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A fault time detection method in a distribution network based on a sudden change of
current and mathematical morphology
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(1. School of Electrical Engineering, Shandong University, Jinan 250061, China;
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Abstract: Differential protection based on fault time self-synchronization principle requires to detect fault time accurately in
distribution network. However, the error in the conventional phase current sudden-change-based fault time detection method
is greatly affected by the fault occurrence time, distributed power generation fault characteristics and other factors. These can
cause a large synchronization error in the differential protection. Therefore, an accurate fault time detection method is
proposed, one which is suitable for the fault time self-synchronization principle in a distribution network. First, a data
window is selected based on a conventional phase current sudden-change detection algorithm, and then an improved
multi-resolution morphological gradient operator is used to process the data to obtain the gradient signal. This highlights the
waveform mutation. Then the fault time is extracted through extreme point positions of the gradient signal. Finally, PSCAD
simulation and field test data show that this method has high detection accuracy and good stability, and can effectively reduce
the synchronization error caused by fault time detection.
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Fig. 1 Detection delay of mutation algorithm

Kb, o, Ry sEBrids 2 AR Z), )T
FHE, TTHEEEL 0.2 580 iR, ¢ AR EHIER
TR 2, Ar 5 T BRI RE R o DA
B g o, AR R L BRI ZE R 4 1.5 ms,
A 50 Hz T X5 HL AR BE DRy 270

FE RIS 1 [R5 B B AR, K Al P o B Z1 A
WA R T ORUE AR e Y, TS P4 17
LERTINLE IF HL 0 ZE I AN ARSI, oy R BLIRD 20 5
25, W 2 Pros, PSS A I RE I Ar 22 2280
[FI2PR 2, Atk 0.5 ms, T4 50 Hz F XN A 99,
SCHR[27IHI AT B, 20 A = F YR ) e N & A il s
DX BB A i L YA ) A e R P e A A R 2 5, A A



_56- & HhREY 5

MIE AT B Z i P BRI RS R 2%,
A B 22 B DRI (RIS SO VR, BET R A 35
HCRSE IR R 47 ) IR A B A

400

——— M
— — — MR AR %)
S 207 - — - R
= 7h=0.1s
2 of
X
11 20+t
,40 ke
00 N
< = — = MR AR %
2 10} == Hekn 2 i i o0LasE
. fh=0.1s =
X L |1
1] 0 At=1.25ms

10 1 1 1 1 1 L L J
0.080 0.085 0.090 0.095 0.100 0.105 0.110 0.1150.120
IN ) /s

2 WENZIBR S RERRESIRE
Fig. 2 Synchronization error caused by self-synchronization

principle at fault time
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Table 1 Detection results of two algorithms for

phase A current of M-side

) I 2 0 45 24 ms AR /(%)
Ams  ALHPE SCRREEN KX UREEE
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504.60 504.50 504.75 -1.80 2.70
505.64 505.50 505.75 -2.52 1.98
506.11 506.00 506.25 -1.98 2.52
506.55 506.50 506.75 -0.90 3.60
507.69 507.50 509.00 -3.42 23.58
508.91 508.75 509.25 -2.88 6.12
509.70 509.50 510.00 -3.60 5.40
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Table 2 Detection results of two algorithms for

phase A current of N-side

) I 2 0 45 24 ms AR /(%)
Ams  AHPE SCRREEN KR UREEE
501.10 501.00 501.50 -1.80 7.20
502.40 502.25 502.50 -2.70 1.80
503.36 503.25 503.50 -1.98 2.52
504.60 504.50 504.75 -1.80 2.70
505.64 505.50 506.00 -2.52 6.48
506.11 506.00 510.00 -1.98 70.02
506.55 506.50 510.00 -0.90 62.10
507.69 507.50 510.00 -3.42 41.58
508.91 508.75 510.00 -2.88 19.62
509.70 509.50 510.25 -3.60 9.90
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Table 3 Detection errors of the algorithm with

1.6 kHz sampling rate
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Fig. 10 Phase C current of one side in field and

results of this algorithm
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