1 ]
., PCB FWMTE RLNEE N 16.5 pm, 585 K 40 pm,
BT R A B AT 42 . DN IET R AT LA S R, 52 8 IR 1Y
R 7F 5 S Aok AT I o 30T 00 % Ak P O R K

4 R 5 43510 10 MHz Fil 50 MHz i+ [5 JE 5 28 B
T O IR BE A ARG L, 181 6 FHIEL 7 43 )& 10 MHz
150 MHz BT S & B - R & E A m s oL, 4
BT 4 F1 5 K 6 AR 7, 0T Lk R BE A R B T
LA O b 0 IR o T R P TE R G Ab B iR
TR TR /0N o F U T 5 A A Y A T AR N L BRI T S
) P BEL 453 B AR K
J[A/Mm?] Y

1.4285E+008
1.3311E+008;
1.2337E+008
1.1364E+008

1.0390E+008
9.4165E+007|
8.4428E+007
7.4691E+007|
6.4955E+007
5.5218E+007|
4.5481E+007|
3.5745E+007
2.6008E+007|

1.6271E+007|
6.5346E+006
~-3.2020E+006
~1.2939E+007|

10 MHz

B4 [R5 48 R H 3 4 A (10 MH2)

JA/m?] Y

3.2298E+008
3.0082E+008
2.7865E+008

2.5648E+008
2.3432E+008
2.1215E+007
1.8998E+007
1.6782E+007
1.4565E+007
1.2348E+007
1.0132E+007
7.9149E+007
5.6982E+007
3.4815E+007

1.2648E+006
~9.5184E+006
~3.1685E+007

50 MHz

5 [ TR 5 4 B4R T HL 3 20 A (50 MH2)

10 MHz
6 RE P T LA MO L U 0 Al (10 MH2)

50 MHz
L7 HETE 5 LA AT FRL VAL 43 A (50 MH )

5 % it

Wil 5 2R 0000 28 0 42 1+ 32 78 PR S50 1 5% T A i 4 A R

THI PN F O 2 B 1Y) 43 A1 5 U B 28 43 A 1 G 0 AR AR S I

AR T R SR AL  HLUR A R R, R R R B R, § 4

1) R B 4 #E b SR 3 K. Al A Ansoft Maxwell #f4w] DL HE

7 B I L R A T ) R U R A A N L O TR B

R 1 A 7 PR AR LA B T 5 e Bk 28 5 4 BEL B 7 5

ma ER A T B .

S % Uk

C1] TR VAR, BRoRE . B JBR R0 T 1% i £ w5 A3 22 Ui v BEL 1Y)
A, ILPERM,2008,26(6) ; 873-875.

(2]  #AvK.Skbeid. FAA BRIT Jr ¥ 11 55 R0 U Bk 2k 1 4 Bk 2
RELJ]. (REHLE, 2005.(3): 7-9,16.

(3] Bk St W% AMROCEIT B 4s
W BFELT]. = R AR, 2007,33(9): 196-199.

(4] BRIEMS BREAR, B4 24, 5T ANSYS 945 bk 3808 43
1D, St Aba:,2012,30(1) ; 58-62.

(5] gl A4, AR Ty, 55, 5P # I K = 4 ks
BEBIECAE ST (1], 45 B TR K 222 9. 2006, 7(2)
167-171.

[6]  IREE LR @ EAE S 15 AR R '
S, E A R ,2011,30(6) : 9-12.

[7]  skadk. Si= i, A — R & ik b JC 3 09 sk
A vt B E R ,2013,36(6) : 25-28.

(8]  Wimehk . 5l b . FEIHT 2% . 4 J 4k 22 B0 ¢ IOk 2800 B4 52 56

.« 20



% 38 & woF ol

¥ #H K

FELI]. PITL UM 4 Be 2% 4 , 2013, 28(8) : 32-34.
(9] BEfk BRRFEERBEMEXRTFILI]. B
VOO 98 K 2% 2= . B4R B 4% WML, 2002, 30 (4)
64-66.
SPE S R MR B, S5 28 I The ARG 9k ik R
FERHL I 5 5086 o o8 [T 0. A 8% 48 3% 2% dik. 2014,
35(2): 327-336.

[10]

(8% 26 )
4 % it

25t — P g A5 25 1Y BT O vk L AR BB B R BH A% B AR

0BRSS 5 A AR 0 T 2K R e R S A RS B L

B 7 Pl B TRE T BU B MRT SR, R AIR T A T A, H G D A A

U /N, I 20K ¥ = 18 12 v, P 4 SR8 Be 0 300k, 6B

fg W FH 7E Tl K D A 45 ] 9 sk DL K IR B M R R

Bt . A LLE e STM32 45 36l 45 A9 12 10D 0 75 18 Bl

B AF AT LA S B0 2 T 4% 26 o 20 fn 188 & X A0 I & g

S & Lk

(1] 537 . ARk, G 2O i da 5 45 09 DU f 4 R %
i 90 B L) ] ot % 2% 4, 2013, 33 (4);:
04120011~ 041200110,

(2] 7%, FTRKAE. w5 43 Bt T P 1B 45 =0 s 4 65 258 19
M BARLT]. YRR ER, 2003,34(1) :234-239.

(3] XI5 & . 8%, FBama. 5. —Ff &7 MCU i A gk
B AT A ST L) ). [ A TR R, 2012,
31(8): 35-39.

(4] MW, EA %, B, & U m i a A sh ki
R[] B F W& 5308 2% i), 2012, 26 (11);
993-998.

(5] TLBRZE, BTHR. k. —F 00 R AL BF

e 30

[11] sk, a6, B o5 ml, 55, B R RN 0 =5 %% BE 7K 1% F AL

WIS L], BHLS TR R H,2013,40(8) :35-39.
EZ @A

AR 1978 AR A, TR, BRI 1 O AL B
K 0 S L R A AR BRI SE
E-mail :13752674177@139. com

HILI]. IR, 2010,33(2) : 38-40.

(6] M3, 77 #k 4. /N TS0 B 4 B &5 40 43 1% 25 BC IE JF
L] AU FE 4R, 2013,34(6) : 1374-1379.

[7] LEE H B, LEE ] H, LEE S J, et al. A study on
13bit rotary encoder of serial communication output
using single bipolar magnet and detecting a
displacement of singleturn and multiturn [ C]. 2011
8th International Conference on Ubiquitous Robots
and Ambient Intelligence (URAD. 2011: 637-639.

(8] % —JL, WHEZ. X0 B 5005 2% 10 (5 5 KRy
K1 R SEELR.2011(3):6-8.

(9] THE XAk, 2 M. g g A0 &5 R0k T S SR 3L

FFHLPL,2011,10:20-24.

XU Z H, WANG S C, CHIN T S, et al. Multi-pole

fine magnetic scale for high-resolution magnetic

[10]

encoders evidenced by a simplified method [ ] J.
Microsystem  Technologies, 2014, 20 ( 89 ).

1491-1496.

EEB N

KALsE. T2t L df0h . BB O ML RS
SRS E S A H L i ARG .
E-mail: zly@hdu. edu. cn



