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Analysis of Sheath Circulating Current
on Multi-underground Transmission Cables using EMTP

MR eEFE -ETEF LA -FTEHET -2 ET
(CW. Ha-JN. Kim-SXK. Lee - DW. Kim - J.B. Lee - JW. Kang)

Abstract - The use of underground transmission cables has continuously increased in densely inhabited urban and
suburban area. Due to a increasing demand of underground cables, two or more circuits are installed in parallel for
several kilometers. It, however, has not been realized that the sheath circulating current is generated in the system

where a large number of cables are laid in the same route.

In this paper, sheath circulating current is analyzed by the EMTP and compared with the measured values. Unbalance
arrangement of cables or cross-bonding length causes a significant effect on the magnitude of the sheath current.
Sheath circulating current could be greatly reduced by the symmetrical configuration of cables and installation of the
impedance reduction system. Especially, with the impedance system of 1Q installed, the sheath circulating current is

reduced by 85.7%.

Key Words : Sheath circulating current, Cross-bonded section, EMTP, impedance reduction system.
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Fig. 1 Cross bonding method
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Table 1 Length and grounding method of underground cable
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Fig. 2 Unbalance of cable arrangement and distance
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Table 2 Comparison between measured and calculated
values
PNESES FSE T
EEPES]
A B c oxg
dag || 8% | As | as ] oAas | ous | oAas | W
1 175 179.27 173 181.76 148 141.16 117
A EB-G
2 170 17347 132 157.87 107 164.43 17.0
B 1 1758 173.69 175.9 186.73 150.3 140.88 0.13
JB #1
2 169 173.6 1282 172.9 105.7 164.41 213
/B #2 1 1539 141.04 182.2 178.63 178.7 182.17 28
JIB #
2 | 1067 | 16452 | 173 179 | 1321 | 1537 | 2669
B 43 1 3089 314.77 266.5 22031 3273 3247 463
JiB
2 228 247 45 1994 249.8 1714 265.34 239
1 1096 118.86 9 929 874 143.21 204
JiB #4
2 98.1 82.20 8 95.4 90.3 85.87 24
/B #5 1 1146 139.05 % 118.99 94.4 93.08 34
JiB #
2] 1021 | 8114 86 8238 | 943 | 9593 75
- 1| 218 | 19076 | 203 | 30655 | 204 | 25645 | 133
J/B #
2 216 20241 217 151.03 241 189.22 203
1 130 96.12 161 198.05 176 184.71 3
J/B #7
2 151 120.12 133 1337 12 107.75 98
1 172 197.76 221 184.43 183 95.52 15.2
JiB #9
2 140 133.59 157 107.67 135 120.01 16.8
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Table 3 Cases depending on each line for the various
length rate of the cable

EE A7 A2l
B | CASE | — - o gl ey

D-A 50 650 350
D-8 150 550 350
0-C 250 450 350 OO0 OO

1 0-D 350 350 350
D-£ 450 250 350 @O O O
D-F 550 150 50
D-G 650 50 350 @s@icO O
D-A 50 650 350 S —
0-8 150 550 350 ;
D-C 250 450 350 OO0 OO0

2 0-D 350 350 350
D-€ 450 250 350 @O O @2
O-F 550 150 350
0-G 650 50 350 @@ c@cers
D-A 50 650 350 2
D-8 150 550 350
D-C 250 450 350 ©ano33p0O O

3 D-D 350 350 350
D-E 450 250 350 @AD3CO @2
D-F 550 150 350
0-G 650 50 350 @ B@ic@c@zs
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Table 4 Calculated results depending on the single circuit
for the various length rate of the cable

[A]
HE | # #2 #3 #4
il T gfl ab [bc |[ca a-b | bc |c-a %iﬁ
D-A 1 1799 | 1945 | 1857 | 2203 | 2347 | 201.1 | 190.1 | 1.771
D-B 1 2033 | 1259 | t242 | 151.8 | 1564 | 131.7 | 127.8 | 2.005
D-C 1 2179 | 58.94 | 61.70 | 7472 | 7862 | 64.56 | 64.80 | 2.144
1 D-D 1 2228 | 435 | 3576 | 2468 | 3.89 | 2.982 | 3.681 | 2.197
D-E 1 2.178 | 65.33 | 69.52 | 77.90 | 75.71 | 62.88 | 67.92 | 2.148
D-F 1 2022 | 1248 | 1383 | 1538 | 1524 | 123.3 | 137.0 | 1.994
D-G 1 1.765 | 1822 | 2095 | 2295 | 229.0 | 181.2 | 209.2 | 1.733

43 23 M MBolMe AlA &SR

H 5olA B5o] 2314 HNE EI 134 Az e} vkt
MR 2 AY vle BEHY go] F/EUA A& 3R/
27 BF F7HEE ¢ $#7F Aok zela A dld whet
1314 grt o 5~10%9 €#HF 277t eSS
o 4 Qo

ctel M X S&T Aol 2olA el EMTPE 0|88t Al =EFF

Ao
it

Trans. KIEE. Vol. 51A, No. 10, OCT. 2002

= 5 AHe| v|o| wate] wE 23| M=zo| A& ZHB
Table 5 Calculated results depending on the twin circuit for
the various length rate of the cable

[A]
o & #1 #2 #3 #4
&M | CASE 2 aEX
TIL ’Sfl ab | bc | ca}ab|bc|cal” fl =
1 195.5 | 167.9 { 238.0 | 2464 | 200.3 | 2037
D-A 5.139 5.11
2 192.6 | 200.1 | 240.8 | 246.2 | 200.3 | 203.7
1 126.3 | 1130 | 1569 | 161.4 | 1320 [ 1162
D-B 6.079 6.049
2 1240 | 1359 | 157.7 | 161.4 | 1306 | 139.0
1 6057 | 55.57 | 81.13 | 81.13 | 65.12 | 58.14
D-C 6.648 6.614
2 50.09 | 69.31 | 75.83 | 79.87 | 64.43 | 71.84
1 4248 | 5.986 | 1.481 | 3.038 | 4.152 | 5.471
2 D-D 6.844 6.790
2 3.026 | 4.485 | 5453 | 3.727 | 6.080 | 2.630
1 62.16 | 68.07 | 7864 | 7661 | 59.46 | 66.03
D-E 6.655 6.613
2 62.16 | 72.22 | 85.46 | 83.14 | 59.75 | 70.66
1 1189 | 1343 | 1550 | 1538 | 1175 | 1335
D-F 6.08 6.031
2 1188 | 147.3 | 1656 | 164.1 | 1174 | 1464
1 1735 | 203.7 | 231.0 | 2305 | 1729 | 2035
D-G 5.086 5.049
2 1733 | 2255 | 2458 | 245.3 | 1727 | 2254
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Table 6 Calculated results depending on the triple circuit
for the various length rate of the cable

[A]

W& #1 #2 #3 #4

St | CASE T Zfl ab | bc|cal]ab| bc|ca éia
1 2121 {1924 | 2304 | 2355 | 2204 | 194.7

D-A 2 7.809 | 211.8 | 188.0 | 228.1 | 234.0 | 219.4 | 189.7 | 7.035
3 182.6 | 1550 | 286.8 | 290.6 | 189.8 | 1628
1 1422 | 141.0 | 1385 | 1429 | 1496 | 1425

D-B 2 9085 | 1504 | 132.2 | 138.8 | 144.7 | 1568 | 1325 | 8.271
3 9554 | 1074 | 213.7 | 217.0 | 100.4 | 115.0
1 1422 | 1410 | 1380 § 1429 | 1496 | 1425

D-C 2 9.880 | 1504 | 1322 | 1388 ] 1447 | 156.8 | 132.5 | 9.040
3 9554 | 1074 | 2137 } 217.0 | 1004 | 1150
1 2841 | 3251 | 3367 § 30.81 | 3445 | 29.21

3 D-D 2 10.16 | 34.25 | 41.33 | 39.19 | 28.41 | 32.51 | 33.67 | 9.310
3 65.68 | 60.12 | 60.87 § 61.50 | 59.84 | 64.69
1 4569 | 52.72 | 1158 § 113.4 | 45.21 | 49.77

D-E 2 0884 | 2309 { 1196 | 1120} 45.70 | 52.72 | 1158 | 9.029
3 1264 { 97.43 | 348513083 | 1228 | 986
1 9429 | 121.7 | 196.7 | 195.3 | 93.36 | 120.7

D-F 2 9.014 | 7694 | 1467 | 186.6 | 94.33 | 121.7 | 196.7 | 8.166
3 181.8 [ 151.7 | 120.7 | 1169 | 1798 | 1519
1 9433 | 121.7 | 196.7 § 195.3 [ 9329 | 120.7

D-G 2 7500 | 76.94 | 1467 | 186.4 | 94.29 | 121.8 | 196.7 | 6.680
3 181.7 | 151.7 | 1185 ] 1169 | 179.8 | 151.9
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Table 7 Case depending on the each line for the various
phase arrangement of the cable
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H&1
mm“"”asoasossoasossoasoasoasoasoasomaso
Sleip
. |emw oo ocoooloooo
@0 0 0|0 00 O]@0 O 0o @ @d
@O O O] eneEerd| @uwerd O] ewo o o
e O 0|00 O0O0O[000O0lo00C O
2 @80 O O 0nemex0 | @10 O 6 Gu@rd @0

@@ O O @ue@x@x0 @A@a@es@/a @10 @zs@ec

OUOZeNO | @HPEENO | @ReEO O | RO Galend
8 @100209%0 | ©2080x0 | @10 G2 En@ED @1
@100208c0 | @@ @100 | @1A@1802080| @140 e

46 18 H HdRojAo AlA F3NF

13| d=e] 4 wid¥ CASES) W& A~ $8AF9
A%E ® 87 2t HolA BXo] CASE P-A~P-D9] 7
S Ao R 277t A weka 13149 A4S P-DY 3
fﬂ"—* AZx EE ?ZJ«I 2Tk A A7 v dol 75t

A FatPdE A2 £8AF Ao 2 4} AR
gee ¢+ Yok
i 8 & vidol Mate wE 15M MR AN A

Table 8 Calculated results depending on the single circuit
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Table 9 Calculated results depending on the double circuit
for the phase arrangement of the cable

[A]
g #1 #2 #3 #4
%M | CASE 28 283
T x| ab | bc | ca]abjbc]| ca 1
1 4.525 | 4702 | 1.695 ] 4756 | 3.340 | 3.405
P-A 6.512 6.224
2 4.525 | 4702 | 1.695 | 4.756 | 3.341 | 3.405
1 4.321 | 5802 | 1.677 | 5912 | 3326 | 3.135
P-B 8.136 6.111
2 2 4.328 | 5.785 | 1.689 | 5.896 | 3.338 | 3.136
1 4.248 | 5989 | 1.481 | 6.505 | 1.815 | 3.462
P-C 6.844 6.806
2 3.024 | 4506 | 5471 ] 6.505 | 6.093 | 2.642
1 73.71 | 6664 | 67.31 | 68.19 | 68.37 | 72.03
P-D 5.129 5073
2 64.81 | 71.34 | 69.67 | 69.21 | 70.30 | 65.87
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Table 10 Calculated results dependlng on the ftriple circuit
for the phase arrangement of the cable

for the phase arrangement of the cable [A]
| # w2 3 #
[A] 5M | casE EX} EEES
g Py 2 3 Py T x| ab | bc | cal]ab|bc]| ca 1
814 | CASE zs ] zexn i 6.885 | 1.207 | 5699 ] 0.966 | 7.243 | 5.81
T | x| @b |be |ca fab fbe fea [Th P-A | 2 | 7450|7766 | 12.85 | 6.908 | 1201 | 5580 | 8.678 | 3.892
P-A | 1 1395545124472 1554 | 4685 | 2.589 | 3.607 | 3.892 3 6.882 | 1213 | 5607 | 0.964 | 7.245 | 5.282
, [P | 1 300 aass 4501 | 615 4637 | 2653 [ 2730 [ 30 . ; o4 ;g 1.388 g-f O-ﬁ 3-;87 56932 ,
—| X 14.85 .907 | 15, 374 | 10. 894
} } 576 | 2.468 | 3.887 | 2.982 | 3683 | 2.1 : :
e o befwheimie) || | " P PR
I - : ' : : : : l 2841 | 3251 | 3367 | 3084 | 3451 | 27.04
P-C | 2 )1016| 3425 41.33 | 30.32 [ 3084 | 3451 | 2024 | 2.198
) N 3 6566 | 60.12 | 60.87 | 61.68 | 6001 | 8487
47 25| MZolAMo AlA SHNF 1 88.94 [ 81.76 | 8282 | 83.62 | 83.30 | 86.80
P-D | 2 | 7654|3269 | 39.37 | 3656 | 3684 | 38.31 | 3374 | 4234
. ~ . 3 4437 | 5001 | 4053 | 47.82 | 50.19 | 44.91
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Table 11 Sheath circulating current after modification

Rk AAHRBIHE| AlA S EER(%) Mol whe

H&g TIL k] N % SHHNFLLE(%)

1 34.7 0.02 944

A EB-G

2 285 0.04 872

1 34.7 0.02 94.4
JB #1

2 29.6 0.01 98.5
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Table 12 Sheath Circulating Current Depending on
Impedance Value
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Table 13 The protecting method about impedance
reduction system of sheath circulating current
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Fig. 4 Lightning current flowing in the impedance reduction
system of sheath circulating current
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Fig. 5 Comparison of lightening current depending on the
protecting method
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