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Dynamic identification technology for the failure risk of the secondary virtual circuit of
relay protection in an intelligent substation

XU Jiayan, WU Fangying, LI Rui, HU Botao
(Beijing Sifang Engineering Co., Ltd., Beijing 100085, China)

Abstract: The failure risk of the secondary virtual circuit of relay protection can cause hidden dangers to the protection
function, affecting the safe and reliable operation of a relay protection system. To solve this problem, a dynamic
identification technology for the virtual circuit failure risk is proposed, one which systematically gives alert to the virtual
circuit failure risk and detects virtual circuit faults in time. First, by analyzing the virtual circuit object, and sorting out the
explicit and implicit defects of the virtual circuit, a warning technical architecture of the failure risk is constructed. The
key methods include the identification of secondary circuit link as well as functional faults. For the identification of
secondary circuit link faults, using such techniques as device breakage alarm processing, port optical power analysis, and
fiber loss evaluation, the ports are monitored, and using criteria the abnormal messages are monitored. For the
identification of secondary circuit functional faults, protection functions on the tripping and closing circuits, the status of
the maintenance plates, and the status of virtual circuit soft plates are monitored. Finally, through the use of an intelligent
recorder, the feasibility of the techniques and the correctness of the methods are verified. The technology provides
assistance for the intelligent operation and maintenance of relay protection in the failure risk of a virtual circuit, and has
good practical value.
This work is supported by the National Key Research and Development Program of China (No. 2021 YFB2401000).
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Fig. 3 Secondary real circuit associated virtual circuit flowchart
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Table 8 Secondary virtual circuit information

PL-A PL-B ML-A ML-B PM-A PM-B
PL-A — GO1 — GO1 —
PL-B - — GO2 — GO2
ML-A GO3/SV1 - — GO3/8V1 -
ML-B — GO4/Sv2 — — GO4/SV2
PM-A GOs - GOs — -
PM-B — GO6 — GO6 —

FRHE B 5 ) 32 JE ] S AR 1 A A RS2 Rl i %2 X
B, SR VRS2 [R] B RR S BR RE [ i v () SR BB AL
%ME6%%D

GOI!!(‘OI (‘02!!(‘07

(JL2 GL1 GL3 GL4 GL2

GO3/SV1 GOS GO6 (JO4/SV"
GO3/SV1 CO] GO2 (‘04§\Z
(“L(w GL6
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B 6 R SE[ERE 25 XA KB RE = 2%

Fig. 6 Secondary real circuit multiple-tree

associated virtual circuit
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Table 9 Optical power limit

eRRE  MSERR PRAE
Kk BR -14 dBm
EES JeThE TR -20 dBm
b An] ik PR -14 dBm
JeThE TR -31 dBm
Rk EFR -3 dBm(1310 nm), 2.5 dBm(850 nm)
Tk Ferh#% R -11.5 dBm(1310 nm), -9 dBm(850 nm)

JGH 2l EBR -3 dBm(1310 nm), 2.5 dBm(850 nm)
HIh#FE PR -19 dBm(1310 nm), -18 dBm(850 nm)

N T PRAIESR FOETh R AT (U Seif o8, Al RERE]
B 1 min SRAREEAT Ot Ty BRAE AV A 5 3h 7t

Wr. DABES AR EAR], RERENE 9
fis, BHEDIEEEBMER 0.2 dBm, 7E07 E L=
SRR — AN £ i 1 K — X BBl 7 W MR D6 2T
PUOETh RN BR 7 H s, Wk 10 Fios.

F 10 SERPAETIRSAER

Table 10 Real time optical power analysis results

i} 1) pIAIES SEI{E/dBm  BRAEHIE  HEEhAeE
10:30:00 Rk -16.56 IEW —
o LY -17.42 1E%# —
Rk I -16.58 EH IEH
10:31:00 ,
ORI -17.63 IEW BH
10:32:00 Rk -16.57 E# IEH
o BT % -17.43 E# EH
10:33:00 Rk -16.57 E# IEH
o BTl -40.00 iEH# E#
10:34:00 RIE I -16.57 E# IEH
o LS N ES -40.00 iEH# E#
RIEFETH -16.57 EH IEH
10:35:00 )
PO -40.00 BT R IE%

it LG DA S AR P B E AR 15 min A7
— IR SEHAR, — RAFE 96 ASKAEAE, B ] ELAL N
K, A EEHREREN 0.2 dBm/K, [ Ti&dE
EREN-0.2 dBm/ K. £ RE R HET— R
REBME, T A, RSO R
FIWr, FERERIUFHE AT RO R ES, &
Ji— % S E AT R — e R ES, &H
1 HERHE KT 1 HRDGDSESs, /4 1
A1 HEZEAHE—REPIE LA 1 BRI ES.
4.3 FAIFETE

e LT HFERRME PN 0.2, TRk A
FUVFE AP, 12 dBm, SEPREM A4 T, 9 7300
K, EO7 A SR SR — MO HdE, FR1F
fli—UOCLT G, RPN S R G R 11 s,

T RARFEITEER
Table 11 Fiber loss assessment results

WP, ThE ThERME/ THEBFE PR BUE RERY

K FKM  dBm dBm (dBm/K) x EN
Rk -16.3344

0 0.9609 — 0.0588 7300
Bl -17.2953
Rk -16.3525

100 1.1081 0.0015 0.0678 7200
B -17.4606
Rik -16.3617

200 1.2741 0.0016 0.0779 6849
B -17.6358
Kk -16.3621

300 1.4364 0.0016 0.0878 6664
Bl -17.7985
Rk -16.3735

400 3.5589 0.0065 02174 1299
Bl -19.9324
Kk -16.3735

410 23.6265 0.0553 1.4430 0
Bl -40.00
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Fig. 7 Display of abnormal alarms in secondary

virtual circuit messages

4.5 Bk& e [E] 3 A0
B kA i A R AR SCD SC -6l Bk A 1]
B BRAE A, EEIICE 220 KV 43 B A4 P15 k-4 il [E]

BRAE S, %R 12 PR,
12 220 kV BRI A FERKRES
Table 12 220 kV line protection tripping and closing circuit signal
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Table 13 Monitoring results of maintenance plate status
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Table 14 Monitoring results of virtual circuit soft plate status
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