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ABSTRACT: Fully extracting fault transient characteristics is
crucial for enhancing the protection of renewable power
systems. However, existing methods face challenges in setting
action thresholds and computational demands. This paper
proposes a pilot protection scheme for transmission lines using
transient current time-domain mutations. First, the relative
time-domain mutation characteristics of fault transient currents
in bus outgoing lines are analyzed, leading to a method for
determining the fault forward direction without fixed settings.
Second, the sequential overlapping derivative transform
amplifies high-frequency mutation differences and filters out
low-frequency characteristics, simplifying calculations. Based
on this, a transient directional pilot protection scheme is
proposed. Finally, the scheme’s feasibility is verified through
PSCAD simulations and hardware tests, showing good
applicability and practical engineering value across various

transmission lines.
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Fig. 1 Decomposed voltage wave
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Fig. 2 Step traveling wave reflection process
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Fig.3 Whole process of traveling wave refraction and
reflection
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Table 2  0°fault initial phase angle simulation test results

(DAL EEN Ri R> R3 R4
Jetk 1480.6 1 44.1 1
fi 5t 782.5 1 122 1
FH 271.9 1 23.5 1
etk 1 1303.2 1428.6 1
fa R 1 634.9 583.9 1
FH 1 197.8 214.4 1
Jetk 1 45.4 1 1443.9
f7 5t 1 94.6 1 782.8
FH 1 23.6 1 345.1

MIE A4 AT LG B, BRI T Ry B
IR 6 88 A 5 B B8 1) A X O 28 R i e 1E 77 1)
55 FAAAEME AN, HE S 2 RARRFE, %
W B 2 W TR 5 TR 7 (10 8 PSR, X PR 377 0 52 i
K. R 5 ARG T 247 B i fL It i) e
HHAE.

x5 TREANEUAER

Table 5 Different noise simulation test results

R P 5885 /dB AE B EL A
50 227.6
30 73.1
25 9.1

4.2 HERME
o3 R RELRIRE 2 e A AT I OTRAE . TR . il
Sis fas S AEHE A, R FBHR E Y 30002,
MRz S T R ORGP 77 RIS ETERE . M4 2R
WK 3 Frow, v W77 S0t i U Fe BH A 5 ot 3 o 2k
RE0% 1 = BH 2 b (1 i B 2% 1 R IE R B AE o
3 300QTEEEFEMINER

Table 3 300Q transition resistance simulation test results

frE A5 R R2 R3 R4
Jetk 1122.8 1 36.1 1
fi Ryl 573.9 1 90.2 1
FH 231.6 1 15.6 1
Jetk 1 979.1 1053.5 1
f4 B 1 441.4 420.5 1
FH 1 140.9 127.7 1
Jetk 1 30.6 1 1057.9
Vil B 1 64.9 1 553.9
ZH 1 14.1 1 2132

43 BZHBA

RAEEE 1 P S nT A, BEZR A0 AT BT
S5 IR B o RELR LRk IS B 8055 50 7 ks
S 453 SR AR AR R, BRI T BRZR W 0 L I
25, R 4 45 H T ORIRIE R AEA R BEZR 25 1)
WRCR, fa loRAE SR R RARRE R LA . AT oA
G RFZR L2 1 K/ BB AR R i LU AE R RS
BK, BHEHRAHN, RESTREEAE AN LR

*4 TEBZRAHEURER

Table 4 Different bus capacitance simulation test results

BELL LR /UF Ry R Rs R4
0.05 1 220.2 272.1 1
0.01 1 16.92 25.14 1
0.006 1 4.21 4.59 1

44 IREETH

DA BLI% HH 2R 2% 1 B r i B, R A s
PRI PERE I RE IR . P A B A4 D Ry, Ry AbH
WA AN 50, 30dB R 75 5 AR i AR 45 EL P o

M IAF] 25dB B, HEeEECaKEia
TEAN T THE,  AJ5T J5 D2 P 0 ) e P e e e,
B 5 B I PR AT IR B . R /N R g
B A 7, 28— 2 /N M AR X 25~50kHzZ A Bt
PfE5, FIEMGE 5L BN EREES D L
JERR A o SRTAT I B Sk, U SR RFE
B Sk, WAL E X — MBI &, Ak
W FBUT BB ST 2%, ARITAT T R 22 Rk
I EL 3

ATV SRAE Dy P B MEAE = TN AR AR, M s
TEAE AT RN S), SFik, AP 7 —FoER T
TR RS IE R 500, THEABE 5 Dy BT
H1E SR MLEREZ M, KRECEFS$D,|, L
2.5 {510, [VE NI THE, (B Dy R T TR R
FERL, Bm T IRE R SIREE 0, FHIRES
TE P8 ) 9 BB 0% A7 U OR BE AT I AR S RFAE,
Bl 11 fros. S8R EEG, ReEfEh 9.1 1874 &
31.2, MR T SRR IASE R R R B . M R
IR, WRAE K FATHR K, B RT R E E
AR T 1, W AR, R A

s — AR 5 — AR
— AR — Ahs
14 15 16 17 14 15 16 17
t/ms t/ms
(a) JEBLHT (b) VER S

B 1 SR B R R Xt E
Fig. 11 Comparison of effects before and after improved
filtering algorithm
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£3 HEE(“ MR R BRA R E’]Bﬁjﬂﬁ) ’ Fig. 13 Busbar multi-outlet diagram
b 12 s %7 BEHELTBER
g 108 —moat ——sms B f o Table 7 Energy ratio k calculation results
Swb N Bl T WOEAE R Rs R Ri
g0k T S fi 5679 1.03 1.01 1
e e b 2 1 3357 1.06 1,06
i R iy ) - /3 1 1.21 3989 1.64
10 e . . .
0 25 S0 75 10 0 5 10 15 2 AT LR 2 [ A, MO B AL ) e fii
WAL B /km WAL B /km

(a) I3 R Gk e (b) R LIkt 2k
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Fig. 12 Comparison of maximum Esop under different
conditions
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Table 6 Voltage fluctuation simulation test results

TR E AEE UM
Ry 1
Ra 5.87
Rs 1
R4 63.90
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Fig. 14 Hardware experiment diagram
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Table 8 Hardware Test Result

(AR R R> R3 R4
X 4h 76.6 1 1.96 1
X A 1 156.6 59.2 1

AR L, OR3P T SERE RS A T — M e i )
By 1A, HERR IR 0] SR L

6 Z4ig

ARICEET B ERAT IR AE 2 b 4T RO R, 4
7 T R R A AR R R i R R UG
RAPTTR, BBILLT4EE:

1) BLFHAR R RN REBAEER,
i B IX — 22 S T LS B 1E 1] R )

2) RXESEZHEE ISR L & H &
Hh & BRI, BOAT BRI S B R
AR RAHE, EHT RRRZRENIHA.

30 R LR R AR R AR B B LB K T )
ER VS Al SO 23 Oy = 811 N 01 11 R 5 S g o8
FEHTR ) R G rh B BORAE I, [ AR
SR P A AT SR o

M LA R B 4 R (http://'www.dwijs.com.cn/CN/1000-
3673/current.shtml).
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Fig. A3 Fault transformation results of different systems 12 1 113.5 252.9 1
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17 1 171.2 902.1 1 95 1 239 2002.3 1
18 1 36.5 135.6 1 25 1 2753 1 1906.9
19 1 72.9 427.7 1 CD 50 1 35.6 1 1535.2
5 1 11.0 1 171.8 75 1 2454 1 1247.5
CD 10 1 26.1 1 272.6
15 1 9.0 1 63.3
#+ A3 50km ZEEMINER
Table A3 Test results of 50km transmission line
2R £ & /km R R> R; R4
12.5 1812.5 1 27.2 1
AB 25 684.8 1 153.8 1
37.5 243.1 1 108.2 1
2.5 1 3760.3 61.3 1
5 1 883.8 49.6 1
7.5 1 714.7 402.9 1
10 1 350.2 808.1 1
12.5 1 220.7 1963.9 1
15 1 123.1 2461.3 1
17.5 1 1853.7 553.3 1
20 1 2083.6 27.5 1
22.5 1 1089.9 436.3 1
BC 25 1 619.2 664.0 1
27.5 1 446.4 1452.9 1
30 1 28.7 3056.1 1
325 1 547.5 2189.4 1
35 1 2022.8 120.9 1
37.5 1 1604.4 216.8 1
40 1 749.5 376.0 1
42.5 1 408.9 910.7 1
45 1 532 1255.1 1
47.5 1 63.1 6108.4 1
12.5 1 74.7 1 245.8
CD 25 1 83.6 1 651.3
37.5 1 25.7 1 1901.5

F A4 100km LR ER
Table A4 Test results of 100km transmission line

5723 A7 & /km R R2 R3 R4
25 1027.2 1 234.5 1

AB 50 1498.1 1 399 1
75 1886.6 1 330.1 1

5 1 2014.6 23.5 1

10 1 908.5 1439.0 1

15 1 144.7 2645.9 1

20 1 3928.7 121.5 1

25 1 1625.3 1012.9 1

30 1 18.9 3232.6 1

35 1 3074.5 469.3 1

40 1 2599.0 433.2 1

BC 45 1 117.9 2831.7 1
50 1 1312.8 1422.2 1

55 1 3276.2 116.7 1

60 1 450.3 22359 1

65 1 446.2 3262.4 1

70 1 3616.3 19.1 1

75 1 1137.4 1441.5 1

80 1 119.7 3981.2 1

85 1 2882.2 146.6 1

90 1 1767.3 831.7 1




