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Application and discussion on online condition-based maintenance of relay protection devices

YE Yuanbo', CHEN Xiaodong?, XIANG Zhonghua’, YE Yuanling?, WANG Wei'
(1. State Grid Anhui Electric Power Company, Hefei 230022, China;
2. State Grid Xuancheng Electric Power Company, Xuancheng 242000, China)

Abstract: In order to solve the existing problems and shortcomings of the traditional relay protection maintenance mode,
the research work of online condition based maintenance of relay protection is carried out. First of all, the online
protection equipment working state data is collected through the information system, providing data support for the relay
protection status evaluation. Secondly, it establishes the state evaluation and intelligent decision information model of
relay protection equipment, and carries on the on-line state evaluation to the key link that affects the relay protection
function. Then, equipment condition based maintenance is carried out according to the evaluation results. Finally, the
implementation method and state evaluation strategy, such as on-line detection temperature humidity of relay protection
operating environment and transceiver power state of optical fiber loop, are also proposed. The maintenance practice in a
provincial power grid proves that the on-line condition based maintenance of relay protection can improve the efficiency
of relay protection maintenance and the safe operation level of relay protection equipment.

Key words: relay protection; online condition based maintenance; state data; state evaluation; intelligent decision
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0 3l

it 5 A FLL P A PR A i o B AN T 48
s A Gedk ORI e IR AR AN IE Y HL Y A
IBAT T A A FL SR I B 2R Ak LR A
FLI8 e 18 o K LA R i B M 0 e R E
BAT, L, TRk ARG R Bl R R gy
W,

HEME: BRE MG EHRAHIA B (521200160017) “4¢
AR RERGERER ARG TS LA

Ak L ORI B R SUE WIRHIE AR A AR LU
PR AN 7 (B e P a e NG L T
MATIBHRIBLR, &7 ia e FpL g IR E e il
AR T5%, IERKER SRS AN 2
BATXEANAL, B R PTAT B o6 Bt
TR IBATIRE AR IE R S, M
BAPIRGS RUFI i AOE FEA1E s — e kg
ABE, BB SRS BT B0 X 5 v I e SR
PR KT, i sl R4k i Ry i
AT R, xS AR I8 T IE MBS o

] A 2 DAl A e 17 4k L DR RS A



Mg, %

2K FL PR FE SRR AE 1K) N AR - 133 -

BIRR TAE, W0 T sl Sett, W N TR
(BT RAS RIS TAE, JFIAS T —E p R,
HAESEREI AR — RSP 556, Hn 78l
N GARPRZS PO IR A5, e 7 A dadis LK,
N TR I B RS R B oD, ML AT vY
R IBATROL; 53, BEARSRIBE RIS Z A
T Z M, BHEEPEAIEE X AE LUAS 2 PRAIE .

ENECRIS A AREE ST DNURSE A [E il
Wb ic SO A5 S5 DO RE, T EAAARAR A SR
D7 RAELSRICR BRSBTS, e84k
DRAP BB Ak HOIR A FITE LAl 1 BEAAL S SM& S 4t 1
Al .

ASCHE PR I 4K FL ORI A E LRSI B (113
R WA LR B e BB PR (5 R Y
(FSEft b, BOVRRT R RARS R B R, R B
TR PR R, YU )
WIEIE S e A7 RBR AL S Wil R T S B
FaF B L R AR L DRI B 1) B A S N LA G
o, PemBia i TARMRCEME L, I
LA S LER G P AT 2 SRV ] o

1 SRS

2K AL AR E LIRS R B IR AR S E R AR
R VO RTRLAS SR =N EB 2R, AR
REVR K R GE B BI5E M.

QPRI AR LIRS E R G W TR
FERSHIRET T, REAZREIR R RS B %
WHEA PIRESEedls, AT AR AR EE, DL AR
SRBNTEE RSN D, RGOk

br sy

eI RES RS

1 GBRIPEEELRTIEERFIER
Fig. 1 Block diagram of online condition-based

maintenance of protective relays
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Fig. 2 State date acquitting system of protective relays
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Table 1 List of major health factors for protection devices
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Table 2 List of major state analogs for protection devices

KA BT WA B T
W B
I
LB IR I () SRR T PMS/OMS
REHEHEE RIS Sous
il AT
e A
REERDIE e PMS/OMS
— g §
READCIEE oo bR ERRS
i
N : T o
S F e (RS RS
RN WRATEREEE G AR
e AR R o
R g (RPTE R S
ST SRR -
TR A R
SR iy (RS RS

X LR B R AR s AT TP gk AR ik

%, HREEBER S H R T 4k Ry e s
fEFSIRGL, 1T LAk LR R B s AT R L AT Ak
FRZR
2.2.4 ORI TRIRIRA P

Ak FLORPOIRES TR S LATR) B A SR T g o 0T
B AR TCE gk FORT, Ak FELORP ) B R HE 4k FL AR
PR R AT s 0 A Ak F R
0k FELOR A ) o 0 5 OB A 4 H AR A 38 A AR
e/ [F] =8

X 12 [A] B R P A 4k F AR 9 26 8 DA R R (R i
PPRSBHE SR A, ARSIl E
JRU), 45 H 4k HL DR BDIR S VPN A3 70 K A A — X
[ EARSTEM S 77 Koo

K, = zhdi Sy (1
i=1

=ihci .Sci (2)

At by S, H R, S, A BZRRTRS R
SRR 5 K B BB T AR AL, 4%
(1) QUEATZIN, 4 B A skt (s
BRI 14 K, LUK o R A 0 748
K

K=min(K,K,) (3)
WG, Bk ORI EIRAS VRO A
IR PR A A 2 ,Wﬁﬁﬁﬁﬁﬁﬁhm%

ARSI 73
2.3 FELRTSRIZRIZFIE
FRAE 4k LR A BRSP4 I, 45 BIRE
PN IK, I A Y AR A B SR
N3P, F R AR B ORGP 18] B R ARES VPO &5
% WRYE DRI AR VN (A3 00 KA, R 4k i fR3 (14
AT N I FEREEATIRES, 74 A
& 3 GERIPERATRIZ KRR
Table 3 Maintenance strategy of interval state of

protection relays
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Fig. 3 Device temperature rise chart in accordance

with the “comparison method”
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Fig. 4 Device temperature rise trend graph in accordance

with the "trend analysis method"
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Fig. 6 Hardware block diagram of the received

optical power detection
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Fig. 7 Hardware block diagram of the lasers

operating current detection
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Fig. 8 Online condition-based maintenance

system of protective relays
5 45k

2k v ORI A LR SR8 A8 2 R W 52 ek b I
13 TRUIFIIBOR . 1) KB TARR R RO s, 4
JFEAR L ORA BEAA1E TAE R [R] bl £928.5%, I
AENL N AT LUK A BRI B A TP B Ris AT
RESAERIBER L, $2m T IR B TSR,
2) $TF T AR FEIR LK, R4k f R 6 5
HARE L T BEL19.3%: 3) FLIFIBH| T “NAg0E”
M Az KA HAR, $e T R 2 2
EIBATKH-

Sk
(1] Zeary. T rlSEthan U Lk i O3 e & doe Ao

& A SE[I]. ) B ki &, 2007, 27(9): 71-74.

LI Hongning. Study on optimal maintenance cycle of

digital relay based on reliability analysis[J]. Electric Power

Automation Equipment, 2007, 27(9): 71-74.

(2] VRS, Edh, mlE, & R IRSR B EORIE TSR

R[], HRIHA, 2000, 24(8): 48-52.

XU Jing, WANG lJing, GAO Feng, et al. A survey of

condition based maintenance technology for electric

power equipments[J]. Power System Technology, 2000,

[3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

24(8): 48-52.

RN, ERAR. WA R A RSB VEAL 2 R 4t
ATFFE[I]. 4% 2, 2008, 36(9): 54-57.

SONG Renjie, WANG Xiaodong. Research on assessment
and analysis system of condition-based maintenance for
power transformation and transformation equipment[J].
Relay, 2008, 36(9): 54-57.

Ly A ORI A R G N B
SCHLI]. T RS H B, 2002, 26(7): 66-69.

AN Ling. Object-oriented design and implementation of
the state maintenance software system for transmission

lines[J]. Automation of Electric Power Systems, 2002,

26(7): 66-69.
FEAR, A AR R AR RSB IR

WEILE ). B ARG AL, 2001, 25(16): 56-61
HUANG lJianhua, QUAN Lingsan. Current status and
development of condition-based maintenance of high-
voltage electric power equipment in substation[J].
Automation of Electric Power Systems, 2001, 25(16):
56-61.

PHE RS HEARIRM]. dEst: KR )
HiRR AL, 1994.

CESAEBIE ) MBS M.
Abnt: FEEG Tk R, 1978.

JEAR rrEEVE TAREERIIM]. dbat: o E A AL,
2006.

EARER, BN, BRORIE, AF. AR ORY R E N AR R AL
A F BN 7 i3] O RE AL,
2012, 36(5): 11-15.

WANG Ruichen, XUE Ancheng, BI Tianshu, et al. Time-
varying failure rate estimation of relay protection devices
and their regional differences analysis[J]. Automation of
Electric Power Systems, 2012, 36(5): 11-15.

HOWES M J, MORGAN D V. =3k 854 K i i (1 7]
FEVESIRAGIM]. AEHAR, BE dbat Bl R, 1989.
MY, PhAE, BN, A& AR LAk IR
R BB AE R W 5 W s Wi B R [T]. ) RGRY S5
54, 2016, 44(20): 148-153.

YE Yuanbo, SUN Yueqin, HUANG Taigui, et al. Online
state detection and fault diagnosis technology of relay
protection secondary circuits in smart substation[J]. Power
System Protection and Control, 2016, 44(20): 148-153.
4 hE, B, TREAR, 55 HTPFISHIHRIES
R IS B2 W 0], W0 R 515
i, 2015, 43(8): 145-149.

QIU Jinhui, QIAN Hai, ZHANG Daonong, et al. Online
monitoring of normal behavior and diagnosis of hidden

failures in protection system based on PFIS[J]. Power


http://www.cnki.net/kcms/detail/                /kcms/detail/search.aspx?dbcode=CJFQ&sfield=au&skey=%e9%82%b1%e9%87%91%e8%be%89&code=
http://www.cnki.net/kcms/detail/                /kcms/detail/search.aspx?dbcode=CJFQ&sfield=au&skey=%e9%92%b1%e6%b5%b7&code=
http://www.cnki.net/kcms/detail/                /kcms/detail/search.aspx?dbcode=CJFQ&sfield=au&skey=%e5%bc%a0%e9%81%93%e5%86%9c&code=

-138 - &0 &GP DA
System Protection and Control, 2015, 43(8): 145-149. TEHC AR sl T R D). 0 R G A Bk, 2010,
(13] 7KI5EE, B, wHkEm], 4%, A8 AEAS ik i # — /K Jnl 34(14): 92-95.
BT Rl AN ] B RERY S, WANG Zhimin, CHEN Jiongcong, REN Yanming, et al.
2015, 43(10): 123-128. Application of network communication recorder and
ZHANG Qiaoxia, JIA Huawei, YE Haiming, et al. Design analyzer in digital substations[J]. Automation of Electric
and application of virtual secondary circuit monitoring in Power Systems, 2010, 34(14): 92-95.
smart substation[J]. Power System Protection and Control, (19] VFARIE, 3R H0CT A0 Bk ) 26 0084 70 2k T 12
2015, 43(10): 123-128. RSN B B3k, 2010, 30(6):
(14] THEFS, JKEEM, S2PEAE, 5. 2L TRSCHNTINAZ Hi sl 121-124.
R R RS G B R ONE]. W ARG RS XU Weiguo, ZHANG Liang. Design and application of
il 2013, 41(13): 58-63. on-line fault diagnosis system for network communication
DING Xiuling, ZHANG Yanxu, CAI Zexiang, et al. A of digital substation[J]. Electric Power Automation
protection method of abnormal information flow in Equipment, 2010, 30 (6): 121-124.
process layer network based on packet analysis[J]. Power [20] ViflslEl, M, gk, S 748 sk o N 25 00 15 2R
System Protection and Control 2013, 41(13): 58-63. [T RS ). RS A Bk, 2008, 32(17):
[16] =0, ¥R, BURR, 5. JETIEC61850M F e A i it 92-94.
LHHLIEDAS BT ] W RS A B, 2012, 36(7): XU Weiguo, JIANG Ye, ZHANG Liang, et al. Design
76-80. and application of the network communication black box
LI Feng, XIE Jun, ZHAO Yinfeng, et al. IEC61850 based in digital substations[J]. Automation of Electric Power
information model of switch intelligent electronic device Systems, 2008, 32(17): 92-94.
for smart substations[J]. Automation of Electric Power [21] 2R, WSz, f AR, 5988 s (5 M 4RSI
Systems, 2012, 36(7): 76-80. WA SR KR E /IR ()], 1 RS Aghik, 2013,
(16] FE4E3C, W&, kKB, 22 f s R & HWIED I IEC 37(11): 87-92.
61850 1% B A B 5 S L)) WL R4 A3k, 2012, ZHU Lin, WANG Pengyuan, SHI Dongyuan. Status
36(3): 81-86. monitoring information model and configuration description
WANG Dewen, DI Jian, ZHANG Changming. Information of communication network in smart substations[J].
modeling and implementation for status monitoring IED Automation of Electric Power Systems, 2013, 37(11):
in substation based on IEC 61850[J]. Automation of 87-92.
Electric Power Systems, 2012, 36(3): 81-86.
[17] Bk, R, E R4, 4. w K gRA g SRER: 20170327 BEIRM: 2017-09-24
BWIF[I]. RS Ak, 2014, 38(12): 100-106. 1'5%'%{'\‘ . o
YUAN Hao, QU Gang, ZHUANG Wkeijin, et al. Discussion u+3§5£ (1973—), 5, LFAE, HBAZALARIT,
on condition monitoring contents of secondary equipment ERFAT QKT £G4 ORY . E-mail: 13905608638@
in power grid[J]. Automation of Electric Power Systems, 139.com
2014, 38(12): 100-106. (i B i)
(18] EVAE, BRMUEE, (RS, 5. MLRImfE il ki R4



	DOI: 10.7667/PSPC201742 
	继电保护在线状态检修的应用和探讨 
	Application and discussion on online condition-based maintenance of relay protection devices 
	2.1 在线状态数据采集 
	2.2 在线状态评价 
	2.2.1状态评价原则 
	2.2.2继电保护健康因子状态评价 
	2.2.3继电保护状态模拟量 
	2.2.4 继电保护间隔状态评价  

	                        (3) 
	如式(3)所示，取继电保护装置状态评价和二次回路状态评价的最低分，作为本继电保护间隔的整体状态评价得分。 
	2.3 在线状态检修策略制定 
	3.1 在线状态检测 
	3.2 装置运行环境状态量检测 
	3.2.1环境状态量检测的必要性 
	3.2.2环境状态参数数据的评价方法 

	1) 聚类比较法 
	 2) 聚类趋势法 
	3.3 光纤通信器件的状态检测 
	通过ADC通道采集RS采样电阻上的电压信号，可以对接收端光功率进行在线检测。 
	3.3.3光功率发送端状态在线检测 
	3.3.4光纤通信器件的状态评价 

	ZHU Lin, WANG Pengyuan, SHI Dongyuan. Status monitoring information model and configuration description of communication network in smart substations[J]. Automation of Electric Power Systems, 2013, 37(11):  87-92. 



