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Improvement of the Protection Algorithm Based on Voltage Difference Method
for Detecting Arcing Faults within 22.9kV Shunt Capacitor Banks

FOOE # - g CE R BT R T
(Jung-Uk Lim - Young-Jin Kwon Sang-Hee Kang * Yoo-Kyoung Yuk)

Abstract — This paper presents a refined protection algorithm of the unfused 22.9kV shunt capacitor banks in grounded
wye connection to improve the existing algorithm using the voltage difference method. It is difficult to detect ground
faults with arc near the input points or ground faults near the grounding point by the exXisting algorithm using only the
voltage balanced relay. This paper shows that ground faults with arc near the input point can be detected by
harmonics analysis of the differential voltage and that it has no impact of harmonics out of nonlinear loads which have
the quantitative influence on capacitor banks. Thus the proposed method using harmonics analysis can be a proper
detection method. In case of ground faults near the grounding point, an OVGR is being added recently and its validity
is verified in this paper. The proposed method is applied to a 22.9kV example system and is verified that the proposed
algorithm can detect clearly faults which are not easy to detect by the existing method.

Key Words : Protection Algorithm, Shunt Capacitor Bank, Ground Wye Connection, Unfused, Voltage Difference
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Fig, 1 Capacitor Bank Connections
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Fig. 2 Four Designs of Grounded Wye-connected Banks
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Table 1 Characteristics of Shunt Capacitor Bank Designs
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Fig. 3 Protection Scheme of Shunt Capacitor Banks
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Table 2 Relay Functions for the Protection of Shunt
Capacitor Banks
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Table 3 Review of Relay Performances
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Fig. 4 Flow Chart of the Refined Voltage Difference
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Fig. 11 The Differential Voltage in a Arcing Fault
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Table 4 Proportion of Harmonic Components to the

Fundamental Component in a Arcing Fault
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j?::i ;g;g 7];17{:} 7185|329 |52 | 729 | 9%

2kV | 1kQ | 23.7V | 100% |18.7%6|1.96% |1.22% | 0.33%
2kV | 3kQ | 85V | 100% |18.4% |1.92% |1.19% | 0.33%
2kV | 5kQ | 56V | 100% |17.9%] 1.8% | 1.2% | 0.33%
4V | 1kQ | 40V | 100% |14.0%]0.69% [0.83% ] 0.36%
4kV | 3kQ | 135V | 100% |13.8%]0.69% |0.81% | 0.35%
4kV | 5kQ | 85V | 1009 |13.7%]0.65% | 0.79% | 0.33%
6kV | 1kQ | 59V | 100% | 9.9% | 1.7% [0.03% | 0.28%
6kV | 3kQ | 20V | 100% | 9.7% | 1.6% [0.0196] 0.27%
6kV | 5kQ | 12V | 100% | 9.6% | 1.6% [0.01%| 0.27%
8kV | 1kQ | 80V | 100% |6.36%|1.67% |0.07% | 0.05%
8kV [ 3kQ | 27V | 100% |6.25%6|1.65% |0.07% | 0.05%
8kV | 5kQ | 165V | 100% | 6.2% |1.63%|0.07% | 0.05%
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Table 5 Frequency Analysis of Val, Va2, and their
differential voltage in nonlinear Loads

Fo4 | A% |78 |32 525 7290z N2

Val | 100% |0.0% |75% | 0.9% | 0% | 0.2%

) Va2 | 100% [0.0%6|7.5%09% | 0% | 0.2%

Vdiff | 100% | 0% | 0% | 0% | 0% | 0%
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