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A new pilot direction protection based on self-constructing reference current

LI Zhenxing', WANG Ling', WANG Xin', LI Zhenhua®, WENG Hanli’
(1. College of Electrical Engineering and New Energy, China Three Gorges University, Yichang 443002, China; 2. Hubei
Provincial Collaborative Innovation Center for New Energy Microgrid, China Three Gorges University, Yichang 443002, China)

Abstract: The protection based on zero sequence direction or negative sequence direction plays important roles in power
system relay protection. But in the condition of a high resistance grounded system or PT disconnection, the voltage at
some of measuring points is small which will affect the discrimination of directional element. In order to solve these
problems, this paper brings forward a new criterion based on zero sequence current or negative sequence current to build
zero sequence directional reference or negative sequence directional reference. And then a pilot directional protection is
constructed by comparing two-terminal direction results of a line. After the asymmetrical faults occurs in system, it
utilizes information-integrated processing of zero/negative sequence current like differential method and reverse method
to acquire the current reference direction of sending side and receiving side in the same direction, building a new criterion
based on the comparison of zero/negative sequence current and reference direction. This method does not need voltage
information that can greatly reduce the communication traffic of the protection, and is immune to different fault initial
angle and large ground resistance. Thus it can be widely used in wide-area protection system. Simulation results show that
the direction criterion is reliable.
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Fig. 1 Zero sequence equivalent network under external fault
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Fig. 2 Vector diagram of zero sequence current

under external fault
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Fig. 3 Zero sequence equivalent network under internal fault
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Fig. 4 Vector diagram of zero sequence current under internal fault
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Table 1 Phase of zero sequence current and reference current at different locations of faults

©
Ag(Rr=0 Q), a=0 Ag(Rr=100 Q), a=60 Ag(Rr=300 Q), a=-150 BCg(R:=0 Q), a=—60
pl p2 p3 p4 pl p2 p3  p4 pl p2 p3 pa pl p2 p3 p4
K, mfll  -146.6 -152.5 1 -80.1 -144.0 1 ) -66.8 -59.1 1 ) 355 -145.6 -1 )
nfll  -133.1 -143.5 1 =70.0 -134.8 1 -56.6 =50.1 1 46.1 -136.4 -1
K, mfll  -132.9 -17.4 1 -84.7 -143.2 1 ) —66.5 -89.2 1 ) 49.5 -136.0 -1 )
nfl]  -127.1 -12.4 1 -79.3 -138.6 1 -61.1 -84.5 1 54.9 -131.7 -1
K, mfll  -133.5 -17.1 1 -85.0 -143.6 1 -66.8 -89.4 1 5 48.1 -137.0 -1 5
’ nfll  -127.5 -11.6 1 -78.8 -138.1 1 -60.5 -83.9 1 54.2 -131.5 -1
K, mfll  -130.4 -140.0 1 0 -84.2 -142.1 1 -66.1 -88.8 1 0 108.5 -106.8 -1 0
n il 48.8 -140.1 -1 964 -143.0 -1 114.5 -88.9 -1 -70.5 -107.0 1
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Table 2 Phase of negative sequence current and reference current at different locations of faults
@)
b Ag(Ry=0 Q), a=-50 Ag(Ry=100 Q), o=-100 BCg, a=60 BC, a=120
pl p2 p3 pa pl p2 p3 p4 pl p2 p3 p4 pl p2 p3 p4
m {1l -1453  -153.9 1 -81.7 -89.4 1 33.1 -155.8 -1 33.7 -153.8 -1
K n il -1342 -1533 1 : -70.3 —-89.5 1 : 449 -154.3 -1 2 453 —-155.0 -1 2
mfll  -1404 -148.1 1 -87.7 -96.7 1 36.5 -1514 -1 37.7 -150.2 -1
K n ] 1279  -146.7 1 : -754 -94.5 1 : 493 -149.8 -1 2 50.4 -148.7 -1 2
m fil -1322  -141.1 1 -86.9 —-88.1 1 44.0 —-145.0 -1 44.7 —-1443 -1
K3 2 2 2 2
n il -117.5 -136.1 1 =70.0 -89.0 1 61.3 -139.7 -1 62.1 -117.9 -1
mfl]  -133.5 -1425 1 -86.3 -95.2 1 452 -143.8 -1 -134.1 -143.4 1
K n ] 46.8 -152.3 -1 0 94.1 -105 -1 -1345  -153.6 1 0 45.6 -149.2 -1 0
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