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ABSTRACT

This paper presents an apparent impedance calculation procedure for distance relaying of
transmission line involving UPFC (Unified Power Flow Controller) devices between Kangjin and
Jangheung of KEPCO (Korea Electric Power Cooperation) systems. The presence of UPFC
significantly affects the trip boundaries that are also adversely affected by fault resistance combines
with remote end infeed. Depending on the UPFC location, the trip boundary is influenced by the
fault location, pre-fault condition, the arc fault resistance and the parameters of the UPFC itself
(series voltage magnitude and phase angle). With the changes of these parameters, the measurement
and protective range (trip boundaries) of the adaptive distance relay can also be changed. So, to
analyze the operating characteristic of relaying in the power system is the most important part in the
field of system protection.

This paper presents the apparent impedance calculations and the distance relay setting
characteristics for faults involving the UPFC in the KEPCO systems.

1. INTRODUCTION

The use of power electronics devices to improve the power transfer capability of long
transmission lines forms the basis of the concept of FACTS (Flexible AC Transmission System).

The UPFC (Unified Power Flow Controller) is a powerful device within FACTS devices, which
consists of shunt and series converters. It was devised for the real-time control and dynamic
compensation of AC transmission system, providing multifunctional flexibility required solving many
of the problems facing the power delivery industry. As can be seen in Fig. 1, the series converter
injects a series voltage of variable magnitude and phase. Besides, the shunt converter is operated so
as to draw a controlled current from the transmission line. One component of this current is automatically
determined by the requirement to balance the real power of the series converter. While the use of UPFC
improves the power transfer capability and stability of a power system, certain other problems arise
from the field of system protection in particular the transmission line.

The UPFC can be used to control the basic parameters of the transmission line, such as
voltage, current, and phase angles etc. The presence of a UPFC in the fault loop affects both the
steady state and transient components in the voltage and current. With the changes of these parameters,
the measurement and protective range (trip boundaries) of the adaptive distance relay can also be
changed. So, to analyze the operating characteristic of relaying in the power system is the most
important part in the field of system protection. However, if the UPFC is not present in the system, the
apparent impedance calculations of the fault are similar to the ordinary transmission line.

The 80 [MVA] UPFC is operated at the Kangjin S/S (substation) of KEPCO (Korea Electric
Power Cooperation) systems, Korea, currently.
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ASZ 1 (Positive-sequence impedance of SV ) 1.7431+j19.424 [Ω] 

ASZ 0 (Zero-sequence impedance of SV ) 2.6147+j29.886 [Ω] 

BSZ 1 (Positive-sequence impedance of RV ) 1.7431+19.424 [Ω] 

BSZ 0 (Zero-sequence impedance of RV ) 2.6147+j29.886 [Ω] 

1LZ (Positive-sequence impedance of T/L) 0.03818+j0.3312 [Ω/km] 

0LZ (Zero-sequence impedance of T/L) 0.1604+j0.8670 [Ω/km] 

α  (Protection distance) 0.95 (95 %) 

FR (The fault resistance) 0~200 [Ω] 

Transmission Line Length 20 [km] 
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