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Short — term Optimal Scheduling Method for Combined Operation
of Wind Power and Hydropower Considering Uncertainty of Wind Power

Miao Shumin', Teng Yufei', Luo Bin®, Chen Gang', Wang Liang'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. Sichuan Energy Internet Research Institute under Tsinghua Univeristy, Chengdu 610042, Sichuan, China)

Abstract : Aiming at the output randomness and fluctuation brought by wind power integration, a short — term optimal schedu-
ling method for combined operation of wind power and hydropower is proposed. The uncertainty of wind power is considered in
this method. Firstly, the scenario analysis method is adopted to describe the uncertainty of wind power output, which con-
structs the corresponding relationship between wind power prediction scenarios and practical scenarios through a two — step
fuzzy clustering method. Then, the conditional probability distribution between prediction scenarios and practical scenarios can
be determined. And, the uncertainty of wind power can be described by the determined set of scenarios and its probability dis-
tribution. Finally, combined with the wind power scenarios, an optimal scheduling model with peak regulation as the optimiza-
tion objective for combined operation of wind power and hydropower is established. A association search method combined with
successive approximation method is used to solve the proposed model. Taking a region in Southwest China for example, the ap-
plication effect of the proposed method is verified.

Key words:wind power; hydropower; uncertainty analysis; optimal generation scheduling
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Research on Control Optimization Strategy for Co — generation Unit

Ye Chen', Li Hongjun®, Tang Zhidong', Cui Shuangxi’, Sun Kai'

(1. Huai’an Hongze District Electric Power Supply Branch, State Grid Jiangsu Electric Power Co. ,
Ltd. , Huai’an 223100, Jiangsu, China; 2. Maintenance Branch, State Grid Anhui Electric Power Co. ,
Ltd. , Hefei 230000, Anhui, China; 3. College of Electrical Engineering, Xinjiang University, Urumqi
830047, Xinjiang, China)

Abstract : Aiming at the problem that abandoning wind is still prominent because of the insufficient peak load regulation capac-
ity of wind turbine, the effect of thermal inertia of the system on the control of co — generation unit is analyzed. It is considered
that the follow — up of generation load response of conventional control system of co — generation unit is delayed for a long time,
which cannot meet the requirements of fast response and cannot participate in peak load regulation in real time, so an improved
control scheme is proposed to solve this problem. Through the Matlab / Stateflow simulation software, the results show that the
improved control scheme is significantly better than the conventional control scheme, the response of power load response index
is fast and the follow — up performance is good, which provides the preconditions for co — generation units to participate in grid
peak load regulation.

Key words :thermal inertia; load response; combined heat and power
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Research on Failure Analysis Method of Urban Power
Grid with Distributed Generation

Ma Ziqin, Liao Kai, Yang Jianwei
(School of Electrical Engineering, Southwest Jiaotong University,

Chengdu 610031, Sichuan, China)

Abstract ; Large — scale access of distributed generation to urban power grid will have certain impact on the fault characteristics
of urban power grid, and the randomness of its output will cause uncertainty of the fault characteristics. Aiming at the fact that
the existing random analysis methods do not consider the influence of output randomness, a failure analysis method for urban
power grid with distributed generation based on Monte Carlo method is proposed. Based on the probabilistic model of distribu-
ted generation output, Monte Carlo method is used for random sampling, and then the fault model under PQ control and low —
voltage ride — through strategy is used to calculate the probability distribution of fault voltage and short — circuit current. Final-
ly, it is verified with a calculation example. The results show that the fault characteristics of distributed generation connected
to urban power grid have probabilistic characteristics. The proposed method can obtain the probability distribution of fault volt-
age and short — circuit current, and can provide a basis for the analysis of fault characteristics of urban power grid and the se-
lection of setting values.

Key words : distributed generation; PQ control; Monte Carlo method; probability distribution
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Comprehensive Efficiency Analysis on Clean Energy
Accommodation with Electric Heating

Yao Jinsong', Chang Xiqiang"”, Yu Bing’,Guo Xiaolong®, Xu Jizhi’, Liu Bowen’
(1. School of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, Xinjiang, China;
2. State Grid Xinjiang Electric Power Co. , Litd. , Urumqi 830011, Xinjiang, China;
3. School of Electrical Engineering, Xinjiang University, Urumqi 830047, Xijiang, China)

Abstract; With the extensive development and utilization of clean energy and affected by various factors, clean energy has
been abandoned seriously, especially in the winter heating season in the north. Restricted by the heating of co — generation u-
nits, the thermal units for heating supply occupy the space of clean energy accommodation. On the one hand, the electric
heating method reduces the constraints of co — generation units and expands the space of clean energy accommodation, on the
other hand, it is also environmentally friendly. However, there exists many factors of effectiveness evaluation in using electric
heating which belongs to the secondary energy reuse. Aiming at the power supply mode of electric heating in urban power grid,
the technical and economic comparison between electric heating and coal — fired (gas) heating is carried out, several feasible
modes of electric heating are analyzed, and some aspects that need to be paid attention to in using electric heating are put for-
ward, which can provide a reference for the promotion of electric heating and the improvement of urban cleaning level.

Key words:electric heating; electric energy replacement; clean energy accommodation; comprehensive efficiency
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A New Three — level Sub — module Topology
of MMC with DC Fault Protection Capability

Chang Fei, Zhao Jin
(State Grid Xi’an Electric Power Supply Company, Xi’an 710032, Shanxi, China)

Abstract; The DC short — circuit fault protection of modular multilevel converter( MMC) is directly related to its application to
the field of flexible DC transmission and DC power grid. A three — level sub — module topology of MMC without any additional
protective power devices is proposed, which uses the sub — module capacitor voltage to close the intermittent flow diode so as to

quickly remove the DC short — circuit current. Finally, the DC fault protection capability of the proposed sub — module topolo-

gy is verified by PSCAD/EMTDC simulation.

Key words: modular multilevel converter( MMC) ; DC fault; sub — module topology; fault clearance
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%, g N E Y, R MMC 76 22V B i
LU L Y UsAS 2 T I BN o

HIRFET2AR LA (half bridge sub — module,
HBSM) () MMC 7E B it 4 % A e % B3 ) TG 1k R
FH A B it i 114 2ok IR ol L i vl 3, S HOA B
WO DR B RE o TR T A A B MMC
PN B AT B R BRAE ) (AL 2 2% L IR
AN HHLMMC (19 2 50 SCHRES -7 Pt i 2
FHF AT BEHR A MMC #6487 FRA% T 437 2
AR, Sl BMMC 1. 3 URE™ {88 Jin T B i
ESTH :FR QARSI A (51807135)

IGBT A1 #2 %,

IR Rl B B R BR R T 1 =P
T4 $M (enhanced NPC sub — module, E — NPC
SM) , HICHATAT B g o e g4, O BB 7E
5 ms DL S BB I H A ) PR T R

1 H A B A BREE I =P
ERES

1.1 ZHFEFERRINEY

LT HBSM [Fy M MMC. H T AR A S A0,
TCTE8 480 it A P BT s oA I T Rt 0 s L
Jb, FE T — A ERERE F I BREE A
TR, & 1 Fi. KBl E - NPC SM 5{&48
3L — NPC 44NN, FARER G Tkl B S 4 —
WA S AHE . 7358, E - NPC SM IGBT % Hi &
54545 3L - NPC 4R F MR, B0 v, /2,

<21 -



F4a43 B2 MR A Vol. 43,No.2
2020 44 H Sichuan Electric Power Technology Apr. ,2020

FEAS LWl o FiL Y0 5, S BB P T ) L TR
AU, M LR 4, >0 I, FESR I B

W 2Ce) Froi, TR AR ) F A e B v 2 R

& DL.D2 FIHLZE CL ARG, [ 2(d) 2 MMC PRI

oty R 7 P, A L S PR A A 2NV A
* DI D2 Fil C1 SHIEAE LB AR KVIL 2 Hmih
> (1) = 2N = [y (1) + upy (1) + gy (1) ]
(4)
I LSRR ug, (1) = U, /2N 2 H %
DI .D2 {HLJE AT 375 W
_ u,_ (1) = U,
uDl(t) + uDz(t) = N (5)

B 1 E-NPCSM Hy%#

E - NPC SM [y SRS Ak LR G R sk 1
Ft7R
#£1 E-NPCSM FRREMBHBEXR
(1:7F58,0: % H7)
W mRrPRAs S1 2 3« u,
BEA 1 1 0 0 ”7
TN 0 0 1 1 - ”7
YIBRIRAS 0 1 1 0 0
madks 0 0 0 0 em-l
1.2 BHhGpEshEE (a) iy, < OB, FASLH 1) B 300 38 i
L % S R A N S R P A A, LR e | | I
FEL I ) A T e A R ) Lk, AT e
i FEL A RO R D R O, BBV PRt AR, T E - %
NPC SM i MMC H 358 2 1 161 2 . F I 46y o 4 7 b
AR 3T Ik 5 L |k
SRR i, <O I FEBAABUR , A 2(a) wloE (R
J7R AR P A E 3 PR L A €2 A2 LK )
& D3 D4 #aL, [El2(b) iy MMC P H, Jit 8 (2
REHE W RARRIEY U, G T 333 "
REHECH A N WA F 0 B R o 0 5 A 2N A " /‘_'7 W
D3.D4 Fil C2 B3I /E L rh . AR KVL 2 e, 7] L y— s
5 A 3 ; ; e
—uy (1) = 2N« [ups (1) +up, (1) +ugp(t)]
(1) A % B C
HKfou, (1) WM AGRLH Fu, (1) = U, /2N, (T A #
ZEZW%HHM%%EﬂU%T? i % g
—u_ (1) = U, Bl = B B
s (1) + (1) = o (2)
BARATA | | |
um(t) +uu4<t) <0 (3)
A= (3) A1, D3 f D4 ST GE ] e S, B i (b) iy, < O i, MMC f e 3

.22 .



5543 B 2 ]
2020 44

m e AR

Sichuan Electric Power Technology

Vol. 43 ,No.2
Apr. ,2020

() iy, > O B, FREHR A v Ui IE %

| | v

A § C
i M| |
il s e
O I o
& # Al

|
1

u. ' W
L-L < ﬁ_&
hE 3 ; ; &

A B C

H % i i

F| | T | ¥

¥ Mr Mr

Bl X = =1

Y | |

(d) iy, > O HF, MMC i HL 3% 38 2
B2 #EEREEF,EFE-NPCSM
B MMC F B35 38 %
AR I T U, A2 0 R G L R B AR U, /s
T30, /2 W3]
up (1) +up(t) <0 (6)
[3E, 2 (6) Hh D1 A1 D2 A A B [m] i S, i
[Fi) 4 £ 8 512 I8 I Yk ) DR LV R o
25 WS, 5L F E - NPC SM iy MMC $$MRERS
T T T et A R A A s 3 3 Ak 4 1) P AR S I
DAL 5 L O P PR T R

2 PiESHr

S T RAIE T4 9 MMC 45 FD B 1E B A 3k
V£, EE7 T 750 MVA/ +160 kV [ 5 MMC {5 L &
Gr, o, TR S R ST A A L BE R
PR AR , R ] B R AP R FAG 4800 PL il

RGAE 2 s I KAz BRIV T DU 2 3% e s
TP LT [E] 0. 01 s5 1% ¢ =2. 005 s B 46 7 £ 4]
Bi,e=2.1s I, M ARED, REWE . 5 EHIEIE
wE 3 2E S5 s,

W 3 T , I 50 B A W ) 26 6% P 3 ) 1
T, R 2 DA A P L O R 5 R L U B RIS TE 5 ms
LAARER 0, 58 A RE A Wl & S0 b TR 2R, &l 4
JE7 W00 e A I LI FE R ARV B, R A P
Jei , FLU LR R4y O, B IAE F 7 460 8 25 A )
AT, S R RGEA Ui, B P 8IS YR A
Bk 0, 1 805 DI R AL R IR .

40

35
30 |

L/ KA
»
8

; . L
1.95 2 2.05 2.1 2.8
t/s

3 HmERHERR

400

350 |-

300 |-
250 |-
>
22
= 200 -

= 1s0 |

100

50

ol
%% 05 1 15 2 25 3
t/s
4 HRBE

800

700

600

500
= 400 2
= 300 4
T 200 B

102 \”\¥_ ﬁ

-100 |- . B

200

, , . . \ ,
1.8 1.9 2 21 -3 23 24 25
t/s

BS REAMER
(TF4:% 90 W)

.23.



5543 B 2 ) W AR Vol.43,No.2
2020 44 H Sichuan Electric Power Technology Apr. ,2020

FH P A L5 >R U 55 D00 T 46 P A IR 55 oA it

, BXCHEF B, El
(]t %Hﬁﬁﬁ”?%ﬁﬁﬂ"ﬁﬁﬁ JUR T 510420)

W E AR ENEERSACANIRGECEF AN —AELER, KA/ EEZ-NTRME, RAS”ER
FRAFRATZ LB, AR AP ARG EREFRR LD RTRATENA P RJZTAERR G, K
TR A 0 F R EA RIS R LT 7 X, BA, BT P AR SAFRE K8 8
Mg BE BV ELS LEBFRR, QAP MEBAF LR ZRAAEF, 2SR PR AEER LR A
THROIBIR A EBIRER L, A A PR REEREANRARE, RAERE ZFME ST X, AP
B E A BATR o O TR AL £ F AR S ER R, REERSEL /A - KABE, KL
PR P IGALIR S A B A Ao SRS 03T S, R ATIER T TR kg S e A At A B
BB P TR EFIERS R T 55,
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User Power Supply Quality Demand Identification
and Strategy for Value — added Service of Premium Power Supply

Ma Zhiyuan, Mo Wenxiong, Xu Zhong, Zhou Kai
( Electric Power Research Institute of Guangzhou Electric Power Supply Co. ,
Lid. , Guangzhou 510420, Guangdong, China)

Abstract : The value — added service of premium power supply is an important way for power companies to improve the competi-
tiveness of power selling. Premium power supply is a qualitative concept. When quality index of power supply is used for
quantitative description, the demand of different users for premium power supply is very different, and it is impossible for pow-
er supply enterprises to provide completely different power supply for each user. Therefore, it is a more feasible way to provide
value — added services based on the demand categories of premium power supply. Firstly, the diversity demand of users for
premium power supply and the service desire of power supply companies are studied, and the classification index system of
power quality is put forward, including customer value index and power quality utility index, which depicts the power quality
demand of customers. Secondly, based on the proposed index system and the importance of each index, a power supply quality
demand category identification model for users is established with the combination of qualitative and quantitative methods to
classify the user power supply quality categories, and a differentiated value — added service package for premium power supply
is designed. Finally, the cost — benefit model of value — added service package is proposed to determine the value — added
service content and calculate the value — added service price of a single customer. The case analysis proves the rationality and
effectiveness of the proposed method, which provides a reference for power selling enterprises to attract new users and carry out
differentiated value — added services.

Key words : power quality; premium power supply; quality of power supply; category identification; value — added service;

service package design

JEPENY S LS ] 7 E 35 ( uninterruptible power sup-

0 %I % ply, UPS) . VR &I %% (active power filter, APF) |
A JEPK E %% ( dynamic voltage restorer, DVR) 25

Hhep Jo e R 2 O P R AR 2 SRR A 7E i L ) (custom power ) 2R B 5 1L

BEWE A IRHOT (O 7 5ol s 0 s BN e Al o O f T ) e B R Oy %
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ARBFFE 5 75760 FH 080037 KK52160006 )
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Single — ended Protection Method for HVDC Transmission
Line Based on High Frequency Component

Li Xiaopeng' ,Dai Wenrui’,Lin Sheng”,Li Shilong'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. School of Electric Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract ; Transmission line has the highest failure rate in HVDC system. In view of the poor performance to transition resist-
ance of the existing traveling wave protection of transmission line, it is difficult to identify the high resistance internal fault and
the low resistance external fault, a single — ended protection method for HVDC transmission line is proposed. Based on the to-
pology of HVDC transmission system, the characteristics of internal and external fault current are analyzed, the high frequency
component current is extracted by wavelet transform, and the protection method is constructed. The simulation results show

that the proposed method has high protection reliability, and cannot be affected by the transition resistance and fault distance.

Key words: HVDC; transmission line; single — ended protection; high frequency component; wavelet transform
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Research on Protection Tripping Identification
Method Based on Alarm Signal

Duan Xiangxi', He Rui’, Li Xiaopeng', Feng Shilin', Wu Haixia’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;

3. Xichang Electric Power Engineering Co. , Ltd. , Xichang 615000, Sichuan, China)

Abstract : Nowadays, after the happening of protection tripping event, it mainly depends on the manual sorting of alarm signals
to identify the event type and missed signals, which is resulting in the wasting of time and labour. In order to solve this prob-
lem, a comparison module of protection tripping sequence is proposed. First of all, the standard sequence models for various
protection tripping events are constructed, and then, a sequence alignment algorithm is designed which realizes the comparison
between the matching sequence and the standard sequence model. Finally, the event type and missed signals are output. The
effectiveness of the proposed method is demonstrated by numerical examples, meanwhile the modules are designed and imple-
mented, and the accuracy and rapidity of the proposed method are proved by practical application.

Key words: tripping event; sequence alignment; event type; missed signal
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Research on Blocking Reactor of Lightning Invasion Wave
in GIS Booster Station of Hydropower Plant

Liu Shoubao', Hou Junhong”, Fang Yuan', Li Xin', Yang Jian'
(1. Datang Hydropower Science & Technology Research Institute Co. , Lid. ,
Nanning 530007 , Guangxi, China; 2. Jialing River Tingzikou Water Resources and Hydropower
Development Co. , Ltd. , Guangyuan 628400, Sichuan, China)

Abstract : GIS booster station of power plant is usually connected with outdoor field by long pipeline due to site limitation, and
breakdown accidents of GIS internal parts usually happen when the breaker is disconnected due to lightning strike. Taking the
lightning surge fault in a hydropower plant as analyzing object, the lightning surge analysis model of booster station is estab-
lished with the electromagnetic transient analysis software ATP — EMTP. The lightning surge overvoltage under the condition of
breaker disconnection is calculated quantitatively, and the cause of lightning surge fault is pointed out. Effectiveness analysis
of adding lightning arrester for the plant and installing line arrester are carried out, and it is pointed out that the conventional
lightning protection methods could not solve the problem of the prevention and control of lightning invasion wave in hydropower
GIS station. A design idea of blocking reactor for lightning invasion wave is presented, the distributed parameter model of the
reactor is established, and the effectiveness of the proposed protection measures against lightning is verified by simulation. The
proposed idea of lightning protection has an important reference value for lightning protection of GIS booster station in hydro-
power station in lightning prone area.

Key words : hydropower plant; booster station; lightning invasion wave; electromagnetic transient; blocking reactor; lightning
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Research on Lightning Overvoltage of 10 kV
Distribution Transformer and It Prevention Method

Lei Xiao', Lan Qiang’, Liu Shoubao’, Cui Tao'

(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China;
3. Datang Hydropower Science & Technology Research Institute Co. , Ltd. , Nanning 530007,
Guangxi, China)

Abstract ;: Distribution transformer in 10 kV power distribution area is one of the most important equipment in distribution net-
work. However, it is often be damaged by lightning in the area with more lightning activities. According to the typical design
and the field investigation, the electromagnetic transient simulation model for lightning direct striking and lightning induction is
established, and the lightning overvoltage of high voltage side insulation on distribution transformer is analyzed. The results are
as follows: After lightning directly striking conductor, the voltage suffered by transformer insulation is the sum of the residual
voltage of lightning arrester and the voltage of ground lead. The amplitude of overvoltage easily exceeds the standard lightning
withstand voltage, which is 75 kV. Because the energy induced by lightning is small, the probability that overvoltage ampli-
tude exceeding the standard lightning withstand voltage is very small. The preventive effect of adding lightning arrester on
lightning direct overvoltage is studied. It is found that lightning arrester can greatly reduce the amplitude of overvoltage. If the
electric distance between the arrester cross — arm and the transformer support is shortened on this basis, the probability of
transformer damage can be greatly reduced.

Key words: distribution transformer service area; lightning arrester; distribution transformer; lightning overvoltage
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RESES TM86 STRRFRERD:A LEHHE:1003 —6954(2020)02 — 0053 - 06

Research on Overvoltage Protection and Insulation
Coordination of 500 kV AC Submarine Cable System

Li Haoyuan, Li Jian
( Central Southern China Electric Power Design Institute Co. , Lid.
Hubei,

of China Power Engineering Consulting Group, Wuhan 430071, China)

Abstract ;: Submarine cables is very expensive, meanwhile the construction and maintenance is complicated. Once failure oc-
curs, the consequences are serious. The aging and breakdown of cables caused by overvoltage are the important factors leading
to cable fault, so it is of great significance to study the overvoltage of submarine cable system. Based on Zhenhai — Zhoushan
500 kV AC submarine cable project, simulation models for overvoltage calculation of submarine cable is established in ATP,

the transient overvoltage,, switching overvoltage and lightning overvoltage are analyzed and calculated, and finally the protective

Vol. 43 ,No.2
Apr. ,2020

measures are given. Based on the simulation results, the insulation coordination of submarine cable system is studied.

Key words : submarine cable; overvoltage; insulation coordination; simulation
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Analysis of 500 KV GIL Tube Grounding System

Zhao Xinyu', Zhang Yigeng', Jia Zhenhong', Zhang Ruiyong', Wu Shuguan', Tan Peiwen’
(1. China Energy Engineering Group Jiangsu Power Design Institute Co. , Ltd. ,
Nanjing 211102, Jiangsu, China; 2. School of Electrical Engineering,Southeast University,
Nanjing 210096, Jiangsu, China)

Abstract ;: The grounding system of gas insulated metal enclosed transmission line (shorted for GIL) is very important for the sta-
ble and reliable operation of the transmission mode. The grounding system of an actual 500 kV GIL project is studied based on
CDEGS. Its grounding system model is established, and the electrical characteristic parameters such as earth resistance, step
voltage, touch voltage and earth potential rise are calculated and analyzed. The influence rules of the depth of grounding grid,
the concrete resistivity, the number of earth points and the main structure steel on the electrical characteristics of GIL grounding
system are studied. The results show that the reinforced concrete structure as a natural grounding body has the greatest influence
on the electrical characteristics of GIL, and the number of earth points has the least impact on the electrical characteristics of
GIL. The optimized grounding system of GIL provides a basis for the construction and operation of GIL utility tunnel.

Key words: GIL transmission; grounding system; earth resistance; step voltage; touch voltage; earth potential rise
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Research on Detection Methods of SF, Gas Leakage Imager

Luo Yang, Dong Hanbin, Wang Jiayi, Xie Qian
( State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan,China)

Abstract : With the rapid improvement of power equipment manufacturing level, sulfur hexafluoride (SF4) as insulating medi-
um for high — voltage electrical appliances is widely used in substation, which has the advantages of strong insulation and arc
performance, reducing the occupied area of the equipment etc. However, leakage of SF gas resulting from equipment manu-
facturing, environment and other factors will directly affect the safe operation of high — voltage electrical appliances. SF, gas
leakage imager has high sensitivity of detection and can be used without contacting high voltage equipment directly, it is also
the ideal instrument which can be used for locating the leakage points. The SF¢ gas infrared imaging technology is discussed,
which focuses on the relationship between SF, gas leakage imaging and leak rate, detection distance as well as the back-
ground. Meanwhile, the field detection of SF¢ gas leakage is carried out for GIS equipment in substation, which provides a ref-
erence for technical personnel.

Key words:sulfur hexafluoride (SF) ;laser light; infrared radiation; background; leakage detection
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Defect Test Verification Method for Secondary
Equipment of Smart Substation

Li Xia', Zhou Wenyue’, Zhu Xin®, Ding Xuanwen’
(1. State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: In order to shorten the time of defect elimination and improve the efficiency of defect elimination, the defect elimina-
tion of secondary equipment in smart substation usually does not go into seriously the root cause of defects. The defect treat-
ment process is simple and superficial, so that the defects cannot be completely eliminated. Therefore, in order to find out the
root cause of defects, the cause of defects is located at the chip level and the principle level, and usually a deep defect detec-

tion and analysis for defective equipment is needed. Based on the above reasons, the verification and test methods of defects of

secondary equipment in smart substation are studied. A defect verification and testing technique is proposed.

Key words:smart substation; secondary equipment; defect treatment; test verification
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Failure Analysis on Fracture of Strain Clamp
in 500 kV Transmission Line

Chen Jiahui', Zhao Xinghong®, Liu Xi', Feng Jie', Lin Deyuan’
(1. tate Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. Gaoxin District Branch, Sichuan Shuneng Electric Power Co. ,Ltd. , Chengdu 610041, Sichuan, China;
3. State Grid Fujian Electric Power Research Institute, Fuzhou 350007, Fujian, China)

Abstract ; The fracture reason of a strain clamp in 500 kV transmission line is investigated by macroscopic examination, tensile
testing, metallographic examination, scanning electron microscopy and energy spectrum analysis. Results show that mechani-
cal properties, microstructure and chemical composition of the steel core and aluminum tube are qualified and can satisfy the
requirements of relevant standards. Repeated crimping trace and obvious bending deformation can be clearly observed on the
surface of steel anchor, resulting in larger stress concentration and the extrusion friction damage of steel core. After long time
running, the damage of steel core is aggravating and steel cores suffer the fracture successively, which leads to the fracture of
external aluminum tube. Thus, the accident happens.

Key words :strain clamp; steel core; fracture; deformation
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Analysis on A Circuit — breaker Misoperation Accident
Caused by Abnormal Anti — jumping Circuit

Ding Xuanwen, Liu Mingzhong, Zheng Yongkang, Wang Ping
( State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: A " jumping" accident of circuit — breaker is analyzed, that is, the circuit — breaker is closed immediately after trip-
ping caused by the incorrect measures of cancelling the anti — jumping function of operation panel. After repeated tests and ex-
periments on the operation panel whose anti — jumping function is cancelled, the repeated deduction and analysis are carried

out for the action logic of operating circuit, the root cause of the accident is found out, and the reasonable improvement sug-

gestions are proposed.

Key words :operation panel; tripping — proof function; action time — sequence
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Analysis on Abnormal Hydrogen
of Insulating Oil in A Converter Transformer
Tan Huaan, Liu Chuntao, Huang Xueming, Qi Xiangdong, Luo Xin
( Guangzhou Bureau of CSG EHV Power Transmission Company, Guangzhou 510063, Guangdong, China)

Abstract : Based on the analysis on the causes of " hydrogen abnormality" in a converter transformer, it results from the carrier

gas of the on — line monitoring device of oil chromatography entering into the transformer. In order to solve this problem, the

process improvement suggestions for the on — line monitoring device of oil chromatography are put forward.

Key words: converter transformer; abnormal hydrogen; on — line monitoring device of oil chromatography; helium
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Development of An Ultrasound Partial Discharge Detection Device

Dong Xiaoshun, Liu Peng, Wang Zhe, Song Kunfeng, Ma Haijun,He Haidan
( Urumgqi Electric Power Supply Company, State Grid Xinjiang Electric Power
Co. ,Ltd. ,Urumqi 830001, Xinjiang, China)

Abstract:In order to overcome the shortcomings of the existing partial discharge tester for GIS equipment, the design concept
of adding detachable extendible insulating pole, fixed component of ultrasonic sensor, connecting component of sensor and in-
sulating pole, wireless transmission signal component and fixed base of extendible insulating pole is presented without changing
the structure of the original ultrasonic tester. After assembly, the device is applied to a substation. The field test data show
that compared with the traditional device, the deviation of field test data is small, which saves the time, improves the work ef-
ficiency and avoids the climbing operation for the staff.

Key words: GIS equipment; partial discharge; AE; extendible insulating pole; fixed component; wireless transmission signal
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Practice of Classified Protection of Cybersecurity
in Large — scale Hydropower Station

Zhong Jian', Ni Yaqi’
(1. CPECC Southwest Electric Power Design Institute Co. , Ltd. , Chengdu 610021, Sichuan, China;
2. State Grid Sichuan Information and Telecommunication Company, Chengdu 610041, Sichuan, China)

Abstract ; After a detailed analysis for the current situation of security protection in a hydropower station, the security architec-
ture of power monitoring system in hydropower station is designed and proposed, which is strictly based on the " Information se-
curity technology — — Baseline for classified protection of cybersecurity" and " Regulations on security protection of power mo-
nitoring system" and covers the technology and management together. The design also involves most subsystems of the station,
and is feasible to be put into practice. Finally, several remaining issues which need to be improved are discussed in order to
enhance the security architecture.

Key words : power monitoring system; security protection; classified protection of cybersecurity; security management; hydro-

power station
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Comprehensive Evaluation for Live Working
Safety in Distribution Network Based on G1 Weighting Method

Yang Shentao, Chen Jinsong, Yuan Lin
( State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract; As the reliability requirements of urban distribution network are getting higher and higher, the live working of distri-
bution network in major cities across the country is rapidly expanding, and comprehensive evaluation for the safety of live
working is very important. The safety of live working in distribution network is affected by many factors, such as the actual op-
erating environment of urban distribution network, the safety production system and the comprehensive quality of the operators,
which makes it appear as a hierarchical and non — linear comprehensive evaluation. To this end, a comprehensive evaluation
method using G1 weighting method that does not require consistency check is proposed. Through in — depth analysis of the
characteristics of live working, a comprehensive evaluation index system for the safety of live working in distribution network is
established, and then G1 weighting method is used to determine the respective weights of each index factor, and at last the
comprehensive evaluation results are obtained by calculation. Finally, the evaluation and verification for the safety of an actual
live working site demonstrates the rationality and effectiveness of the proposed method, which can provide a reference for the
safety management of live working sites.

Key words:G1 weighting method; live working of distribution network ; comprehensive safety evaluation
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