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Fitting Formula of Sheath Current and the Arrangement Optimization of Cables
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Abstract: There will be circulating current in metal sheath of cross-bonding cables when the lengths or arrangements
of three segments are different. In pipe layout the phasor sum of the induced sheath voltages in sheath cross bonding
cables is firstly analyzed. Then the circulating current is calculated by EMTP with varied differences among three seg-
ment lengths to get the sample data, which are in turn used to fit out the empiric formula for evaluating the sheath cir-

culating current in practical engineering application. Finally the principle of mixed arrangement is proposed to reduce

sheath circulating current in sheath cross bonding cables when the lengths of cable segments are not equal.

Key words: high voltage cable; sheath current; empiric formula; arrangement

0 3I8

Wt 5 3 T A ) S R e s v O B 22 Y iz
PR m M, R G e B E R A
— D R SR U A I 4 B RN
FERL/NT 50 VR B 1, 6 37 RO
JEARERL 300 VI, FE A M 7 Xt |, 58X
B U 2 M 5 N R il ) (U T
FAFRBRE], LT IRMERAE = B &R B 4
AESCHAL, NI 42 i 3 P SR 2 R AR BRI B
T R 22 B AR B A0 Dol L A A A 4

FLAGF e

s HHE:2016-09-19; & BHHA:2016-11-25

HAr, @B ERRITE EZALT 3577
% (Did i EMTP 45 L %87 345 05 BRI H 3
O B RE O AR UE SR W S A RS A v, (B
EMTP 45 i 087 25 07 B AR P R S O i e, LRSS
RO s ORI B B A WAR A T T B A
POEEIRME R ROR, XA T ik AT RLZ 1 B T
Ko FHIF AL A BN B, @A B2 R
B h 2 R AR R R B 0 D7 YRS 0] 5 A 2 T e o
2 ) A2 P S BRI A9 THEE M T EMTP A A
A SR R SRR ERET, Ieoh, 4 il
J SR A 101 % D7 it [ R 22 R M S8 2o K, %k T AR L 4
B TG R R . @ Bt il T A
BT AR, — BRI il T 22 35 WA Fis B 40 5 36

E&TH :[EH %8635 H (201 1AA05A106); - i £ (4 5E I T I TR BB 5 .0 (13DZ2251900)
Project Supported by National 863 Program(2011AA05A106),Shanghai Engineering Research Center of Green Energy Grid-con-

nected Technology (13DZ2251900).



. 78 - 20174 1 H

Eudx

¥53% H1M

Wi, AN =B B R E 2 A 100 m, &R E
HR R 2R T AT Y 109%™, X Fh 7
LI BRI R R A B P R, RN A
i EEAE S BT HL B 20 Be AR
EA BN SRR F B ¥ A & i B 3
TGN, T EMTP 2505 AR &R & 30
TR IR AT RN, SO A R A D
FARAE EMTP 05 JEUE SR T 4400 &k 4 i 4
HEE B T @R B3R AL A5, DU 853 it
BT VA BRI KD o A, i 3 A A TR HE
Jr AP AR, BRI TSR Bl i,

R A RS 7 ACRE S PR ARG B 1P S 00
1 &EBPERNBESH

HEHESEENERNBE

38T PRk B 22 ) SR R HE A L T HE A X
DL 3x7 Fl 2x10 FiAk e 2, — st 2ok 110 kv
KU b 25 9% e P W 4 0 A B AR HEAE R ANE AR T
B T HE R O B, 2 S B IR HES
P, 110 KV RLE %5 9% s T B 48 e HEAE v i HES O
AR R HES 75 = % B HE 5 Oy =R B A =
FIEHES Iy 0 WK 1,

1.1

fO®OO000|IFOOOOOVOOO|ZFOOOO0O0O
HOOOOOOO|H®OOOOOO|ZH®EO OO OO0
M0000000/M0000000/™M0000000
230 230 230 230 230 230 230 230 230 230 230 230 230 230 230 230 230 230
AKPHEZ TR AL mm LEAES T AL mm HAZMEMHES 730 BA7: mm

B1 mBgHsAX

Fig. 1 Cable arrangements
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Table 1 Induced voltage in metal sheath of single section
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Fig. 2 Induced voltage profile of threee qual length

segments in equilateral triangle arrangement
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Fig. 3 Induced voltage profile of three unequal length

segments in equilateral triangle arrangement
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Fig. 4 The curve between I, and AL under

vertical arrangement
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Table 2 Comparison between EMTP simulation and formula calculation under vertical arrangement

3B FLAEL LU 698.1 A BN 349.2 A LAY 174.6 A
40 i3 B 4 B PR 432 B 4 B R A I 453 J& 47 PR

KIE  EMTP; 2303 4axfi MR EMTPH ARG xR AR EMTPH ARGt et His
Zmo o HA{H/A BAHA 2/A 2%  EAH/A O FAE/A Z/A 2%  EH/A  BEH/A ZE/A 2%

0 4.900 5.49 0.59 12.00 3.339 2.75 0.59 17.80 2.534 1.37 1.16 45.90
20 16.140 1741 1.27 7.90 8.854 8.75 0.15 1.68 5.223 4.35 0.87 16.70
30 24.150  23.37 0.78 3.20 12940  11.69 1.25 9.70 7.332 5.85 1.48 20.20
40 28.210  29.33 1.12 4.00 14.860  14.67 0.19 1.30 8.189 7.34 0.85 10.40
50 35.690  35.29 0.40 1.12 18.680  17.65 1.03 5.50 10.170 8.82 1.35 13.30
60 43.820  41.25 2.57 5.90 22.800  20.63 2.17 9.50 12280  10.32 1.96 15.96
70 47.600  47.21 0.39 0.80 24.620  23.60 1.02 4.10 13.120  11.80 1.32 10.06
80 52.550  53.17 0.62 1.18 27.020  26.59 0.43 1.60 14.260  13.30 0.96 6.70
90 58.350  59.13 0.78 1.30 29.850  29.57 0.28 0.90 15.600  14.79 0.81 5.20
100 64.740  65.09 0.35 0.54 32980  32.55 0.43 1.30 17.110  16.28 0.83 4.85
110 70.480  71.05 0.57 0.80 35950  35.53 0.42 1.20 18.680  17.77 0.91 4.87
120 76.710  77.01 0.30 0.30 39.010  38.51 0.50 1.30 20.160  19.26 0.90 4.46
130 82.590 8297 0.38 0.40 42.020  41.49 0.53 1.30 21.730  20.75 0.98 4.50
140 88.690  88.93 0.24 0.27 45.020  44.47 0.55 1.20 23.190 2224 0.95 4.10
150 95.100  94.89 0.21 0.22 48.190  47.45 0.74 1.50 24720 2373 0.99 4.00
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Table 3 Comparison between EMTP simulation and formula calculation under right triangle arrangement

=B R LI 698.1 A AL EB Y 3492 A RS 174.6 A
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KE  EMTPO; 2303t 4ixbi HxHR EMTPH A3 xR AR EMTPH ARG 4R MR
ZEm BN BEE/A 0 2E/A %1%  HEAH/A  FAE/A /A 2%  FEAH/A  BAE/A 2/A 221%

0 3.266 3.60 0.33 10.20 2471 1.800 0.67 27.20 2.08 0.90 1.18 56.60
20 13.580  14.65 1.07 7.80 7.556 7.325 0.23 3.10 4.56 3.66 0.90 19.70
30 21.180  20.17 1.01 4.80 11.450  10.090 1.37 11.90 6.58 5.04 1.54 23.40
40 24.600  25.70 1.10 4.50 13.040  12.850 0.19 1.40 7.27 6.43 0.84 11.60
50 31.460  31.20 0.26 0.80 16.570  15.600 0.97 5.90 9.12 7.80 1.32 14.50
60 39320  36.75 2.57 6.50 20.540  18.380 2.17 10.50 11.15 9.19 1.96 17.60
70 42.170 4278 0.61 1.40 21.900  21.390 0.51 2.30 11.77 10.70 1.07 9.00
80 46.720  47.80 1.08 2.30 24.100  23.900 0.20 0.80 12.80 11.95 0.85 6.60
90 52.530 5333 0.80 1.50 26.930  26.670 0.26 0.90 14.13 13.34 0.79 5.60
100 59.200  58.85 0.35 0.20 30.190  29.430 0.76 2.50 15.69 14.72 0.97 6.20
110 63.550  64.38 0.83 1.30 32480  32.190 0.29 0.89 16.94 16.10 0.84 5.00
120 70.020  69.90 0.12 0.17 35.650  34.950 0.70 1.96 18.46 17.48 0.98 5.30
130 74.550 7543 0.88 1.18 37.990  37.720 0.77 0.71 19.72 18.86 1.14 4.36
140 80.870  80.95 0.08 0.09 41.100  40.480 0.62 1.50 21.21 20.24 0.97 4.57
150 87.670  86.48 1.19 1.36 44.450  43.240 1.21 2.70 22.84 21.62 1.22 5.34
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Table 4 Influence of different arrangements on circulating current when three segments are not equal
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