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Abstract

Power system fault analysis is commonly based on well-known symmetrical component method,
which describes power system elements by positive, negative and zero sequence impedance. The
majority of fault in transmission lines is unbalanced fault, such as line-to—ground faults, so that both
positive and zero sequence impedance is required for fault analysis. When unbalanced fault occurs, zero
sequence current flows through earth and groundwires in overhead transmission systems and through
cable sheaths and earth in underground transmission systems. Since zero sequence current distribution
between cable sheath and earth is dependent on both sheath bondings and grounding configurations,
care must be taken to calculate zero sequence impedance of underground cable transmission lines. In
this paper, EMTP-based sequence impedance calculation method was described and applied to 345kV
cable transmission systems. Calculation results showed that detailed circuit analysis is desirable to
avoid possible errors of sequence impedance calculation resulted from various configuration of cable

sheath bonding and grounding in underground cable transmission systems.
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Fig. 1. Cross-bondings of cable sheaths
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' 1. MEXS AlAAD
Table 1. Calculation results of the line constants

A A9A= 21
34 SH% EEEE:
71 (Q) | 917 () | R1 (Q) | X1 (Q)
1 1.837 83.1 0.2202 1.8235
2 1.837 83.1 0.2202 1.8235
3 1.870 83.1 0.2238 1.8568
4 1.848 83.2 0.2190 1.8354
9G¥ A9~ (20
34 SHE EEEE:
70 (Q) | 917 (°) | RO (Q) | X0 (Q)
1 1.278 54.0 0.7510 1.0343
2 1.278 54.0 0.7510 1.0343
3 1.278 53.2 0.7653 1.0236
4 1.281 54.4 0.7451 1.0415
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Table 2. Measurement results of the line
constants
44 o€ 2 (21)
3] =% RARAE: E:3
Z1(Q) | 173 C) | RI(Q) X1(Q)
1 2.120 79.4 0.3910 | 2.0840
2 2.125 79.4 0.3910 | 2.0890
3 2.146 79.4 0.3940 | 2.1100
4 2.123 79.1 0.4000 | 2.0850
B d9d=(20)
3] =EIE RARAE: E:3
Z20(Q) | 1) | RO(Q) X0(R)
1 1.828 65.7 0.7530 1.6660
2 1.958 63.9 0.8260 1.7580
3 1.956 65.3 0.8170 1.7770
4 1.666 63.1 0.7530 1.4860
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Table 3. Line constants comparison with the
existing values and measurements(%)
7 d9dx=(Z1)
s =3 272 %
7Z1(Q) 173°) R1(Q) X1(Q)
1 87% 105% 56% 88%
2 86% 105% 56% 87%
3 87% 105% 57% 88%
4 87% 105% 55% 88%
Fd FIE=(20)
8 FH% SRS
Z20(Q) | 917 | RO(Q) X0(Q)
1 70% 82% 100% 62%
2 65% 85% 91% 59%
3 65% 81% 94% 58%
4 7% 86% 99% 70%
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Fig. 4. Line constants measurement model
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Table 4. Line constants calculation results using
EMTP
A4 I =(Z1)
54 SE R A7t 3 E
71(Q) A73) R1(Q) X1(Q)
1 2.201 84.0 0.2301 2.1839
(104%) | (106%) (59%) (105%)
2.201 84.1 0.2262 2.1893
2

(104%) | (106%) (58%) (105%)
3 2.203 84.1 0.2265 2.1913
(103%) | (106%) (57%) (104%)
4 2.194 83.9 0.2331 2.1816
(103%) | (106%) (58%) (105%)
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R SE SRIEE::
Z0(Q) 217) RO(Q) X0(Q)
1 1.926 67.1 0.7495 1.7742
(105%) | (102%) | (100%) | (106%)
5 2.051 68.0 0.7683 1.9017
(105%) | (106%) (93%) (108%)
3 2.053 68.2 0.7624 1.9062
(105%) | (104%) (93%) (107%)
4 1.786 65.5 0.7406 1.6252
(107%) | (104%) (98%) (109%)
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