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A fault location method based on hybrid measurement state estimation for a distribution network
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Abstract: The micro-phasor measurement unit (WPMU) provides a measurement basis for distribution automation upgrade,
but the present stage of the number of tPMU cannot really meet the needs of fault location in a traditional distribution
network. To address this, this paper proposes a fault location method based on hybrid measurement state estimation by
integrating the yPMU and a smart meter (SM) and considering a multiple state estimation method of virtual buses. First, the
measurement data from the pPMU and smart meter are input into the state estimator by equivalent transformation. Then,
the positions of the uPMU are exploited to divide the network into different zones. It calculates fault current by estimated
results to restrict the fault searching zone and to reduce computational complexity. To locate the fault within the identified
zone, additional virtual buses are placed to form a multiple specific fault topology and execute fault state estimation
respectively. This calculates the weighted measurement residual index to identify the fault location. Finally, through
real-time digital simulation system (RTDS) tests, the results verify that the method can precisely ascertain the fault
locations in various fault scenarios and has good robustness to measurement noise.
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Table 1 Location performance with different fault types

wE M JE fr 2k 55 R AL /%
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Max Ad

g A 30% 50% 80%
LG L,,/30 L,,/50 L,,/80 0
LL L,./30 L,,/50 L,,/80 0
b g L,,/30 L,,/50 L,,/80 0
LLL  L,,/30 L,,/50 L,,/80 0
LG L,,/40 L, /50 L,,/80 0.1
LL L, /30 L,/50 L,/80 0
b L, /30 L, /50 L, /80 0
LLL  L,/30 L,/50 L,/80 0
LG L,,/30  L,/50  L,,,/80 0
LL  L,./50  L,,/5 L./ 02
ber g Lin/30  Ly,/50 L,,,/80 0
LLL  L,./30  L,./5  L,,./80 0
LG L;5,/30  L;,/60 L, .,/80 0.1
LL  Ly,/30  Ly./50 L, .,/80 0
bie g Ly5/30  Ly.,/50  Ly.,/80 0
LLL  Ly3/30  Ly,/50 Ly .,/80 0
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Table 2 Location performance with different transition resistors
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2 L FH/Q 30% 50% 80%

5 L,/30 L,/50 L,/80 0

L,, 50 L,/30  L,/50  L,/80 0

100 L,/30  L,/40  L,/80 0.1

5 L300  LJ50  L,J/%0 0

L, 50 L/30  L,J50  L,/9 0

100 L/40  L,30 L, /80 0.1

50 L,,,/30 Li.,/50 L.,/80 0

Ligi 50 Li6.17/30 Li.7/50 Li.,/80 0

100 Lg,/20 Ly, /40  L,,/80 0.1

5 L,,/30  L,./50 L, ./80 0
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Table 3 Location accuracy with high transition resistor fault

o TENLHER R/ %
200 Q 400 Q 600 Q 800 Q
LG 99.24 94.31 92.72 91.17
LL 98.48 95.93 92.96 90.98
LLG 99.62 94.70 93.41 91.82
LLL 100 100 98.86 98.11

3.6 MAEBHIREN I

Fic i X B ok T 2 A e %, AR R
LSRR AT R 2 R A E AR EA, XIR
A A RES B RE M AR R LB B o Hd
TENIZAE B TR PEREREAT 70T DAZRE% 7-8
KA 50 Q [ A iR D B, 3
AN 1~4 AR, SRR R R SR AL R
BIHEAT 600 UK. 857 H A — 2 T O0 T Ll
5 M7 3] e v B PRI AR Tl LS 2 A PR R A
B, AR 4 PR, SRGRN, ERWHdEED
HIfEOL T Ree T SEEir. oy, 1 4 AIRER RO
S T LN A I B, (ERIXAE SRR TS B0 2 rh il H il
NI, HAERZRARIRAE 93%LL b, BLENZTT VAN
S s B AT R IR TTRE

*® 4 FEREINSIEEERE

Table 4 Fault location accuracy with abnormal data injection

N R YR 5%
RR ALK .

30% 50% 80%

1 99.27 98.49 99.01

2 97.16 97.73 98.35

3 96.98 94.60 95.44

4 94.87 93.39 93.17
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Table 5 Comparison results

ST Mk — ERLEER,
HR[21] CHR[30]  ASCIE

1 L, 94.85 92.41 99.01

2 L. 93.92 94.79 98.65

3 L. 93.67 93.06 99.14

4 L 9438 92.67 98.49
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