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Magnetic Field Analysis in Accordance with Line Configuration Type
in Underground Transmission Systems

ol A W -0l & W'
(Jae-Myeong Lee - Jong-Beom Lee)

Abstract - This paper describes magnetic field on power cable in underground transmission systems. Based on specification
which is being used in domestic power utility, magnetic field was analyzed in accordance with line arrangement, line burial
depth and phase spacing. Magnetic field magnitude and its trend were understood in each circuit type such as double circuits,
triple circuits and quadruple circuits of underground transmission systems. In addition, magnetic field was analyzed according
to phase arrangement changing in each circuit. Finally, the proper phase arrangement configuration type was suggested by the
evaluation of analysis result. Magnetic field was calculated by using Biot-Savart's law. According to the evaluated magnetic
fields based on phase layout configuration in each circuit, it figured out that each of magnetic fields was different. As a
result, this paper proposes a proper phase layout configuration for generating minimum magnetic field. It is evaluated that the
phase layout configuration in each circuit proposed in this paper can be used at actual underground transmission systems.
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Fig. 2 Spatial variation of magnetic field according to time
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Fig. 3 Magnetic field variation according to time at xy plane

B= (Bry sinf+ B, cosf)* + (B“/ Sil’l9+B1»y0089)2 (5)

RAQ ©Q)= [Teslal, [Gauss]Z2 FEISY 4 9om 10t
Gausse= 1TeslaOl 1,000mG= 100uTe} ZTH AR SALZQ}
Zo] 3 13]d ojdeg AYo] AEE A0 & A= &
ATHZRE o= A x, v SRES T8 = 44e #4
of ASUEE o ErH11].

ot

2.2 KA 314

ANESHAZA AA o] gaks e Q452 ALY
HOl QARRF A7), 4gE, FA, AolE HRAQ4amdzo]
HESE], ZAIME, AR, Aol FERARA A, Aolg
MR, 7IEIQARIATR)BO] tt B =RoME 0F KE5s
AR mdzlo], HiESE, TAE L MRS SFE0R
st AeEjoA RAESHARO A widTt wixlo) UE A}
AE SHM3IICE Tl ol = AESAL AESHEATIE
DS-61000] AAIE0] QA= 284, 354 H 45149 AA| 28t
AMAZ0] 3m, =R 0.35mES AEdH AEjola BAS §
A1 SATD=ETRO] ARo|ME AZaFT AuiRlo] T2 KA
S 77t siAdslal ol BT ORM FAER 40 IAS &
A & Qe AZEdn ARl S wAle MIQSEaIA Stk
MG She 2o SlAE iRl EE TIY 49 ZrH12].

A &3 A™E [EC-62110014 71E02 Fstal &= Hie
Zo] AEHOERE 05m, 1.0m 2 1.5m Al FHolx &&st 3t
ol HEAIE AHAY A7|Z2 APZICL siA tha) AESHLAZ9
Fere 154kV, ABRFE 500A BE 34 2R HSIICH13].



Trans. KIEE. Vol. 64, No. 12, DEC, 2015

7 17 7 7 L5mol Al AEOIA AL o) BRI, olet o] zkg w|ola
® o g =7 geg gAghe 7IFes & o, v o] 15mE
000| | [0do| | |339| | looo e Sn s T o o Lo
5006 000 S 08 000 2 g A0E AAE 36.29%, 2mY B 55.7%, 2.5mY &
000 5806 0000 2 67.35%, 3mY AL 749%= RAEAUCE =H7HE W] w
23l 3ol 4=ld 45l E A= Z0o] 1m, EAIRFE 0.35mzE s HlY &7t g
(Case 1) (Case 2) (Case 3) (Case 4) - . - o =
P 7NFEOR & 0 TAIZHE 025me] AL A 24.69%, 0.15mY
AL 52.28%7F RZAEACE
a4 sl U2 HiRE I8 6= 35141 AlR(Case 20IA mHEZIOIQL ERIZFAY X}
Fig. 4 Conduit line in each circuit AS S50 LER ZTolth Case 291 33]A41 AZo] AL,
mjdzlod AHAlE 0] 1m, =AIZHE 0.35mE E4Aokal s
22.1 KA=29 mdzlolel 74 Wl wWE AA =7t g 71ECR o] 15mE 2T 4 A= 31.56%,

2me B9 49.97%, 25md ES 61.74%, 3mY AP 69.18%=
a9 5% 234 ME(Case DOIA mhdZloler ERIZPAE A} RAAEACE EANE WHelo] WE AAE 2ol 1m, EAIE

AE shAsto] LERH ZTOITh Case 191 284 AR EL, 0.35mE xAdotil Hig = Fe 7IECE ZARME 0.25me
mEzlod A= 2ol 1m, EARM 0.35mE AE2E 2dstil AL AAE 1761%, 0.15mY AP 41.81%7F MAEACH
i SUREOAS AL GOl g2 KW 05m, Im = J" 72 4314 AR(Case 3)ollA] miEzZIolQt ERITHAE R}
, 5 R ] N
o M Has139 ST e LI R B s B0 cynag
! ‘2200' ERIA0] %025 " 0]
. ol SRR SH2A015] ciz0ssp] R

ik L 9 15
r 0l I
0 Goundlwl EWUU' w
17777 (i
. "f“‘ jso— Gl
B = T 0 VI ) 0 1 0 [ % K 0 10 0 L N 0
00 HesuezE 23] H2zozey hey Hegozssy 83T HEsuozsE 239 esuozsEy 259

3% 5 2514 AZ(Case DOIA mHEZIoOIQt EAI7HE WHsto] TE AHA
Fig. 5 Magnetic field according to variation of burial depth and line spacing in double circuits(Case 1)
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Fig. 6 Magnetic field according to variation of burial depth and line spacing in triple circuits(Case 2)
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Fig. 7 Magnetic field according to variation of burial depth and line spacing in quadruple circuits(Case 3)
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Fig. 8 Magnetic field according to variation of burial depth and line spacing in quadruple circuits(Case 4)
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Table 1 Magnetic field according to variation of phase
layout configuration in double circuits(Case 1)

1-1 1-2 1-3 1-4 1-5 1-6

aab aac abc aba aca ach

bcc bch bca bcc bchb bca

AA Z | 61 mG) | 46 mG) | 36 mG) | 41 mG) | (35 m®) | (6 mG)
=+ 2-1 2-2 2=3 2-4 2-5 2-6
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Table 2 Magnetic field according to variation of phase
layout configuration in triple circuits(Case 2)

T+ 32 1-1 1-2 1-3 1-4 1-5 1-6

a a b b c P
bc cb ca ac b a ab
aab] aab aab aab aab aab
bcc]| bcc bcc bcc bcc bcc
A ZE | 43 mG) | 48 mG) | (31 mG) | (51 mG) | 23 mG) | (48 mG)
T 2 2-1 2-2 2-3 2-4 2-5 2-6
a a b b c a
bc cb ca ac ba ab
aac| aac aac aac aac aac
bcb| bchb bchb bcbh bch bcbh
A T (48 mG) | (50 mG) | (17 mG) | 48 mG) | (38 mG) | (43 mG)
T8 3-1 3-2 3-3 3-4 3-5 3-6
a a b b c a
b c cb ca ac b a ab
abc|] abc abc abc abc abec
bcal] bca bca bca bca bca

- aab aac abc aba aca ach
LI
cbec chbb cba chbec cbb cba
AA ZE | 46 mG) | G1 mG) | 6 mG) | (35 mG) | 41 mG) | (36 mG)
T8 3-1 =2 3-3 3-4 3-5 3-6
bab bac bbec bba bca bchb

AA ZE | 43 mG) | A7 mG) | (78 mG) | 40 mG) | (33 mG) | (40 mG)

T8 4-1 4-2 4-3 4-4 4-5 4-6
a a b b c a
bc chb ca ac b a ab

abal] aba aba aba aba aba

ARl

iRl cac cab caa cac cab caa bcc| bcec bcc bcc bcec bcc
A (35 mG) | (6 mG) | (61 mG) | 46 mG) | (36 mG) | (41 mG) A Bk (48 mG) | (42 mG) | (33 mG) | 48 mG) | 37 mG) | (24 mG)
T2 4-1 4-2 4-3 4-4 4-5 4-6 T+ &2 5-1 5-2 5-3 5-4 5-5 5-6

bab bac bbec bba bca bcb
acc ach aca acc ach aca
A gk (41 mG) | 36 mG) | 46 mG) | 61 mG) | 6 mG) | 35 mG)
T & 5-1 5-2 5-3 =4l 5-5 5-6

a a b b c a
bc chb ca ac b a ab
acal| aca aca aca aca aca
bcbhb| bch bchb bch bch bch

AHiR]

cab cac chbc chba cca cch
abc abb aba abc abb aba

A [48 me) | 43 me) | @0 mG) | @ mG) | 35 mG) [ 37 mG)
T2 6-1 6-2 6-3 6-4 6-5 6-6

A 7k (36 mG) | 41 mG) [ 35 mG) | 6 mG) | (61 mG) [ 46 mG)
T 8 6-1 6-2 6-3 6-4 6-5 6-6
cab cac cbec chba cca cch
bac bab baa bac bab baa

iR

b b c a
bc cb ca ac b a ab
achb| ach ach ach ach ach
bcal| bca bca bca bca bca

AR

A g (6 mG) | (35 mG) | 41 mG) | (36 mG) | 46 mG) | (51 mG)

AA A7 mG) | 21 mG) | (18 mG) | 21 mG) | (21 mG) | 21 mG)
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Table 3 Magnetic field according to variation of phase
layout configuration in quadruple circuits(Case 3)
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Table 4 Magnetic field according to variation of phase
layout configuration in quadruple circuits(Case 4)

T 1-1 1-2 1-3 1-4 1-5 1-6

- 2 1-1 1-2 1-3 1-4 1-5 1-6

aab | aac abec aba aca ach
bcc ]| bch bca bcec bchb bca
acb|lach ach ach ach ach
bca]| bca bca bca bca bca

abablabaclabbclabbalabcalabch
MRl [acbclacbblacbalacbclacbblachba
bccalbccalbccalbccalbccalbcca
A ZE | 61 mG) | 51 mG) | 48 mG) | 62 mG) | (21 mG) | (32 mG)

A Bk (51 mG@) | 48 m® | 35 mG) | (40 m®) | (36 mG) | (10 mG)

T = 2-1 2-2 2-3 2-4 2-5 2-6

T8 2-1 2-2 2-3 2-4 2-5 2-6

aab | aac abec aba aca ach
cbc|cbhb cba cbc cbb cba
acb|ach ach ach ach ach
bca]| bca bca bca bca bca
A 7 (48 mG) | (63 mG) | O mG) | 33 mG) | 44 mG) | (39 mG)
T = 3-1 3-2 3-3 3-4 3-5 3-6
bab | bac bbec bba bca bch
cac cab caa cac cab caa
acb|ach ach ach ach ach
bca] bca bca bca bca bca
A B (33 mG) | (56 mG) | 48 mG) | 43 mG) | (34 mG) | (40 mG)
T & 4-1 4-2 4-3 4-4 4-5 4-6

AHIR]

AR

acablacac|lachc|lacbalaccalacch
ARl [abbclabbblabbalabbclabbblabba
bccal|bccalbccalbccalbccalbcca
A 2k (48 mG) | (46 mG) | (34 mG) | (34 mG) | (32 mG) | (18 mG)
T &2 3-1 3-2 3-3 3-4 3-5 3-6
bcab|bcac|bcbc|bcbalbccalbcch
iRl [aabclaabblaabalaabclaabblaaba
bccal|bccalbccalbccalbccalbcca
AA ZE ] 38 mG) | 37 mG) | 63 mG) | 62 mG) | (34 mG) | 44 mG)
T2 4-1 4-2 4-3 4-4 4-5 4-6
baab|baac|babc|babalbacalbach
iRl [acbclacbblacbalacbclacbblachba
bccal|bccalbccalbccalbccalbcca

bab | bac bbec bba bca bch
acc ach aca acc ach aca
acb|]lach ach ach ach ach
bcal| bca bca bca bca bca
A B (40 mG) | (38 mG) | 43 mG) | 48 mG) | 6 mG) | (36 mG)

A ZE | 60 mG) | 43 mG) | (64 mG) | 68 mG) | (37 mG) | (32 mG)
T & 5-1 5-2 5-3 5-4 5-5 5-6
caab|caac|fcabc|cabalcacalcach
MHlXl labbclabbblabbalabbclabbblabba
bccal|bccalbccalbccalbccalbcca

HA
T8 5-1 5-2 5-3 5-4 5-5 5-6

(34 mG) | (36 mG) | (23 mG) | 37 mG) | (36 mG) | (34 mG)

cab cac chbec chba cca cch
abc| abb aba abc abb aba
acb|lach ach ach ach ach
bcal| bca bca bca bca bca
A % (40 mG) | 44 mG) | 37 mG) | 6 m@) | (53 mG) | (48 mG)
T8 6-1 6-2 6-3 6-4 6-5 6-6
cab cac chbec cba cca cch
bac | bab baa bac bab baa
acb|]lach ach ach ach ach
bca| bca bca bca bca bca

A % (9 mG) | 38 mG) | (40 mG) | (32 mG) | 48 mG) | (51 mG)

TAQ QArS 0°, 120° H 240°0|H, AR TASHES 1H
sto] AzZo] mdZols 3m, T 0.35mE 71E0E AHIA]
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= =[w

3 2= 354 A= (Case 2014 AHix] Hsjo] W2 A9
AHATE UERR Aotk FAZ AA7) ehEk= Az
e 2-3, 3-2, 6-19] A9 Zon, o u A g 1TmGE
Hch

I
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s
T8 6-1 6-2 6-3 6-4 6-5 6-6
cbabfcbac|cbbc|cbbalcbcalcbceb
MHix] |aabclaabblaabalaabclaabblaaba
bccalbccalbccalbccalbccalbcca
A ZE | (35 mG) | 4 mG) | 49 mG) | 42 mG) | (37 mG) | (43 mG)
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