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A Eigenvector Centrality Method for Fault Diagnosis of
Power Grid Based on Recording Starting Data

Liao Xiaojun'?, Feng Xianzheng’, Zhang Li*, Wang Xiaoru'
(1. Southwest Jiaotong University, Chengdu 610065, Sichuan, China;2. Sichuan Electric Vocational and
Technical College, Chengdu 610072, Sichuan, China)

Abstract : The graph signal modeling is carried out based on fault recording starting message, and based on the improved eigenvector
centrality algorithm, the diagnosis method for power grid fault is proposed. Firstly, the fault wave network diagram is constructed
according to the fault recording starting message of relay protection and fault recording master station. Secondly, the analysis
method of graph smoothness is used to judge whether the fault occurs and to identify the fault type. Finally, based on the
improved eigenvector centrality algorithm, the fault component is identified and visually displayed. The validity of the
proposed algorithm is verified by simulation, which is helpful for the regulators to quickly analyze and judge the situation of
grid fault and to collect the important fault recording data for analysis and checking so as to improve the efficiency of
recording analysis.

Key words : starting message ; smoothness analysis of graphs; eigenvector centrality; intelligent diagnosis of fault recording data
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Overcurrent Protection Configuration and Setting Scheme for Distribution
Network Considering Distributed Generation Supply Access

He Ming', Yang Qi', Chen Hongjing', Wu Qiong’, Wang Liping'
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Maintenance Company ,Chengdu 610041 ,Sichuan, China)

Abstract : The fault current of distributed generation is non-linear and intermittent, which brings challenges to the setting and
coordination of the traditional three-stage overcurrent protection in distribution networks. Aiming at this problem, the control
strategy and fault characteristics of inverter-ubased distributed generation are analyzed, and combined with the positive sequence
fault additional network, an overcurrent protection setting scheme suitable for the distribution networks with distributed generation is
proposed. The scheme firstly uses the idea of adaptive protection to design the main protection setting method, and then the
overcurrent relays on both sides are used as the near back-up protection for the faults occurring near the other terminal, and
finally the definite time overcurrent protection is used as the far back-up protection for the entire line. Simulation results
based on PSCAD show that the proposed scheme can reliably and accurately identify the faults with different types and locations.

Key words : distribution network ; overcurrent protection; adaptive setting value; back-up protection; distributed generation
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Research on Optimal Low - frequency and Low — voltage
Load Shedding Method Based on Hybrid Model

Chen Jun', Lu Xu®, Zhao Zihan', Xiang Bo', Zhu Xiaohong'
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;2. State Grid
Neijiang Electric Power Supply Company, Neijiang 641003, Sichuan, China)
Abstract : Taking load shedding in low-frequency and low-voltage situations as the research content, an optimal low-frequency
and low-voltage load shedding method based on hybrid model is proposed for load shedding under the condition of ensuring

voltage stability. The hybrid model combines genetic algorithm with artificial neural network to select a suitable load bus for

load shedding under the condition of ensuring voltage stability. The experimental results show that the proposed method can

minimize load shedding in low-frequency and low-voltage situations.

Key words : low-frequency and low-voltage; load shedding method; hybrid model
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Application of Regional Protection to Distribution Network and
Its Setting Analysis Based on 5G Communication

Liu Qi, Li Wenjun, Peng Xiyun, Zhang Zijian
(State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract :5G network provides a communication platform for the information interaction between switch protection devices of
distribution network. In order to solve the risk of leapfrogging caused by the setting mismatch of traditional overcurrent protection
setting value of distribution network, a regional protection scheme for distribution network is proposed based on 5G communication,
and through the actual application carried out in Chengdu distribution network, the feasibility of the proposed scheme is verified.
Firstly, the architecture of 5G regional protection in distribution network is given. Secondly, the action logic of 5G regional
protection in distribution network is analyzed, and the fault is located based on the combined signals of overcurrent and direction
signs of the switches in the area. Finally, the setting calculation principle of 5G regional protection in distribution network is given.

Key words:5G; regional protection; setting calculation
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Generation Method of Commissioning Strategy for Secondary
Equipment in Smart Substation Based on SCD File Analysis

Zou Jingxin, Liu Xin, Yuan Mingzhe, Lu Yinpu, Zhang Shuai, Li Xuekai
(State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract : The commissioning of secondary equipment in smart substation is the key content of operation and inspection work.
In order to improve the quality and efficiency of maintenance work, the research on automatic generation method of "one-click"
security measures and commissioning items of secondary system in smart substation is carried out. Combined with the engineering
model in substation configuration description (SCD), the SCD file analysis method based on XPath technology together with
DOM method is constructed. The analytical method is used to obtain the relationship between the secondary circuit of smart sub-
station and security measures and commissioning items. The automatic generation method of standardized operation book
based on SCD file analysis is proposed, and the execution process of automatic generation of " one-click" commissioning
project is formed. Finally, the effectiveness of the proposed method is verified by a pilot project, which has a practical
guiding significance for the standardization of maintenance of secondary equipment in smart substation, and has broad
application prospects.

Key words : smart substation; secondary equipment commissioning; SCD file analysis; " one-click" strategy generation; security
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Coordination Decision Method of Multi-level Dispatching Plan
Considering Renewable Energy Accommodation

Zhang Guofang' , Yang Xiaolei’,

Sun Yongchao’

(1. State Grid Sichuan Electric Power Company , Chengdu 610041 ,Sichuan, China;2. State Grid Chengdu

Electric Power Supply Company, Chengdu 610041 ,

Sichuan, China;3. State Grid Sichuan

Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract ; Building a new power system with renewable energy as the main body is an important measure for carbon neutralization

and carbon peaking. Aiming at the unique characteristics and cost model of renewable energy, in the current multi-level

dispatching plan coordination mode of large power grid in China, a bottom-up multi-level dispatching plan preparation

scheme is designed in order to avoid the lack of consideration of provincial grid constraints based on power transactions in

the preparation of cross-regional and cross-provincial tie-line plans, which may lead to the convergence of provincial grid

plans and require repeated circulation and modification. Considering the renewable energy accommodation, the tie-line plan

is taken as an adjustable decision variable, and considering the operation constraints, the limit capacity analysis model of

provincial network transmission or acceptance is established to solve the boundary conditions of the tie-line plan. Finally,

according to the boundary conditions, the tie-line plan meeting the provincial network constraints is compiled. The effectiveness

of the proposed method is verified by an actual power grid example.

Key words :renewable energy accommodation ; tie-line plan; dispatching plan; economic dispatch
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A Method of Small Current Grounding Line Selection at Dispatching
Station Based on Improved Entropy Weight Method

Yang Xiang, Tang Jun, Zhou Yang, Duan Dengwei, Yang Xiaolei
(Sate Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract: With the increasing proportion of cable lines in urban power grid and the application of arc suppression coil, when
single-phase grounding fault occurs in resonant grounding system, it is faced with some problems, such as difficult line selection,
long line selection time, a large number of power supply services and safety risks. A method of small current grounding line
selection at dispatching station based on the improved entropy weight method is proposed. Firstly, the grounding phenomenon
of small current grounding system is analyzed. Combined with the actual operation experiences, three line selection criteria
suitable for the dispatching master station are proposed, and the reasonable fusion is carried out with the improved entropy
weight method. Secondly, the dynamic compensation method for resonant grounding system is proposed, and the corresponding
line selection flow chart is formulated. Finally, the selection method is deployed on the D5000 system at the dispatching main
station of Chengdu local dispatching and verified for a long time. The results show that the proposed method has a remarkable
effect and solves the line selection problems for resonant grounding system at dispatching station. It shortens 95% of the mean
processing time for single-phase grounding fault and effectively improves the processing speed and accuracy of single-phase
grounding fault, which has good application and popularization value.

Key words : dispatching master station; small current grounding line selection; resonant grounding system; improved entropy

weight method; dynamic compensation method
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Design of Second Access Network of Regional Dispatch
Data Network Based on Reliability Optimization

Huang Xianbin', Deng Zhisen’, Yu Xianmao®, Liu Xunyuan', Peng Hao', Dai Chenxi'
(1. State Grid Tianfu New Area Electric Power Supply Company, Chengdu 610021, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract : As the main data transmission channel of power monitoring system, the reliability of power dispatching data network
directly affects the work related to power grid regulation. The construction of the second access network of regional dispatching
data network can effectively improve the performance indicators such as data transmission reliability, automation channel
availability and network security. By analyzing the reliability of equipment redundancy, routing strategy and node deployment
location, a network reliability calculation method of regional dispatching data network is proposed. Based on the optimal
network reliability, the design principle and process of the second access network of regional dispatching data network are put
forward. Considering the existing network structure of dispatching data network comprehensively, the number of new nodes of
the second access network of regional dispatching data network is obtained, the redundancy reliability analysis is completed,
and the private network routing strategy and public network routing strategy are analyzed. The high reliability routing strategy
scheme coordinated and unified with the existing grid structure is obtained. According to the topology of regional dispatching
data network, the reliability calculation methods of different nodes are obtained. By adjusting the node location distribution,
the alternative design scheme of the second access network of regional dispatching data network with high reliability is obtained
too. Finally, the design scheme with the highest reliability is selected through service verification.

Key words : dispatch data network ; second access network ; business access; network topology; design principle
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Research on Intelligent Data Verification Platform
for Substation Domain

Yin Pancheng, Mei Yilei, Cao Ke, Li Xuekai, Zou Jingxin, Yuan Mingzhe
(State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract: The core idea of Ubiquitous Electric Internet of Things ( UEIOT) is to excavate the value of power grid data, to
provide decision support for power grid business, and to help with the efficient operation of power grid. Substation secondary
equipment extends to every node of system network to collect and produce huge amounts of data, which is an important data
source of power grid. Therefore, the correct perception and efficient verification of data information will be the foundation of
building UEIOT. At present, due to deviation of design concept, faults of manufacturing process and cost limitation, there is
a blind area for monitoring the operation conditions of secondary equipment sampling system and parameter storage in substation.
Once the failure occurs, a large number of erroneous data will be generated, which will lead to potential safety hazards and
failure of upper management decision-making. Drawing lessons from the core connotation and framework of UEIOT and aiming at
the correctness of protection data, measurement data and device parameters, an intelligent verification platform for substation da-
ta is established. Real-time detection of secondary equipment data sampling and device parameter storage system is realized,
which guarantees the reliability and validity of data perception.

Key words: Ubiquitous Electric Internet of Things; secondary equipment; data correctness; intelligent verification platform
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Investigation and Handling of Front-end Network
Problems Based on OPEN-3000 System

Deng Ping, Su Shenghao, Hu Zewen, Gui Xinkai, Zheng Hongji
(State Grid Liangshan Electric Power Supply Company, Xichang 615000, Sichuan, China)

Abstract; The front-end system, as an essential part of dispatching automation system, plays an important role in data
transmission between master station and substation. A fault handling case is investigated when all 104 channels of single
plane plant station exit in dispatching automation front-end system. Through channel comparative analysis, network topology
structure test, software and hardware troubleshooting of key equipment and other technical means, the fault point is located and
the problem is solved eventually. It is the first time to propose the familial defect in logic judgment program of front-end server,
and its targeted treatment plan is given, which can provide a reference for automation professionals in other companies when
dealing with the front-end server failure.

Key words : front-end system; fault handling; 104 channel; automation
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Key Technology Analysis of 230 MHz Power Wireless
Communication Based on IoT-G

Zhao Xiaokun, Gao Jie, Guo Bingjie, Zeng Jian
(State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract : With the development of power grid technology, traditional power grid is gradually moving towards energy Internet,
and wireless private power network can fully connect to smart power grid, which has gradually become the foundation of energy
Internet. Firstly, the matching degree between the 1oT-G 230 MHz key performance index and the core business of State Grid
is analyzed. And then the key technologies of I0T-G 230 MHz power wireless communication are analyzed, and the nine technical
advantages of 10T-G 230 MHz power wireless communication technology are summarized. Finally, the current application
and future development of I0T-G 230 MHz are respectively introduced. Through the analysis and introduction, it can be obtained

that the key performance index of IoT-G 230 MHz is highly matched with the core business of State Grid, which provides

F44E FoH

suggestions for the development direction of 10T-G 230 MHz power wireless communication technology.

Key words :smart grid; loT-G 230 MHz; power wireless communication; wireless private network
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Intelligent Inspection Method of Transmission Line Based
on Heterogeneous Internet of Things

Shi Sihong, He Xianglong, Wang Fu, Wang Qiang
(State Grid Ganzi Electric Power Supply Company, Kangding 626000, Sichuan, China)

Abstract : In order to solve the problems about poor reliability of sensor power supply and difficult data transmission existing in
operation and maintenance of transmission line in high altitude area, a intelligent inspection method of transmission line
based on heterogeneous Internet of Things (IoT) is proposed. Firstly, the sensor power supply technology of wind-photovoltaic
cooperation is studied, and the reliable power supply of transmission line monitoring sensor in high altitude area under harsh
environment is realized. Secondly, the heterogeneous IoT for transmission line is established to realize the data acquisition of
transmission line without mobile signal sensor. On this basis, through analyzing the collected data samples by deep learning,
the intelligent inspection of transmission lines is realized. Finally, the proposed method is applied to a 110 kV line in no signal
area, and the results verify the effectiveness and feasibility of the proposed method.

Key words: transmission lines; heterogeneous network ; intelligent inspection; wind-photovoltaic cooperation; sensors; reliable
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Preliminary Discussion on Source-grid-load-storage Architecture
and Key Technology Based on 5G + Cloud-edge-terminal

Cooperation in New Power System

Xu Peng', He Lin’
(1. State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China; 2. State Grid

SichuanlInformation and Communication Company, Chengdu 610041, Sichuan, China)

Abstract: The construction of new power system with low carbon and high efficiency has brought new challenges to all links of
source-grid-load-storage (SGLS). Facing the operation requirements of power system under the new situation, a SGLS architecture
based on 5G + cloud-edge-terminal cooperation and its key technologies are proposed. Firstly, by analyzing the technical
characteristics of source, grid, load and storage in new power system, its main changes and characteristics are clarified.
Furthermore, the technical concept of 5G + cloud-edge-terminal cooperation is proposed, which organically combines with the
original information technologies, and a technical support platform with vertical connection and horizontal interconnection is
constructed. Through its application to SGLS collaborative operation of new power system, the connected chain relationship
of power grid between source, grid and load is expanded into a multi-dimensional network relationship with horizontally
connection and vertically cloud-pipe-edge-terminal extension in various fields, which overcomes the limitations of traditional
source-grid-load technology. Finally, the key technologies under the proposed architecture are analyzed to clarify the development
requirements of SGLS technology of 5G + cloud-edge-terminal cooperation in new power system, so as to provide a reference
for subsequent technology promotion.

Key words :new power system; cloud-edge-terminal cooperation; source-grid-load-storage; key technology
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Research on Transformation Scheme and Key Technology
of Electronic Transformer in Smart Substation

Li You, Yan Wenkai, Qin Jingshu, Zhang Chao
(State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract ; At present, the type of transformers which are in operation used in an early 220 kV smart substation is electronic
transformer. This type of electronic transformer and its supporting secondary equipment are intelligent equipment produced in
the early stage of technological immaturity. The device itself has defects. In addition, it has been in operation for many years,
and its working conditions can not meet the requirements of stable operation, which lays hidden dangers for the safe operation
of regional power grid. It is urgent to carry out the commissioning, rectification and transformation of electronic transformer and
its supporting equipment of the whole station. Aiming at the preliminary preparation of transformation and the key technical
problems in the transformation process, solutions and thinking summary are put forward in order to improve the safety, feasibility

and technology in the transformation process of smart substation.
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Key words:220 kV smart substation; substation transformation; electronic transformer; transformation scheme

0 31 5

UTARR, B RES LU B B H B RT 5 BN
B REF P BB A AN S . (HOR, B AR AT L 4L
AREEEA Wk 2R N iR AR
JC B REL S 1 e T S B SR R Sl S, U
e PG B RS R . A UL R R
e PR RETIE A S M AAF LA RE AL L ol 15 2
TIHZIRY o AR O B R A R R
Z AN, AR T AL LR o Ut ] S PR, 1
BATZAF R R TOARUE IF H e &, =&
SN L ) 22 AR 1B AT

Ry T 3k PR R R B S e H RS A
AT UV A HL s 0 LS A T A AT 5
7o HEATHL 2R S A5 B 31— (] 1)
B R KB G IR ROC R DL N — R
WA BB ek TR AR K, LA T
VEAR AR H A1 D0 T EAT , X OARIKE DL K
MU 22 55 B R

] PN G T8 B2 PR3 B 1) 28 36 1 0, T R
T O 1Y AE L B AR 2 L IR S5 T ), PRI
AEAZ HL I G J7 58 R T 1k DA SBR[ s
—AEEMBEFT T W 2 A 220 kV
FaeAy i vl iy 7 30 5 R #F (electronic current and
voltage transformer, ECVT) i i3 #2, E B T



6

=i, S BRTRATFERRMETRRXBRATR 75

i i e R E R T S IR T A A RO B
FE R FAN S i TAE SRR SR 15

1 AR st IR

220 kV Sl A JE PG RS X e R4S 1R e
ARl [l IR IR AR A, AR HL il A ]
(1) ECVT, JE4E Kk & 2 R A4 B G F 50T . 58
I ) g7 g o NS SN A T
PE. HHETZ EVCT B A ) K &4, T ]
FHRY ARG I T A # TR B XERE

R T YE R DX M ) e R e s AT, T 2020
46 HIFEHE T4k ECVT B T4E, B 4ol (i f
2R RS AR R A o

2 PEERITR

At 12X RS G A 203 TR R 4 T4
R, BRI 7 SR BT 25 R T MERE PRI IR R LA
BB HL b 2 O B A B R IR IR N e, O i B A
IRARVE /5% FE I ) 246 /M= H Y L 8 Dt LA T AR
2.1 BUSHREIE

DA Seri i, Je Tl b 0 S8 s A7 el , B et Ay
P I ] B At , PR RS 2% ) B 18— e AR s, 5 S
S0 1) o A3 P 9 AR B FEL T [ e % [ B 1) 5
L5 EEL A ) S B TR AT DM, (LR X B8 Pl s g
T N AR SR L AT ST . HORHE iy A E
AR B R i 72X H T B % #8 ((electronic voltage trans-
former , EVT) J H Yk [m] g% 1 [R] BeF , e B2 55 0 PT
TR e A S A T e AL
2.1.1 #ABEFF

1220 kV HURSEFCON B, T IS A LI 4 Fifr

1)220 kV A5t 4700

AR IFP LI 30— I 220 KV B s 4
15 LSS St A 0] H - R R P G RS
— KB A HAE , FHRS 4% 0] B A S A, e S
B AT A A G

2) —BER S W L PT, 55— BEZR AT
EVT 47,

PASE A TRF EVT Sy, S5k T BR45 e, B Ay 1]

bl 0 BFsfT, FK 1 & EVT 540k % 8 PT,
[ BRI 220 KV BEEX B % 5 | B8 25 1 O B 4 2
B AT, E, e R RS B TR
2 i AR g il LR B HE J5 i o 1R A T B i o
BUR , FEAT TTRE EVT 540 T AR,

W e B EGE AT, BTk A 1 5o H R4k
) 1 BRI A R AR kI8 U o
[FIE, IH R A I oot HAE RS [ R, 1 REd
Jeil s IS . R, X 220 kV BEZkis
1377 A 23K 220 kV BEZAE 11 PT MGEHTE 1T
75 SR FIEFIE AT , BRI BT B BORAS

3) Ji EVT e Ao , Bl # M PT 45 IR .

B 1 BRE T BER L PT 2225 F 2% FH 1) i 7
EVT {J5 7€ i FRES H] B A sl . % L PT 9k
] % K 220k V BRERWT EE A% | R 25T 5C A7 B 4 A KB
LAIFHIT, BHH A B ERL Gt 5
ORI Bl 45 AT B2 G T FR T . 1o ) P i
SERUE  PRBR EVT K5 M PT 224 (v B A5 FH 1) B
LGN

4) YRR EVT b5 &%, 5 H PT £ J5 k75 25 007
LR, 5 EVT [FRHETT.

Jets 1 BobkZ Kooy Be 212 Wik s, BT A () B 421
Z T #izfr, 16220 kV I BBk PT [a] fR Rl fEL
WETE A, LAEHE AR S EVT IFGE AT, R4
EVT 4682, anie 1, I8 UK R) Oy 202885 o 0
PT, B HL PT R [l ji 2 220 kV BRI 45 B8 25
TR B NGB B G I IRIT, 5838 B BB IT 5
JUYIRE . Jo I B A R el B BT B R S 9 BT
o IA] PR 0 5 iU, PFBR EVT, Qi 1 s,

If

1T8}

218 | 228

I =
| =
S
S
=
I
2y
1

I
o] T o
ln%l IFF:I % % %
212 R | 4 4
| i g | ] ie] i#]
| || ﬁ e B

I

/

PR
Hl BEEEERSETHX
2.1.2 #AE G EA
XF LA AR 4 FhisoE 7 5, A4S 5 T

] Gl
) S|

b3 |

¥

b3



76 IR A A

BB

HAd k1 FR.
F1 4 MARMELR

5 e B

) e B AR

1) 45 FL i LG, 2 ) v,

i
g1 MR Rt
2) ARG BRI ns e
R
DA
e ALK
Jrga DEVT HHREE IR AR 0 132 17
4‘(}\1’?‘% tn 2y
e
) L TR 1) BRER EVT 5 R 2k
FESLHORAS e A (L P

T3 TEWM PT HAGREHE  2) %K Rl PT B 5 PT Ji)

B Wi, i P A 22 2 H AT 0
2) it L AEREAR it

1) PrBR EVT 75 2 £F 28 71
D)X F 220 kV #2021 iE

Tig4 JruRRkEOR

2) EELTAE

2) B T P 5 % 1
g R R
R

MRS 1 AT, 4 Bkl O R A HAL S . ot
— LS R vl L AR A, T R R R
TS5 R MR 2 ARG LA, BEER AL T B S A
AT RS E PESE SE PR 00, FIWT T 58 4 AT 5
PO RS 1 Bt M DA S PR e s L o
AR BB A TT %
2.2 HEXHAZRE

TERE TRIR EVT BSOS I 5805 , (8 AT LU 2
AR R B AR, A 224, Qe 2 Bl

i e (TfEmE)
R IR E PR E
%%?c%é“%“iﬂPT&%
BEE HET
ﬁ@ﬁﬁﬁ%
N BREBNPTRA
BB B FRECVT
. BEHBETHRER
220 kV [BIfR4L 1S ey
EHB35 kVEHKEVT
35kV I E4RiZ 35 kVIEIRR IR IPEOE
BT TEEER
O 2 ECVIREH BTE
FE=EER (R
220 kV I/ $REREVT
ﬁ&ﬁﬂé@ SERL BB EIRREE

2 MUSETIEIRRE
IR E AR FE 2S5 35 kV 343 TR e el , (H
18 35 kV AT I A AR 4 s 5 A0 P A N ] A

(st T DA R 22 2 9 X788 0 e 2 ) ) 45 R I
[6]) , B AR Hs g K Y A7 J0 ik 6 e a0 e 5 I 30
[E1) (g 8 BT 2R, 3 22 35 kV AR 3o T 38 e e
[ o 57 PSS , DU B2 BRI SE A 35 kY G T4

PR R R A K, AT SR B R0
TG 2 220k V BRI B PT (8] B [) e ek i, 2241k
TESS 2 YRR RLPRER EVT I, [ 2E1T 220 kV &
WK I P ke i

3 O LA S BRI T

BT H ol A JE TR AR A L, A
SR ZE R RSB , 7 1 S0 24 H 3l 1 R
W28 2R HEA T

FE 220 kV 2 A8 BT B, — /B i 220 kv
I I BRI 2256 8 433 F A% 220 kV 1) A B EHE2k
1,220 kV 2% (A il e 8 F e AR [mE A B £k
HEEER

{FL H 2272 P 1 D A 7R 2 T 8 I (]
PEAFRE A B K, 220 kV RH],220 kV [
A BRI B G RZ A M, 220 kV A &
I I R 43 BiE 3 220 kV T I BRI 45 F A%
220 kV i FEJZE B W55 & M 458 2 A4
BHE R, 220 kV (1) B B EIFR BAR Lt
220 kV 1 B BRI 2 ARl B0 i 2 5 O
o AR N AR A 12 DN EELE
220 kV B Wit FRZ B RS 14 4>, WARASREH AP
A 220 kV B Wi A5 09 %HE 5 T O A BE i
T v M 1A B 4R o
3.1 FIAEBEEEEREITHESSH

EVT 55005 B PT [R] 0247 19 77 20 LL Ry
GRIMLESE R T 2 ANl 1) B B2 vl i 0 12
W5 2) Bk G I ITE S ok 1A%,

3011 #gEA YRR KB

I8 F 2 £ R A R B T Rk R
2, BB HA B EVT 588 T 2, 220 kV [R5
Py R R G IR ST LU, JEiki A 220 kV i) f&
B (47 1) H KBl Bl DR 1 1 R LR
S, TR R 220 kV 19 A B B LR S5 AR



6

=i, S BRTRATFERRMETRRXBRATR 77

256 SR B LML, 76 e ] s

R A it 190 28 235 A, %o s PR 0 2 R AT 4
Jei B BRI 45 e L A B R T, I
JEA 2 PN 26 SV B Wil B BRI HUE
3.1.2 #HFREFELLTRELE

IS FHINE O T PR B A SR 42 (HUBT i 1Y) B
BRH A IF TN G S AT I, TR
AT L PS5 AEHT B BRI G IOt E
AW E, — N EEALRZ B WA B EREEL
B RB L1 T B A8 00 B IE B AL SV BN HIE 5
—ANEAGTRRZE A W, AR LA
HITlES, W 3 fis,

FiE220kv BEREZ EWBEE RERIRK

EHBETHXES BIEXRTERES S
220kVB

Zz?n:;’h\' BEEE
s i
220 kVIZIEEAMIZZ R | | 220 kVIZIE/ZEBM 3Tk
#l #l
220kVBERZ%LEFH
BT

B3 220 kV B EBEAFHETILENELEN

[FIE, PANZE I 11 430 5 T AS Tl 4 1 | 3t 2
CEZEH R F] /N30 ) H K S 35 RS it ) 5
15.7. 1.5 ZoME : AT — B AR 9738 B A Dy 85 40 LT
PRRCE A SRR Z W 4 . Qb Zi s WU i 17, W
IO SR B AR it , 7 s 7 L DR ) 4 DR 2 D R[] e
M LT A e 5P 7 P 4%

TE 220 KV [ B 457 H RT3 0 PRS00 I 428 2
BT 220 kV 110 kV I R JZ M 4% B M %
A BIICARR B {5 5 1 AR,

3.2 ETEHRFRIPEXMENEEAD S

HRAEFE TR, 35 KV 3 Bt 78 2748 Fe i it
ZHITE . BT IR T —ATC ik G ) . 35 kV
e B M SE RS , BRER LR E i EVT 2k & B B %
i (AR A A - AT A s, 8035 kV HL TG
Pl Y [ TR B A AT X Tl

TR BERS o, 35 kV/10 kV B JE i 3 38 5 48
FE s BB AIFT0 B AL 2 A AR R, R iR
BB IFHIT, R BRI E X

HEATHERE

BEXE EAS R AR ARSI AN PT 4R 4 ) 5, m]
AT 1) AV B R0 A AT PR T e LR I -

D) RS # P4 2k 25 1 A 43

Q/GDW 1175—2013( 7% Hs ¢ | i H T 16 A e 4
FIRELR AR Kl Bl 4 b v AL T ) A0 A S it
T, A8 FR ARG A DR & 3 I 3 AN o P
DN ARG 45 07 1 4 1 BE R, ELARE DN O = fA B 4
2, TR S A3 s g AP s 0 A7 % 97 L )
A LIRS SRAR AN & 07 10 D RE o R A8 G R v
551,25 ZUIRARLE : ARG & B AR ik
BB, o, T BUss Iy 1) A 728 R a0
MG /NS AR L o T BEASHE Jy 1) 728
e A BI5 AN ER & NEOR 2 U

i 2 B FAESHMVE & 2 Rl AR A I
PR, % A A B R S T AR

2) G &R R L5 R A8t

2l 2 B F R AR G TR AN 2% 2552 Fe 4]
Bl LT R

1SR4 AREM PT Wik Jm , A0 ( 30443 30)
02 R I AR R 2 B e s

2 SO AR S &R, A (30453 32)
KA PT W, iR R 9 5 RT3 A SRy 4l
SURTTN S /a

HR A 728 2 A DR AP SR, Y 5 & OR3P
T P (L A AR AR, T LR H A R PR BT R

1) 7EE U ff i R iR 8l 5

2) FEREER IR I BE G AL R B 19 2R, AT RE )
ikt

oV R IR A A TR AR R O B s S5 /N P 37
1836 A, il ide & 53 1] 35 kV T 2K fffim /) T 3
ANBCRE LR, NAEAE A AR IR Sh B T o

R 3R AT, fE TR PR T AR AR
35 kV HLESE AR, A et A HL A 0 42 K 40
TEALBIR B RS R E S P E iR,
3.3 ZBERIPEERBRAENRP IS

R4l Q/GDW 1161—2014 £k % O 41 e i By 3¢
EARMEAC BRI ) 565 11,2 J 3Rk S & fb i 1)
el g, 2 R DA IS AT AT, RUREZ 2 4 6 [



78 IR A A

BB

HAEBC AR PT, iz /R 1] 7 X 8 220 kV
BREAS L, BTSRRI, 2R ] =
FHECVT, PRI #E K ot wif e PR i BE 2, TR 30k
Ak

B RT 220 kV 2B R Y HL TR ] =AH EVT H,
JE, BEZ A AHHL AR D O/ 35 IR [ A P . fRd
T HL T B PTOH TR 45 1 5, [) 6 2 35 1]
Jr A RETOE” R [ O AR AR 1 0 SRR,
PAES I

G T ,220 KV 2% (] B BT R
2R BRI L A L 2 e R R o DR i s B
220 kV RRZEH s, PR 4 84 ) [ S50 P46 B v 2 =X
H s B e L T o G P3G J 20 s I B AR DR T
FEREE SRR L TR IR B PT L R 45 7,
SO, HUEBC B PT HL ™ 51 =7 19 TR 1 %
TORI A B

1) PT Wk Hl 4 A [m]

i i AR ORI G 5t 5 s m) AR IR AR AL
FRORAP L FE A B PT 0] i) R 25 18 = AH L e ]
HAVNT 8 V,IEFHE/NT 33.3 V & 04040, A
1SR AR BT S i R 2 A e oo, iR 25 % B AT —
FHAE W TC A Sl ok 1] 07 5 40k Hh 48 AN sh VR IS, T 4E
I 1.25 s 4z PT i<k,

v A I AR e S IR R ZEAR B A A I T AR
VERS,220 kV LRI AR AT BETC I ) PT Wik
HE.,

2) Prep B AN )

DL Endk O PCS - 931 Sy f3if, {47 vy, [ IR 26 %
PT i}, BB Ik BEAERT 25 ms, HCEELR PT A,
BHEAE R 2 10 ms, FEH RIEPEL M PT i), 4 it
PRAr G I 5 £ i PT 57 L 1) 27 A 1) i) B K, 4
H15 ms FEI 22 44 P e G2 3

Q/GDW 1161—2014 # i+ #yiw 223Kk, 2428 i
ERARBATI B Sl 7 f i R b R — B gh )
(4552 0.5 s IBGH T oo, AR /S SE— WA fij
AR ORAF, Al Bt I 7 2 W B AL T IR I i PT
InF, A AHI 2 e I B ORAr Ak 35 8] 5 AN 5 e, T
K FBEEL PT i a] i i 5 i F 8OBR Jr ) o NG —Ja
HAr# ) % ¥4 Q/GDW 1161—2014 St Mk

S B E PR oo
3.4 ZRAEHBETIRRYIEEAERS SN

AR H A 2l A = S B A
W Bl A e SE 3 220 kY W R )2 B &
BRI AR SO B R W BE SR (5 B o 7E 220 kV
BRI 212 Wik s ECVT B, Brill = C e A 4 %%
220 kV 28%,2 .3 5 AR 4% 220 kV ] & 35 kV
,220 kV #2369 AElfaR B 450,

HERRIC 212 B i A% B 45 I B0 AT I 4%
Jei s VAR e B« 5 S B0 R 08 D T ) o R A L i =
7 (GOOSE) A2 (v A5 5 Wl B 38 ™ . [ S i I
ME G B W R GERIFTCI%E] R (5 5 . 59 B
G50 TR B B, AR 2 56 ) 2 1 e
S )= S AL R T (T 3 114 HE A0SRy Sk MY
IR Pt R SRS E

AL S 11 Y T e B R 4 A
THEAL R N BRI — BT 5 SRR IF
BT ] TE A 23 A O BITE R S S LR A
{H (sampled value,SV) Jii e , SR G AEANET 4 PR

SV BAEIF
BR[| By

i HEHH
AL TR S RIEZHHL
NHER — REHHE
AR MO E

B4 ZHAEOREBHESR

1) 35 SV HER /N

SV e 3T iy it A4 - Sk Huhik ( HeaderMAC) |
HSEgk (PriorityTagged ) | 45 ST | 9 28 K dfa S 2R |
P TER RS (L4 4Bytes SRAF(EAN 4Bytes SRAE
i) JEFICRIZE (CRC) o 75 SV HMUER /M
sy 1|

V=H+P+E+H +Sxn+C (1)

VoA SV RSCEWUR /N H,y 3k Mk R/ P
RS RN E R SCH LUK R RUR /N Hy
P 248 R ST R BB 5 S Oy BT G SRR R s o ol
EH; C AL o

ARPE (L) ATRISRAT SV TR/ 12 + 4 + 2
+8 +8 x23 +4 =214 Bytes , H:H1 8 x23 F/nf 23



6

=i, S BRTRATFERRMETRRXBRATR 79

AN, AASEIEA 8 TR R

2) A I ROC A

B IFHICRAE ANy 4000 Hz, DY I H 4 0 04
iR Ew]

4000 Hz x214 Bytes =0. 816 MBytes

P FE ZE LN 220 KV e i TR RIS T L
SR, AR B S e ALl 8 s Al P A< 4 il 7 40%
ISF, X R T IR AC 441 (100 Mbits = 12.5 MBytes) $2 A
L 12.5 MBytes x40% =5 MBytes, [K 2% fEHi[q]
b5 BT ) — 4> SV R BB B0, S L
BHEAAET S AaIRE o BRIEE 212 8] 4 A 2 Fiy
[l — 2L i e A 9 ARl b, 15 8 T 28 #e L
i ™ R I T SR R T A

25 B RTIR , S 1 O R BUE S
B EREREERE, 55, ROt AT AR TR 1R
FERR AR O3 P R It 5 LUK, o — TR S
SRR, BT TR MU Sk i D A P TR N B
SEFRAEANE DL . BRIHEESR RN GO0 I 2T BT
I ) Sk o A7 A2 8 CRSORIAR S R 58 0 A g
Ik R J7 58 BN — ARG A2 S Il 22 i 4
MRLE . TR E T 2 SV IR & IF T R
Sy R JZ AL VAN it F, S 74> R 113

A LTIUAR AR, i Sk B T REATAE TR e il it
G I AR EOR AT IR A s T . — BRAE
SEPR BRI , W] BE A 7E O T B A (E S B R A
BTCHE Rk RO, R R R Rl iz
i3 A B A B T A — 2 2 T SRR TR, (RLAS
2B

4 4 ik

220 kV & BEAL L ki T A 1 UL AR D R
v LR B R S 40 LR ) O 22
otorfbt . 8 AL 220 kV SR BE AR Ll 4
ut AL UL AR B0 AR A9 T S8 5 T % L)
AR DR, S Hh T 1 o IR R R A v ol B
i R B MRS ) i PR T 5

FR, 4 [ A A 22 570048 A L o as 1T 4
FRARIYT , BRI I 1 L s 7 KU, PR A T e
P AR A AR P R A5 P T 5 KU A L IR B )
WFTEEAEAAT o AL AR B AL Loty 5 ML e 1Y

A5, % FUE Ak TARR M —E S %
e

S ik

(1] X226, Mg, AR e, 4. PN R L [T].
L) R 40 R E B k4R ,2010,22(1) 133 - 137.

(2] 2R WFHEGPIEID]. MR CROIE TR,
2012.

(3] XBmE, BUA. 5 BEAE iy il i 2T JR 28 e o T % e
I, HrE L F7,2016,49(2) ;180 — 184.

(4] X009, Z=4 i, X046, 2. A 2R RS £ R A 1
WR[J]. 75 HE %8 ,2013,50(2) :24 - 28.

(5] BREE, 4Re 5, 74, 5. 2 Al v il o g 7 2 R
AT AR S BT S R ()] R L g, 2014,
34(1):27 -29.

(6] BEt:, ik #E, WAL, 5. 72X g il S22 47
Mr 5 e A PERE R 7T [J]. A< 0 1, 2014,33(9)
104 - 108.

(7] #Ly. b7 UEEES G I RoTiat (D], P42 iy
LT K= ,2013.

(8] Him, NI, F 47, B AE AL An o O H B R Jo LA
TR ] ) R AR 540 ,2011,39(5) -
63 - 68.

(9] WA, JT FPGA fy 72 vy I B8R 5 JF B s i iF
FE[ D] B AR R % ,2007.

[10]  T&E3C, FF.500 kV 5 AEAR Bl — kA el 7 58
WEFEL . PUi e S A ,2016,39(6) :59 — 64.

[11]  BRZefs. IEC 61850 ZEAFmLuhi iy AN H[M]. 4t
A P E g R, 2012,

[12]  TECXIE, 2488, 5. 220 kV B ReZAE Ll A4
5 R [T ] i E L J,2016,49(12)
70 -75.

(13] whARUl, F 45, Fhrb R, 55, %5 AR AL e il 4 el R 47 8k Il
sz BFsE[ 0], shE e £y ,2012,45(8) .24 - 27.

1EE BN
& #(1986) ,B A EHRA, HEIETF R FT G

A R BARS
AXA4(1993), 8,5+, TRIF, ART QAL AR

YKL AR AP
FEAF(1993), B MR A, TRIF AL T @A 8

N RREB IR
KAL), F AT A, TR, LT @A

N1 RGBS

(Weks H#A:2021 -09 - 12)



Il E 7 A
80 2021 #£12 B Sichuan Electric Power Technology g44% FoH

BLT AN R s AT RO ORI B O Tk

W B,FRA,F B,FEW.E M.AEL
CEE R s S A RSB 2w, U1 R 610017)

W OEAMREI L RAARRA, ) B E R ALK R $E75 X, AR BB TR, AP K B8R K
ot EANR AR ERE, P BAME A BUG H AT FREBNF T ERB BB AT SR ERLITR

HARF, FHEBIT G 2 XA EFEF EA R KK é!(FﬁL’fJJFé‘iiikE;%‘-ﬁiLﬁﬂé-%%éﬁ#mi/’ﬁe PR B —F A A

KB B IBEATHARP EA T ik, A P ANEIEAMN ho IR Bk F BROE b 28 49k 7] 6 4, 52 BLAE AR K IR BE Bk B AN AR,

fREIEADE RIS PAANL R FHBA R L AT SRA L ERRKOPE, NS LT ERZAE 2T ERE, Ay

KA, fE AP ) AR TR A SR, T A ik S B AN, S ERK T A R B AN AP0 AR SR, = A0S

BB BAN, BRI, AFRRE TR S AN B BB TR E S FA

FERIR AN R B AT B AR AR AL S TRk

RESES.TM 732 XHFEMB:A =45 :1003 - 6954(2021)06 — 80 — 05

DOI:12. 16527/j. issn. 1003 — 6954. 20210616

Protection Coordination Method Based on Out-series
Operation of Series Compensated Line

Yang Xue, Li Fanhong, Li Hui, Li Feipeng, Wang Sheng, He Hailong
(State Grid Sichuan Maintenance Company, Chengdu 610017, Sichuan, China)

Abstract:In order to solve the over-limit problem of short-circuit current, Sichuan power grid often adopts the scheme of
out-series operation. When the line with series compensation( SC) is in out-series operation, the failure of the extension
side line will cause impact damage to the series compensation system. At the same time, the existence of SC capacitor
bank may cause the line submersible current and transient recovery voltage to exceed the original level when the line is
tripped, resulting in heavy breakdown of the fracture after the line tripping, which will cause system overvoltage reclosing failure,
delayed fault removal and even damage to the circuit-breaker. A protection coordination method for out-series operation of line with
SC is proposed, that is to install a remote transmission device on the side of line with SC to receive the tripping command of
adjacent lines so as to achieve the intertrip between adjacent lines and SC lines, which can suppress the potential supply
current and transient recovery voltage caused by residual voltage of capacitor after tripping of adjacent lines, and also ensure
that the capacitor bank is not damaged by impact. Field tests show that in case of a single-phase transient fault on the extension
side, the SC can be bypassed correctly, and the series compensation can be re-opened after the line is overlapped; when the
phase-to-phase fault occurs on the extension side, the SC can be bypassed permanently, which meets the engineering application.
The research results can provide a certain reference for protection adaptability of out-series operation of series compensated
line.

Key words :series compensated line; out-series operation; transient recovery voltage; intertrip
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Typical Defects of Secondary Circuit of 500 kV Circuit-breaker
Operating Mechanism and Its Optimization Suggestions

Xiao Bofeng
(State Grid Sichuan Maintenance Company, Chengdu 610041, Sichuan, China)

Abstract ; The application defects of typical circuits of 500 kV ultra-high voltage (UHV') switches produced by Siemens, ABB
and Mitsubishi are analyzed respectively. An incorrect action case in the test caused by the fault of N2 pressure control circuit
of Siemens switch is introduced, and a specific method to judge the fault through three-phase inconsistent transmission mode of
single operation power supply is proposed. Aiming at the misoperation risk of three-phase inconsistent circuit of the above three
manufacturers, the specific optimization schemes in field application are put forward. Meanwhile, aiming at the possible
abnormal phenomena such as opening and closing only once, opening and closing monitoring lights being on at the same
time, reclosing discharge and so on due to the mismatch of internal resistance of relay between ABB opening position monitoring
circuitand mechanism box trip-preventing circuit, an optimization scheme is proposed that the auxiliary contact and the
trip-preventing contact of circuit-breaker are normally closed in series with the opening-position monitoring circuit to automatically
disconnect the trip monitoring circuit after the switch is closed or the anti-jump relay is activated. Aiming at the defects that only the
first group of operating power supply is used for the lockout relays with low oil pressure and low air pressure in Mitsubishi switch
mechanism, which may lead to the loss of power of the first group of operating power supply and the loss of locking of the second
group of tripping circuit, an optimization scheme is proposed to add the second group of lockout relays with low oil pressure and
low air pressure in series with the second group of tripping circuit.

Key words : circuit-breaker mechanism; pressure control switches; three-phase inconsistent circuit; opening-position monitoring;

tripping lockout
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