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Optimal Layout of the 220 kV Quadri-circuit Cables with
Double-split Conductors in Each Phase
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(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,Chongqing University,
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Abstract: To optimize the layout of the 220 kV quadri-circuit cables with double-split conductors in each
phase, an equivalent circuit model of the cables based on the structure of single core XLPE cable is
established to calculate the circuit parameters, such as the circulating current in sheaths and the
nonuniformity coefficient of current distribution for triangle and horizontal cross layouts. Subsequently, an
optimal triangle-horizontal cross layout of cables are put forward and compared with the above two layouts.
The results show that: (Mfor the triangle layout, the nonuniformity coefficient of current distribution in same
phase is large, while the circulating current in sheaths is small; @for the horizontal cross layout, the
nonuniformity coefficient of current distribution in same phase is small, while the circulating current in
sheaths is high; and ®for the triangle-horizontal cross layout, both of the nonuniformity coefficient and the
circulating current are small. Particularly, when the arrangement of the cables is in the sequence BCAABC,
the nonuniformity coefficient can get to its maximum 1.041 O and the minimum 1.010 3, and the
circulating current get to the maximum 61.89 A and the minimum 9.14 A.
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Fig. 1 The cross-connection grounding of single-circuit

with double-split conductors each phase
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Fig. 2 The equivalent circuit model for circulating current
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Fig. 3 The layout of the parallel quadri-circuit cables with double-split conductors each phase
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Table 1 The corecurrentand currentdistributioninsame phase for quadri-circuit cables withdouble-split conductors each phase

P B MF 1A P M I/A P HF IJA P HF IJA £
1 2079 2075 205 2 205 0
1-4 A 10568 A 10607 B 10838 B 1.0859
4 2197 2201 222 4 222 6
2 2193 2191 2150 2211
2-5 B 10523 C 10508 C 10113 A 1.070 7
5 2 084 2 085 2126 206 5
3 2193 2 196 2215 219 6
3-6 C 10518 B 10558 A 10747 C 1.055 8
6 2 085 2 080 206 1 208 0
7 2 043 2 042 202 0 201 1
7-10 A 10930 A 10940 A 1.1683 A 1.126 3
10 2233 2234 2256 226 5
8 2152 2142 219 4 220 2
8-11 B 1.0122 ¢ 10037 B 10538 B 1.061 7
11 2126 2134 208 2 207 4
9 2162 2171 2185 216 6
9-12 C 10217 B 1.0314 C 10450 C 1.026 5
12 2116 2 105 209 1 211 0

&2 MEIRLEE 2 RIFEKEPERR

Table 2 The circulating current in sheaths for quadri-circuit cables with double-split conductors each phase

Fe5 O MF A MF A MF A MF A ||FS OMFE A O MIF A HF A FIF A
1 A 5387 A 5804 B 368 B 2735| 13 A 5804 A 5387 B 969 B 4944
2 B 5387 C 5804 C 3682 A 2735/ 14 B 5804 C 5387 C 969 A 4944
3 C 5387 B 5804 A 3682 C 2735 15 C 5804 B 5387 A 969 C 4944
4 A 9448 A 9154 A 2704 A 5871 16 A 9154 A 9448 A 4858 A 14.82
5 B 9448 C 9154 B 2714 B 5871 17 B 9154 C 9448 B 4858 B 14.82
6 C 9448 B 9154 C 2714 C 5871 18 C 9154 B 9448 C 4858 C 14.82
7 A 9199 A 9437 B 4412 B 3151|| 19 A 9633 A 9199 B 6794 B 7762
8 B 9199 C 9437 C 4412 A 3151120 B 9633 C 9199 C 6794 A 7762
9 C 9199 B 9437 A 4412 C 31.51|] 21 C 9633 B 9199 A 6794 C 77.62
10 A 5511 A 6096 A 5326 A 1862|| 22 A 609 A 5510 A 5547 A 8552
11 B 5511 C 6096 B 5326 B 18.62|| 23 B 6096 C 5510 B 5547 B 8552
12 C 5511 B 609 C 5326 C 1862|| 24 C 609 B 5510 C 5547 C 8552
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Table 3 The core currentand currentdistributioninsame phase for quadri-circuit cables with double-split conductors each phase

B FE MF A & MY 1A & AP LA & MF LA £
1-4 31 A ;(z)é f 10747 A ;(2)(7) 3 10631 B ;ii g 1.0019 B ;ii ; 1.004 7
2-5 § B ;B 2 10113 ¢ ;B i 10132 ¢ ;E Z 1.0094 A ;12 2 1.007 5

3 217 1 217 6 216 8 210 4
3-6 p € ggs 10363 B 100 10362 A D o 10284 C 517, 10323
7-10 170 A ;g? ; 10747 A 2(2)(7) 2 1.0657 A ;ﬁ 3 1.0085 A 2(2); Z 1.077 7
8-11 181 B ;E g 10113 ¢ ;E ; 10132 B ;ﬁ 3 1.0085 B ;ﬁ Z 1.009 4
9-12 192 C ;1(7) ? 1.0314 B ;1(7) 2 10362 C ;?3 Z 10381 C ;ii ? 1.012 2

&4 MEIELEE 2 RIFEKEPERR

Table 4 The circulating current in sheaths for quadri-circuit cables with double-split conductors each phase

Fe MF A MEFE A O MEFE A MFE A (|5 MFE A MFE A O HEFE A HEFE A
1 A 16540 A 8504 B 6126 B 10799 13 A 8504 A 17967 A 7350 A 13637
2 B 16540 C 8504 C 6126 A 107.99|| 14 B 8504 C 17967 B 7350 B 13637
3 C 16540 B 8504 A 6126 C 10799|| 15 C 8504 B 17967 C 7350 C 136.37
4 A 898 A 5916 B 5932 B 10741|| 16 A 59.16 A 8989 A 13153 A 13558
5 B 898 C 5916 C 5932 A 10741 17 B 5916 C 8989 B 13153 B 13558
6 C 898 B 5916 A 5932 C 10741]| 18 C 59.16 B 8989 C 13153 C 13558
7 A 8989 A 5916 A 14730 A 8320 19 A 5916 A 89.89 A 7744 A 13691
8 B 8989 C 5916 B 14730 B 8320(l 20 B 5916 C 89.89 B 7744 B 13691
9 C 898 B 5916 C 14730 C 8320 21 C 5916 B 8989 C 7744 C 13691
10 A 17550 A 8504 A 11912 A 10543|| 22 A 8504 A 16540 A 1865 A 120.12
11 B 17550 C 8504 B 11912 B 10543|| 23 B 8504 C 16540 B 1865 B 120.12
12 C 17550 B 8504 C 11912 C 10543|| 24 C 8504 B 16540 C 1865 C 120.12
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2) 4 [FAH TR 2 AR HL 480 2 L i BOCH H A K2k
TR 2 A%, B 2x2 138 A B, HE 25 3 FEAH 7
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136.91 A, 5K 3(a) 458k 7= 1 MLk, FEIL K

x5
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23 RUERIBSEEIZHN
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AN TP ERF ORI A, TEIGEER B B E R T
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PR E A, 1S 2 SHESEEEE R 0.2 m,
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Table 5 The core current and current distribution in same phase for

quadri-circuit cables with double-split conductors each phase

X B MF A P T IJA P T IJA P biilig IJA P
1 207 9 221 1 2127 212 6
1-4 A 1.056 8 A 1.0707 B 10103 B 1.011 3
4 2197 206 5 2149 2150
2 216 3 2159 216 3 2128
2-5 B 10237 C 10198 C 10236 A 1.009 3
5 2113 2117 2113 214 8
3 2175 218 7 2180 209 1
3-6 C 10352 B 1.0469 A 1.040 1 C 1.0450
6 210 1 208 9 209 6 2185
7 2218 206 0 209 5 220 6
7-10 A 1.0777 A 10757 A 10410 A 1.065 7
10 205 8 221 6 218 1 207 0
8 2109 2115 2117 211 3
8-11 B 1.0275 C 10217 B 1.0198 B 1.023 7
11 216 7 216 1 2159 216 3
9 209 9 210 2 212 3 2117
9-12 C 1.037 1 B 1.0342 C 1.014 1 C 1.019 8
12 2177 217 4 2153 2159
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Table 6 The circulating current in sheaths for quadri-circuit cables with double-split conductors each phase
e Ml A MY A ME S A RIY A | FS MFE UA MF A RIF S A M 1A

1 A 5375 A 5539 B 3813 B 2670 13 A 6132 A 5602 B 9.14 B 51.16
2 B 5375 C 5539 C 38.13 A 26.70|| 14 B 6132 C 5602 C 9.14 A 51.16
3 C 5375 B 5539 A 38.13 C 26.70|| 15 C 6132 B 5602 A 9.14 C 5l1.16
4 A 9180 A 91.08 A 2421 A 6061 16 A 8783 A 9256 A 4928 A 1271
5 B 9180 C 91.08 B 2421 B 60.61] 17 B 8783 C 9256 B 4928 B 12.71
6 C 9180 B 91.08 C 2421 C 60.61]| 18 C 8783 B 9256 C 4928 C 1271
7 A 9079 A 90.13 B 4319 B 30.77|| 19 A 9341 A 9029 B 6189 B 7410
8 B 90.79 C 9013 C 4319 A 30.77|| 20 B 9341 C 9029 C 61.89 A 7410
9 C 9.79 B 90.13 A 4319 C 30.77}| 21 C 9341 B 9029 A 61.89 C 74.10
10 A 5262 A 6406 A 5253 A 1857 22 A 638 A 5760 A 5698 A 8396
11 B 5262 C 6406 B 5253 B 1857 23 B 638 C 5760 B 5698 B 83.96
12 C 5262 B 6406 C 5253 C 18.57] 24 C 638 B 5760 C 5698 C 8396

s LA, A, FURIT YA 5] R B BRI 1.041 0,
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T 30.36.150 118 A, FHHF Bk Ir= 2. M 4544
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