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An Improvement of Digital Distance Relaying Algorithm
on Underground Transmission Cables

O30 I
(Che-Wung Ha * Jong-Beom Lee)

Abstract - This paper describes the improvement method of distance relaying algorithm for the underground
transmission cables. Distance relaying algorithms have been mainly developing to protect the overhead transmission lines
than the underground cables. If the cable systems are directly protected using distance relaying algorithm developed
for overhead line without any improvement, there will be really occurred many misoperation in cable systems,
because the cable systems consist of the conductor, the sheath, several grounding method, cable cover protection
units(CCPUs), and grounding wire. Accordingly, the complicated phenomena are occurred, if there is a fault in cable
systems. Therefore, to develope a correct distance relaying algorithm, such cable characteristics should be taken into
account. This paper presents the process to improve distance relaying algorithm which is now used. Real cable
system was selected to establish modeling in EMTP and ATP Draw. It was discovered through the detailed
simulation during the fault that the large error existed between impedance measured at the relay point and real
impedance is due to the resistance of grounding wire in each grounding method. And also compensation factor
obtained by the simulation is proposed in this paper. It is proved that the factor proposed can fairly improve the
accuracy of impedance at the relay point. It is evaluated that the protective ability will be really much improved, if

the algorithm proposed in this paper is applied for cable systems of utility.

Key Words : Distance relaying algorithm, Underground cable system modeling, Compensation factor, CCPU
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Fig. 1. Equivalent circuit of a three-phase cable
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Fig. 2. Cable system diagram
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Table 1. Source impedances

Source SJIE{ElA RIK) X[&]
XA 5.0854 36.6489
of A 10.9642 83.2814
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Table 2. Symmetrical components of cable impedances

s R[L/km] X[ L /km]
Ha o o4
TH gtef
ol Ab oI EA 0.18966 2.11370
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od )g. %J ﬂl r'd A 020633 203132
THef AlAZEe
AS QEEA 017775 2.03132
A T A 0.04045 0.08277
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Table 3. Grounding method of the underground
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Table 4. Impedance at the relay point
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(km] | (] ‘
R X R X R X R X R X R X
5 11055 | 0.9121 1.0912 | 07365 | 1.0916 | 0.7262 | 0.0139 | 0.1859 2.80 5.86
1.2 0.0143 | 0.1756
10 1.3765 | 1.0786 | 1.3622 | 09030 | 1.3618 | 0.8994 | 0.0147 | 0.1792 279 2.05
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5 0.0586 | 0.7317
10 14176 | 15977 | 1.3580 | 0.8660 | 1.3618 | 0.8994 | 0.0558 | 0.6983 6.38 456
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