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Transmission line protection principle based on zero sequence differential impedance

WU Jiwei" 2, TONG Xiaoyang', LIAO Xiaojun®, ZHENG Yongkang®
(1. School of Electrical Engineering, Southwest Jiaotong University, Chengdu 610031, China; 2. Huzhou Electric Power
Design Institute, Huzhou 313000, China; 3. State Grid Electric Power Company Skills Training Center, Chengdu 610072,
China; 4. State Grid Sichuan Electric Power Research Institute, Chengdu 610072, China)

Abstract: The optical longitudinal differential protection theory for transmission lines at present is affected easily by
distributed capacitance current and requires rigid synchronization of double-terminal information of lines. The
zero-sequence differential impedance protection principle based on bilateral information is proposed. The definition of
zero-sequence differential impedance and the criterion of zero-sequence impedance differential protection principle are
given. The zero-sequence differential impedance is equal to the opposite value of the sum of both sides system zero
sequence impedance, which is in the third quadrant, when the fault happens within the protection zero. The
zero-sequence differential impedance is equal to the transmission line zero sequence impedance, which is in the first
quadrant, when the fault happens out of the protection zero. Some models are built in PSCAD to verify the correctness
of the zero sequence differential impedance protection principle. Experimental results show that the criterion is not
influenced by the fault resistance, and can be applied in the line with or without shunt reactor and weak feeding system,
and the strict synchronization of the sampled data is not needed.
This work is supported by National Natural Science Foundation of China (No. 51377137).
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Fig. 1 System model and zero sequence network of the

fault within protection area
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Fig. 2 System model and zero sequence network of the

fault without protection area
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Fig. 3 Zero sequence network diagram of shunt reactance

compensation circuit under faults
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Table 1 Simulation result under fault without resistance

. eI E e Al e
AL W .
Zeao/Q2 B 0/(°) gh i
K -1.63-j24.57 -93.55 \
N K, -1.62-j24.58 -93.65 V
A 1
K; -1.57-j24.66 -93.70 \
Ky 87.31+j386.92 77.23 x
K -2.43-j44.21 -93.31 \
. K, —2.31-j44.30 -92.98 \
Y 2
K; -2.31-j4431 -92.98 v
K, 7.34+j43.16 80.35 x
K -50.04-j229.04 -102.32 \
" K> -50.00-j228.95 -102.32 S
i 3
K3 -50.01-j228.97 -102.32 y
K, 88.05+391.01 77.30 x
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Table 2 Simulation result under signal phase fault with different

resistance of long line model

—_— T TP 22T TP Bk
FH/Q Zeao/Q LA 0/(°) 45
50 -1.56-j24.82 -93.59 \
K, 100 -1.53-j25.01 -93.51 V
300 -1.54-j25.03 -93.52 V
50 -1.61-j24.72 -93.73 \
K, 100 -1.60-j24.87 -93.67 y
300 -1.56-j24.85 -93.59 \
50 -1.63-j24.95 -93.72 V
K3 100 -1.53-j24.98 -93.51 V
300 -1.57-j25.01 -93.60 V
K, 100 87.46+{386.92 77.26 x
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Table 3 Simulation result under signal phase fault with different

resistance of weak feed model

G E G} Fy 2 FIFEHM
b= FH/Q Pl Zeao/Q B 0/(°) 45k
50 -50.02-j229.19 -102.31 J
K 100 -50.05-j229.17 -103.32 J
300 -50.08-j229.17 -102.33 v
50 -50.14-j228.95 -102.35 v
K 100 -50.05-j229.06 -102.32 J
300 -50.04-j229.01 -102.33 V
50 -50.04-j229.06 -102.32 J
K; 100 -50.11-j228.94 -102.34 J
300 -50.04-j228.99 -102.33 v
K 100 88.06+j391.03 7730 X
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Table 4 Simulation result under signal phase fault with different

running condition of long line model

b M il L FIFEH FIF D) I
A WILRAR /() FEAT Zeao/Q FFLf /) S
-30 -1.53-j24.63 -93.57 R
-10 -1.54-j24.63 -93.57 R
K 0 -1.54-j24.62 -93.58 R
10 -1.53-j24.62 -93.55 v
30 -1.53-j24.63 -93.57 v
-30 -1.49-j24.73 -93.45 v
-10 -1.52-j24.70 -93.51 R
K> 0 -1.57-j24.68 -93.64 v
10 -1.55-j24.64 -93.45 v
30 -1.54-24.62 -93.59 R
=30 -1.53-j24.90 -93.52 R
-10 -1.54-24.78 -93.56 R
K; 0 -1.54-124.72 -93.57 v
10 -1.54-j24.69 -93.58 R
30 -1.52-j24.56 -93.55 R
-30 86.14+(377.68 77.15 x
-10 85.10+377.81 77.30 x
Ky 0 84.57+j377.92 77.38 x
10 84.04+j378.06 77.46 x
30 83.04+j378.39 77.62 x
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Table 5 Simulation result under signal phase fault via resistance

with different clock error of long line model

[ - Ly 2T E b=zl e
= Zeqo/Q P 0/(°) ghig
-8 -1.53-j24.62 -93.56 \
-3 ~1.50-j24.66 -93.49 v
K, 0 -1.53-j24.62 -93.55 y
-1.56-j24.62 -93.63 v
7 -1.55-j24.60 -93.61 \
-8 -1.53-j24.63 -93.57 v
-3 -1.54-j24.62 -93.58 \
K> 0 -1.55-j24.64 -93.45 y
-1.54-j24.62 -93.58 \
7 -1.54-j24.62 -93.58 \
-8 -1.56-j24.72 -93.61 v
-3 -1.56-j24.71 -93.61 \
K3 0 -1.54-24.72 -93.57 \
-1.56-j24.71 -93.61 \
7 -1.56-j24.71 -93.61 \
-8 85.82+j385.28 77.44 x
-3 86.29+j388.25 77.46 x
Ky 0 88.04+]388.48 77.23 x
89.14+j387.08 77.03 x
7 88.32+j385.82 77.10 x
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Table 6 Simulation result under signal phase fault via resistance

with different clock error of long line model

[ _ 22 ik 14 I
I | Zhol/Q L
-8 -0.71-j17.04 17.05 y
-3 -0.74-j16.13 16.14 \
K> 0 -1.13-j16.01 16.04 \
4 -1.80-j16.36 16.46 y
7 -1.73-j16.95 17.04 \
-8 -33.67+j192.66 195.58 x/
-3 -402.27+j208.46 453.07 x/
Ky 0 13.26-j2902.03 2902.17 x
4 298.56+j101.52 315.34 \
7 139.10+155.37 208.53 \
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Fig. 5 Line model with shunt reactors
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Table 7 Simulation result under signal phase fault via resistance

s ORI 3K FIF2EFHT TP 7 P
5 FH/Q Zeao/Q i 0/°) iR
50 -0.05-j144.65 -90.02 \
K 100 -0.02-j144.68 -90.01 \/
300 -0.02-j144.74 -90.01 \
50 73.01+j317.41 77.04 x
K 100 74.64+j316.88 76.74 x
300 75.79+j316.53 76.53 x
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