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Error analysis of single-end fault location for single-line-to-ground fault
in transmission line with wind farm connection
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Abstract: The accuracy of single-end impedance based fault location for single-line-to-ground fault in transmission line
is mainly affected by the unknown opposite-end system operation mode and fault resistance. In general, wind farm
expresses a typical weak infeed system operation characteristic, but the equivalent characteristic of different type’s wind
farm after fault is different, so there is a big fault location error, and the error generation mechanism is not clear. In
response to this problem, this paper models and analyzes operation characteristics of three types’ wind farms: Squirrel
Cage Induction Generator (SCIG), Permanent Magnetic Synchronous Generator (PMSG) and Doubly-Fed Induction
Generator (DFIG), and then contrasts the phase difference values between voltage at fault point and negative and zero
sequence currents at the two ends of line. After that, it quantifies the equivalent impedance variation patterns of different
types’ wind turbines and different grid-connection capacities of wind farm, in following, analyzes the fault location
precision and correlative factors both from the power system side and wind farm side. The suitable fault location schemes
response to different types’ wind farms are clearly concluded in this paper based on believable cases simulations, and the
further improvement direction is also pointed out.
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Fig. 1 Single-line-to-ground fault (SLGF) in transmission line
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Fig. 2 Zero sequence network of transmission
system with SLGF
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Table 1 Simulation parameters for transmission system

S5 L BAE/Q BHEQ  ADUEMQ
FLA B 0.046 17 0.2747 0.298 6
KB 2 e 0.204 0.9379 0.505
EF 22 12.606
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Fig. 3 Fault voltage and current waveforms recorded at two

terminals of transmission line connected with SCIG wind farm
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Table 2 Fault location result in case of 20 MW SCIG wind farm

connections with 5 Q fault resistance

RPN b
[ MPELE R Am | A /rad | SHUE
B | PSSR 7 | = s | @ Hif/
km o | R £ = rad

20 761.45/1.158 13.7 | 214 | 0.53 0.24 0.30
40 762.5721.168 329 | 417 | 0.53 0.26 0.31
60 762.46 /1.168 51.1 62 0.55 0.28 0.34

80 761.1.21.157 67.6 | 826 | 0.59 0.31 0.37
BN ES

90 12.76 £1.397 90.3 | 88.5 0.28 0.39 0.30

70 12.76 £1.397 702 | 69.2 | 0.30 0.37 0.31

50 12.76 £1.397 50.1 | 495 0.33 0.37 0.34

30 12.76 £1.397 30.1 29.7 | 0.36 0.39 0.37

=3 FTRHLE 20 MW FFF, TERE 105 QR NEESE R
Table 3 Fault location result in case of 20 MW SCIG wind farm

connections with 105 Q fault resistance

RPN b

[ MPELE R Am | WA /rad | SR

BRE/ | SUPEHIEL | e g - AL/
km E | Em | ER rad
20 764.75 21.16 / 47.8 1.48 1.20 1.25
40 766.26 ~1.17 / 72.6 1.49 1.22 1.27
60 766.59 ~1.17 / 99.6 1.52 1.25 1.30
80 765.77 21.16 / 130.1 1.57 1.29 1.34

BN ES
90 12.76 £1.397 94.7 554 1.24 1.34 1.25
70 12.76 £1.397 734 50.7 1.26 1.33 1.27
50 12.76 £1.397 52.6 39.0 1.29 1.34 1.30
30 12.76 £1.397 32.0 24.0 1.34 1.37 1.34
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Table 4 Fault location result in case of 20 MW SCIG wind farm

connections with 105 Q fault resistance

Sz 00 52 25 S b
g MPELE R Am | WAL /rad | SR
BHE/ | USRS wF | = - AL/
km g | HFE | FF rad
20 349.0 £1.185 / 43.7 1.49 1.25 1.30
40 349.61 £1.19 / 67.1 1.50 1.26 1.31
60 349.54 /1.19 / 91.9 1.52 1.28 1.34
80 348.7721.19 / 118.3 1.56 1.32 1.37
B RINIESES
90 12.76 £1.397 99.3 49.7 1.28 1.39 1.30
70 12.76 £1.397 76.7 48.1 1.29 1.37 1.31
50 12.76 £1.397 54.9 37.7 1.32 1.37 1.34
30 12.76 £1.397 33.6 234 1.36 1.39 1.37
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Fig. 4 Fault current and voltage waveforms recorded at two

terminals of transmission line connected with PMSG wind farm
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Table 5 Fault location result in case of 20 MW PMSG wind

farm connections with 105 Q fault resistance

Sz 00 2 e
[ MPELE R Am | A /rad | SHUE
BB/ | SUFSEEE T s | = - AL/
km | HFE | FFE rad
20 19825 ./1.69 167 47.6 0.94 1.19 1.25
40 10341 .£1.35 3.6 71.0 1.32 1.21 1.27
60 47099 ~-0.39 / 98.4 3.06 1.25 1.30
80 15525 22.11 / 126.4 | 0.63 1.29 1.34
EERINIESES
90 12.95 /1.39 922 58.2 1.24 1.34 1.25
70 12.95 /1.39 70.6 52.0 1.26 1.32 1.27
50 1295 21.39 50.7 39.6 1.30 1.33 1.30
30 12.95 /1.39 30.2 242 1.34 1.36 1.34
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Fig. 5 Fault current and voltage waveforms recorded at two

terminals of transmission line connected with DFIG wind farm

< 6 WIRXHLE 20 MW FFM, TiERPE 105 QR NEESE R
Table 6 Fault location result in case of 20 MW DFIG wind farm

connections with 105 Q fault resistance

RPN b

[ MFESS R /km AR rad | AU

B/ | SRS | o e - AL/
km | g Uil L rad
20 2130.20.52 / 474 2.12 1.19 1.25
40 2708 20.07 / 71.9 2.58 1.22 1.27
60 2910.20.03 / 98.1 2.65 1.25 1.30
80 5119.20.81 / 131 1.93 1.29 1.34

BN ES
90 1278 21.41 95.7 56.3 1.23 1.34 1.25
70 12.78 21.41 74.2 51.7 1.26 1.32 1.27
50 1278 21.41 53.1 39.5 1.29 1.34 1.30
30 1278 21.41 30.8 24.6 1.34 1.36 1.34

F= 7 WIRKHZE 100 MW FR, ITiEEBPE 105 QRTIEELE R
Table 7 Fault location result in case of 100 MW DFIG wind
farm connections with 105 Q fault resistance

A 0 45 2R T
Wk | GUPSEST | WEESS Rkm | ARSI /rad | HURAR
BB/ 7 /rad
K iy | BIFE | 7 | BF
JR B piil
20 441 20.32 / 441 2.32 1.26 1.32
40 386.20.40 / 64.2 2.23 1.27 1.33
60 341 .£0.52 / 88.7 2.12 1.30 1.35
80 368 £0.56 / 116.3 2.12 1.33 1.38

ZGLN B A R
90 12.78 21.41 46.2 120.6 1.41 1.25 1.32
70 1278 21.41 47.6 96.1 1.38 1.26 1.33
50 1278 21.41 37.5 68.6 1.38 1.30 1.35
30 1278 21.41 22.5 40.2 1.40 1.35 1.38
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