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Research on distance protection of long-distance power cables
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Abstract: Large-scale offshore wind farms are one key tendency of wind power generation development. Submarine
cables, as an important link between offshore wind farms and grids, are with much higher distributed capacitance than
overhead lines, and thus will generate a non-negligible capacitance current. In case of the long-distance high voltage
transmission, this may lead to the refusal-operation of relays in the distance protection area. The reliability of distance
protection operation criterion depends on the accuracy of measurement impedance. Therefore, in this paper, combined
with the actual physical structure of cables, the calculation of relevant electrical parameters is studied, and the accuracy of
the corresponding formulas are demonstrated. According to the consequent calculation results, a distributed parameter
model is established for cable lines, and the influence of distributed capacitance on the measured impedance at the
protection installation is analyzed. It is proved that the measured impedance of long distance cable lines is a function of
hyperbolic tangent to the fault distance. On the basis of the traditional capacitive current semi-compensation scheme, an
improved scheme is proposed. A cable model for fault simulation is carried out through PSCAD. The simulation results
show that the improved scheme can effectively compensate the line capacitive current, reduce the portential

refusal-operations in the distance protection area and the misoperation outside the area, with a better anti-transition
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resistance ability at the same time, which will assist in distance protection performance.

Key words: high-voltage power cable; distance protection; distributed capacitance; capacitance current compensation
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Figure 1 Cross section of a single-core cable
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Figure 2 Cable equivalent capacitance distribution

HE 2SR SRR RFTIRAN

L.=jB(V.—V,) (17)
I.+1.=iB.V, (18)

fSiNRE
I.=]B.V.— BV, (19)
I,=—jB.V.+j(B.+ B.)V, (20)

BT 4 6 i e b, V' = 0, 5 AH B9 ) M L 44 (A

¥Ih B, H =¥ A AR AR PR A .
B.=2=fC, (21)
_ 2TEE s (22)

C(‘S
rlS
In
rOC

AP, e,=28.854188 X 10 e W B IZ S5PER
2 I8 4 2% 2 5 AH X A L AR
1.3 HEFEWIE

X220 KV B 45 YILQO2 #4780, %



piiiad

#5538 54 3 1)

B, 45 A R R ) L SR BE RS DRAPT 5 169

HLBS LR B B S R S IR 1 TR

K1 EHEY RS

Table 1 Single-—core cable original parameters
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Figure 3 Cable equidistant laying schematic
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Table 2 Comparison between theoretical calculation and

simulation results of single-core cable electrical parameters
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Figure 5 Relationship between cable resistance

and line length
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Figure 8 Distance protection action characteristics diagram
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Figure 9 Logic block diagram of improved

compensation scheme
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Figure 10 Diagram of distance protection action

characteristics in two schemes
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Table 3 Protective action characteristics under different

transition resistances conditions
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Figure 11 Distance protection action characteristics when

the transition resistance is 10 Q
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