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Chongqing University, Chongging 400044, China; 2. State Grid Sichuan Electric Power
Research Institute, Chengdu 610041, Sichuan, China)

Abstract:In order to provide a stable and convenient power supply, based on the principle of electromagnetic induction, a
wireless capacitance power take-off device is designed, which can maximize the use of space energy. It is important for the
monitoring of the operation status of transmission line. First of all, the structure of capacitance power draw-out is introduced ,
and the calculation relationship between the output power of energy extraction device and the high-voltage stray capacitance,
low-voltage stray capacitance, load resistance and other parameters is deduced. It is found that increasing the area of the sens-
ing electrode, reducing the capacitance value of sensing electrode and increasing the load resistance value reasonably can ef-
fectively increase the output power of energy extraction device. Secondly, specify software is used to simulate the influencing
factors of capacitance power supply. Finally, a high-voltage experimental device is designed with Matlab software, and the ac-
tual situation is simulated and tested. The experimental results show that 1 M) load can get 0. 12 mW power when the power
supply voltage is 10 kV and the coupling capacitance is 14 pF.

Key words : electromagnetic induction; operational amplifier; wireless; capacitor for power; maximum energy
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Detection of Edge Power Data Anomaly Based on CFSFDP Algorithm

Zhang Zhemin', Li Qilin®, Yan Ping’, Cheng Guixue'
(1. School of Computer Science and Technology, Shanghai University of Electric Power, Shanghai 200090, China;
2. Metering Center of State Grid Sichuan Electric Power Company, Chengdu 610045, Sichuan, China)

Abstract : With the continuous development of smart grid, the amount of data generated by power equipment is gradually in-
creasing. How to use power data becomes the key to the development of power grid. In order to ensure the accuracy of power
data and detect and process abnormal data quickly at the edge, a detection method for power data anomaly based on CFSFDP
algorithm is proposed. Based on the hypothesis of CFSFDP, the sample points with low local density and far away from high
density points are defined as outliers, and a new strategy of automatically selecting outliers based on the k values before and af-
ter is used to solve the problem of subjective factors in manual selection. The comparison with DBSCAN and LOF shows that
the proposed method can quickly and efficiently find the outliers in power data, and is suitable for outlier detection of edge
power data.

Key words :outlier detection; CFSFDP algorithm; edge power data; automatic selection strategy
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Broadband Transient Model of CVT Based on
Two-port Scattering Parameters

Pan Fei', Mu Zhou®, Liu Hao’, Wang Tongtong®, Jiang Bo’, Zhang Yu®,
Zhang Chenmeng’, Xie Shijun®, Lin Guosong'
(1. School of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
3. Department of Electrical Engineering, Tsinghua University, Beijing 100084, China;
4. Shandong Taikai Instrument Transformer Co. , Ltd. , Taian 271000, Shandong, China;
5. Metering Center of State Grid Sichuan Electric Power Company, Chengdu 610045, Sichuan, China)

Abstract: Due to the advantages of high insulation strength and accurate power frequency measurement of capacitor voltage
transformer ( CVT), it is widely used in power system. As lightning overvoltage, switching overvoltage and other transient sig-
nals often occur in power system, CVT can only accurately transmit power frequency signals, and non-power frequency signals
will produce varying degrees of distortion, so it is necessary to model CVT in broadband transient. A black box model based on
port parameters of CVT is used to build the model, then through network analyzer,the scattering parameters of the CVT is
measured, and vector fitting method and Forster equivalent circuit theory are used to transform the model to 1 type of equiva-
lent circuit. Finally, the high-voltage lightning input waveform of CVT is obtained by lightning impulse test, and the output
waveform of secondary side is obtained by using Bergeron model and computing branch current equation, which is similar to
the measurement results, so the correctness of the proposed model is verified.

Key words: capacitive voltage transformer ( CVT) ; scattering parameters; mr-type model; broadband transient model
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Minimum Spanning Tree Clustering Based on Local Density
and Its Application to Power Big Data

Jin Wenxing', Wang Diangang®, Zhang Zhemin'
(1. School of Computer Science and Technology, Shanghai University of Electric Power, Shanghai 200090, China;
2. State Grid Sichuan Information and Communication Company, Chengdu 610041, Sichuan, China)

Abstract : Power big data mainly comes from all aspects of power generation, transmission, transformation, distribution, power
consumption and dispatching of power production and energy use. How to use these data to improve the intelligent level of
power management has become one of the most important research topics of the related power links. However, the existing
clustering methods used in power big data can not find clusters of arbitrary shape, which affects the calculation accuracy and
calculation time in the application to power big data. A new algorithm is proposed, which uses the local density peak and the
distance based on shared neighbor points to better combine the relationship between density and distance and express the
differences between data. The minimum spanning tree ( MST) is constructed by using the local density peak and the distance
based on the shared neighbor, and then the longest edge is cut repeatedly until a given fnumber of clusters is ound. The experi-
mental results show that the proposed algorithm has a good effect in the application to power big data.

Key words :minimum spanning tree; clustering; local density peaks; shared neighbor-based distance
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Topology Identification of Power Distribution
Area with Multi-operation Conditions

Zeng Shungi', Wu Jiekang®, Li Xin', Liu Guoxin®
(1. Guangzhou Power Supply Bureau of Guangdong Power Grid Co. , Ltd. ,Guangzhou 510000,
Guangdong, China; 2. School of Automation, Guangdong University of Technology,
Guangzhou 510006, Guangdong, China)

Abstract ;: Due to the improvement of power supply reliability and the increase of power users, the scale and complexity of dis-
tribution network are increasing, which increases the difficulty and time of distribution network topology. Therefore, in order to
speed up the topology identification, an improved matrix algorithm is proposed, which divides the topology into global topology
and local topology, and improves the two topologies respectively. For global topology, node elimination method is used for ad-
jacency matrix, row scanning method is used for connected matrix, and twice node elimination method is used for incidence
matrix to form local topology correlation matrix. After global topology, local topology is carried out for displacement switch.
Firstly, according to the change of remote signal, it is known which switches in the network are shifted. And then,according to
local topology correlation matrix, the connection relationship between displacement switches and local network nodes is ob-
tained. Finally, according to these information, the connection matrix is modified locally, and then the line scanning, bus
analysis and electrical island analysis of the matrix are carried out to obtain the local topology of the network, which reflects the
global topology of the network. The proposed method has a high reliability and wide application range, and can fully improve
the efficiency of topology identification.

Key words: power distribution area ( per transformer) ; topology identification; global topology; local topology
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Research on Key Technology of Parallel Operation of
500 kV High-voltage Single-core Cable

Bai Yilan', Tu Yang®, Li Shanshan', Li Longcai', Zou Jiayong', Zhou Te'
(1. CPECG Southwest Electric Power Design Institute Co. , Ltd. , Chengdu 610021, Sichuan, China;
2. State Grid Chongqing Electric Power Company Construction Branch, Chongqging 401121, China)

Abstract: As the line load continues to rise, more and more single-core cable lines adopt the operation mode of same-phase
multiple parallel connections, and how to evenly distribute the parallel circuit current has always been a key issue restricting
the parallel operation of the cable in phase. Through the analysis of circuit topology of the same-phase parallel cable line, the
calculation method of sequence impedance parameters of each parallel circuit during the in-phase parallel operation of the high-
voltage cable is given. Then, the mirror layout scheme can be used to achieve equal mutual impedance between the same
phase parallel cables, so as to obtain a uniform flow effect in cables. On this basis, supported by a new 500 kV substation
project, finite element method is used to calculate the current distribution characteristics of two parallel running lines of the
same phase of the single-core cable under different spatial layout schemes. The calculation results show that the mirror layouts
can effectively reduce the unbalanced distribution parameters and improve the utilization of high-voltage single-core cable. Fi-
nally, combined with the outlet conditions of the conventional underground or semi-underground 500 kV GIS substations, the
recommended layout scheme for parallel operation of two cables in the same phase is given.

Key words : underground or semi-underground 500 kV GIS substation; high-voltage single-core power cable; multiple same-

phase cables in parallel; sequence impedance parameter; optimal layout scheme
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Setting Method for Distance Protection of GIL Hybrid Overhead Lines

Hong Qiaozhang
( China Southern Power Grid Energy Development Research Institute Co. , Ltd. ,
Guangzhou 510530, Guangdong, China)

Abstract : After stringing the GIL section into an overhead transmission line, the impedance characteristics of the line will
change. For the distance protection sensitive to impedance parameters, the protection range will change. In order to make the
original overhead line protection device reliably protect the mixed line, a method to maintain the protection scope of the protec-
tion device is proposed by modifying protection parameters of the distance protection, and the proposed method is verified in
the PSCAD simulation model.

Key words : GIL hybrid overhead line; distance protection; setting calculation
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Online Transient Stability Assessment of Power System Based
on One-dimensional Convolutional Neural Network

Qi Fang
(CGN New Energy Holdings Co. , Ltd. , Beijing 100000, China)

Abstract: Traditional transient stability assessment of power system is based on time domain simulation calculation, which has
high computational complexity and is difficult to be applied online. An online transient stability assessment method based on
one-dimensional convolutional neural network is proposed, which can greatly improve the speed of online transient stability as-
sessment. Markov chain Monte Carlo sampling algorithm is used to simulate power system operation state and generate large-
scale operation data. The maximum power angle difference of generator is determined by time domain simulation of power sys-
tem. The operation data of power system is taken as the input of one-dimensional convolutional neural network, and the maxi-
mum power angle difference of generator is taken as the output to train the one-dimensional convolution neural network. In the
online application scenario, one-dimensional convolutional neural network can quickly calculate the maximum power angle
difference of generator based on the current operation data to realize online transient stability assessment. The New England 39
bus system verifies the feasibility of the proposed online evaluation algorithm.

Key words : power system ;online transient stability assessment; one-dimensional convolutional neural network; Markov chain

Monte Carlo sampling algorithm; maximum power angle difference of generator; New England 39 bus system

M AREO R , 7E R R RS A % ME LA A T8

0 51 & BREAELR VAL S R v
LA, plas s T HARB I A T RGBS
AR, T E SRR D RGEFH @il il vy B AU 2 o B0 72
WA K WA AT ORI G . AR THE, s 288 0 AL R, DA R 7E 2 T
RPN RGESRETRAET IR, A& Ko SCIRES TR T8 SR0E % 2 lmm s, 1



$E4H

FH-ET-H#ERMERMZNBNREESREELITM 39

LR T REET Z X mEINSG G RS Y
SEEAL I, Al b B S R R iR A, 3
HRL6 ] b 75 2 54 J Ao AH £ 0 2 BT PMU SR AR 7S
), IF 58 o B AT B R 1] VA AL 1 T XGBoost
(8 A AR TOTINASE AR, S B AR e i i
FPOGAR A AR R Al R . SCHR [ 7 R AR
P22 P 28 FIAE [0 ik o B5OM 22 O 28 2545 TE LR G 4
e 2% , I Tl I U A B4 B2 A T , 42 7
TIPKERE . SCHRI8 | A R B A5 M £ 1 o PR G i
A R )R G SRR e AR BRI &R
SR AT E AL . SCER[9 ] B AL TR Z Bk,
Y dER B S gt as 5] A ) R G 8 BRE T
R TR - Z8000” BB Be s 2] 5 vk A
BT AR TR ARG E DA HERR B

TR R T S B Z 2 (one di-
mensional convolutional neural network , 1DCNN) [} Hi,
NRGE SREE LRI T s BB R 7 > vh)™
1z i B 3 AR 42 R 2% ( convolutional neural net-
work , CNN) 5| AHL ) RG0SR € VRl AHECT
TG 4 Jr i, A R R UG ae 1, OF HL
IDCNN J21% 48 CNN i) —4E B2, i G R4
AR

1 FEAE R

1.1 B/RATRFERFFF&ME
R A R A& — NP AL, Hh B AR 2
[ FAEHCR O 22, HLIN 20 ¢ RS HE A 2 5 i — i
Z) e =1 HPIREA Ko T8 H/R ] Rk P A RS S
TR PR ASABE 580 [ AR B 3 ) — 0 KR A o e v
J& B R ARG A — AT AR 2 ) TR E UM, PR
B PR R =0 Nl B
PCx, |x, %, 5,00 =Plx|x, ) (1)
}ILrEP” = 7(x) (2)
St P IR SRR ox R s AT R
Aii sn RS UEL, ML TS5 I, P 423K, Bk 5]
AR AT
LhoRA] R BE 524 R I AR 5512 (Markov chain
Monte carlo sampling algorithm, MCMC) J& & /R 7] 3k
HERMSR RISTFER 456 0 B4 E MR AEA
%0 , MG EhIR W] SRAE WS T, 80— R AR
MEIETR IS 0 HORAFHESRAR 2 W S — A AR A

B (x) , W5 S2 B A A A 3 i AR 32 53 A
(x) o MCMC JEM x, TR I RAE (I n R R %
Fe R EL)

TrH](x*):jﬂT,(x)P(x*|x)dx (3)

Ao AR, L (o7 ) B, (2) [0

SEBr 2R 28 i i) MCMC SR A 1) Metropolis
Hasting S5 17 R AF

1) DI aa AL - WIHR AL 1o I ZIREA Ay 2 , T AR )
FEAR BB M,

2) PEER

(1) NE2) 70415 U0, 1) FFRAE uy

(2) MHEZRI3 i g (o7 L) FRAEREA 7

) m(x*)q(x|x™)

(3) I u < mm(l’ m(x)qx" |0 ]’

MW, =27 B0 x, =25

(4) YT A AEABGR S M, 25 ) AGFE

3) g5 . 15 B B F MCMC SR £E 1Y Metropolis
Hasting B RAESER
1.2 EF MCMC WEB N RFIEITHIREN

HL R GG PV 5 5 PQ 9 s Ve 5 kL, LA
HL ) RGN TR AT A FO TR R R S RO B
TR R RAE S B, PR P 2% IR L ) R G
1 LA D J7 & H ALY A A e A
T pi o MR BT IS HL ) B GE AR Y )RR AE , BE
AR B (R UEYE ], 98 J5 il ik MCMC HliFe 5
LR ) R ST AR . 2T MCMC Y
25 5 AT LU H, ) 2R G e A AR IBU(BLYE BT P 0 A B
InA] B AEA AP, A B T 1DCNN £
BIRIZ AT RE

HRAE AT 2255, F ZR e U 1 ot P S R Ll s
AL LA R B DR I [8], F AT i Sy FL 1, A5 3
XoF Y & FLBIL IR K P R 22 . B R B 22 i 180°
RIHE Ry Sta, S RGFGE . AR R N,
WAL RGBT R B HE N DN RcRIIf 2,51
BT IS ] it

2 JLF IDCNN % ke e vEAG

2.1 —HERMEML

CNN J&—FhHi w22 P 2%, B AT i)
DA — 7 4 i 1 L PAY £ i AR A R AT e A R TR
FGAL B PERER o CNN i — P2 M EUZ



40 I AR

BB

2R R R R A R R T S Y 4 0%l )= A A
IDCNN J& CNN [ —4EJE 5, i3 3 1 T 1 17 91 4
PEIRU B F ) AR GOIR A RRAIE 1) AR A
PTGt e R 2% Ty 3k, FLAT S e 1A 40045 v 2 A
FAF Iz AL RE AR

DA

CNN %8 A JZ HI Tl A%l , Jerr 1DCNN
A JZ B A S RO — 4R, 1R IX B L
AT 7 R AL AR A D e G G 4
JR T

2)BRZ

B RUZ (14 D REJE X g AR b A7 RR IR SR, Y
WAL 2L, I HA A B M B 2 AT
W2k 8. & BB L B A 2 B4 O, X T
IDCNN, B — 4, O B fe i A S % kit
1, 3 A N S BT R AR SR ORI, 7 H.
e H ARSI

3) Wi PR

XHEBUZF R R TR M EAL AL B, HE A
TIRIETRE ST , H FB3S PR ReLU Sigmoid 2%

ReLU = {x x>0 (4)
0 <0
Sigmoid = ! - (5)
1 +e

A« S s sR R A
JIr 3k F B0 BRI ReLU e A0 1 B 7R o

1 RuLU &#

)=

WAL JZ B P 0 Bl A T e 2, 2 st 3t
P DI, A 2% DS N AT R AE 7 T T AR A

(1) SR AR b A - i3t A DX Jsl PN B R AL
R FFAE

(2) FH{E M Ak - 7t 1 X 38 P B {EL A A 3
A RHIE

WSRO 2, BRI RIE N 4, KN 9
() f A R AN IA] 2 FI o

ML XEEARE, RBH1E
—_—

1 2 3 4 5 6 7 8

X

RAEMKE l l FiE L

4 6 8 25145165

B2 SAMEMLITHEBL

5) ez

CNN H i 4 3 422 2 55 40 745 G Hin 5t #2800 2%
R IG5 )23, B I ) 12 4 RS 1) A48 3 4 o

R A B AR 56 L2k

a, =0(z) =c(Wa,_, +b) (6)

Ko R R EG W R, b, B 5 2, 0 R
AT e g

S [ A% 47 b i L 1) g AR, 0138 )2 T R A TR
FV B, BT B I g TDCNN (4 1 1] % H 45 5 A
B0 ECT TR A5 A O 22, D 22 A 2B = h

JWhxy) =l a-y |, D

Koo AEEAREA y AFEAREAE T A2
J b WA b SRBREE N
aJ(W,b,x,y) _aJ(W,b,x,y) 9%

= 8
oW, 0z, 14 (8)
oJ(W,b,x,y) _aJ(W,b,x,y) 9%
ab - a 9)
! 2 ab,

PRENEEEE 5, (o FHBEAILAS BT BRvL T8 W AL b,
WM 2%

6) i th )2

B2 CNN ) B 2 1 25 4L, IDCNN 11 £
Ly A5 5 A R B R A 22

Btz A6, 2125 1DCNN (3 FE P i F T 12
IEN s Ea A

JWb =g S g Sl e ]
(10)

A, A A L2 IENAL S5

1DCNN 7£ Tensorflow HEZL | JE47#5 4L, #5 @ b7
f) IDCNN FBLRI AN 3 FR o

2.2 ET IDCNN HyESREIT
I DCNN#E B 5 i 4 22 )5, B MCMC ™ AR /Y iz



$E4H

FH-ET-H#ERMERMZNBNREESREELITM 41

BANE
]
EHE

BHE

B3 1DCNN &8
15 R mpLa D R ALY s R A T
TR I700) ME R 1DCNN % A S8 B T ik
B 1) B R T 1 264 S i s 24K, JF X5 IDCNN 31 7
Ik, rd IDCNN g5 4niEl 4 fs o

BEHETEN L
BAMMRE
B A E o
—>| IDCNN [ o o C.
B
HRE3
T BAYBE

4 1DCNN %
DAL KT 22 R Al 180° 4 4 I &
GUR T RAGBIARIE, I H A ZA — ANk T ok
fazetiad 180°, RV RGERAR . PR RE S
IDCNN BRI R T 2R GER e VERT FT o0 EE

3 HBHr

3.1 WikES%

VEIUHT 9 % =2 10 HL 39 15 55 & 5o i 17 55 451 )
W, IZRGALHE 39 A 10 Bk ) A L34 &
RS 12 B NLE AR FRAR AN 19 AT, X R G0
s EmE s st
3.2 BARFRIBEITHEFE

BB R WA D ) A Al T 80% ~
120% ZHIHLT s s bR Z{E7E 0.95 ~ 1.1 F
Dt far TG i far 4 7E 80% ~ 120% Z [w) % 5l i
it MCMC B :4ilkE 5000 MHEEA, E oL ) R G018
Y5

BEE 39 19 5 FR G I I SIS By i H 2 B — AR
BRSO L B PO B AR 15 4%
FT RS R o 0.5 s AER T RE T R
8 PST rpbA T 0 F 158, 15 BN [RIECRE T &
MU B R T A 22 K S XN s T g s 4 & B R

YI1%k 1DCNN FIREAR KIS

—?—— B —Tr__'rlrt___‘l—r T 21

"+ : 12 ol l
7 I ’ 10 T@;; -35-
RILP L w1

BS MEEZI10H3 TRAESE
3.3 ET IDCNN EHRETMER
FEAR I A2 85 , %t IDONN BB HEAT I 25, 45
MCMC 7= 1y is 47 3 5 (g LA D g A bl
TR A DI FC S 4 ) /5 IDCNN [ %
AZH A S B YEE Sy 58 5 K5 i A7 8 B 14 e K
DA SR M SR 4E e 15,
MAJZ BRUZ S s AR e 1= A
JERGEA O 1,386 )2 B BRI I ZR ke A B
500, YIZRRECH 100, R Ki S 4000 , 4R
W 1000, Xt 1DCNN BEAT IS5, HAE YN SRl 2
iR ZE-h 2N IE] 6 i

0 10 20 30 40 50 60 70 8 90 100
AR
B 6 lZrEimK Lk

M 6 ATRLE i B I SRk AU i, #52%
BHFEAR, 2 W] 1IDCNN S2 3 12 T a7 5 8
SREMUS .

IDCNN (s R I 7 Fros. & 7 /JLE
Hh BEE AR T BE i, IDCNN ) off ff 32 45 2 484
i, HAEAR it PR R 90% L) b 0 vERf &, & B i
FERLIBL T R SRS E W MERA AL

WIZRkF 1DCNN BOUJS , al A TAE L 1S SR e VP
fil, SIS T I A B SR PP AR LL , ZE DAl
R EAFEIRAART Y, PRI HEAnER 1 Bs.



42 IR A A

BB

100
90
80
70
60
50
40
30
20
10

0

HEFR/%

0 10 20 30 40 50 60 70 80 90 100
&R AL
B7 YIRS
F1 EETEMEME B s
] WK A
ik b ] b ]
LT E Y
AR A 3 »
H:F IDCNN 1y
AR A 0-1 0-1

MFE 2 TTLIE LT 1DCNN 8 S T
AR (] AR T 15 GE ey 55 2 A RO 4
T, I HAT LA R) A A5 21 A e 1 A AR TP 4
BB R A A s A _E A AR

B, XoF b I T 3k g LA SR T ik A TEAG o

WA, 4R ANk 2 s .
xR2 EERERTLE
LAY BRI BNHER B/ %o
1DCNN 91.2
DBN 91.0
SVM 85.7
BP 88.9

M2 AT LU T ik A Emf 2 E WA T
Ff 53k, Al ASC BSOS e B ) R G S E
A

4 45 if

FrmdR i T —F AT IDCNN 1y ) RGE &S
T LA Tk . 505K IDONN 5] AR ) &
GUEASTE PG A e XU B A, il i MCMC 3
VAR B IR T i e m] RE B AT S, Ol o i
PP ECHA R SR E f A, il i IDCNN 52 BT 2543
TETEREDUE Al o FFAEBIERS 22 10 HL 39 1 iR S
MY TSR, S 45 SRR W] T BT SRR Y AT
FIPERSERENE o Sl 10, AR 2 I R 45E

1) A S 8B R BE AN SR RIS AR S ik 2
(1) MCMC 553 % i ) R Geas 17 8 St AT e, B 2B
JRFEAS ] LAAR B B W 28 G A7 A4k, 42 5 1DCNN

iz AP RE 5

2)¥% 1IDCNN 5| AHL N REESRUE T K R
Gn A T R A S B B T SRR Y R 2
YE Rkt % IDCNN 17125, SE3E T 56F 1DCNN
L) R G AR P ITA, , o S 45 - ] LR
) e R TR |1 e I A 5

(1] X0, s, Bem A= fo ) RGL 2 A e Rt 5 [ ]
Ui IR ,2004,27(1) < 1 -6.

(2] JALBEAE, B, 5 SO ) RS &
FEE AT ] I J1450A,2016,39(5) .9 - 13,

[3] XUHERR A58, AT, 55, & T SR it I 25 FRAE Y
R ARG SREED L] )i 5K, 2017,
40(1) .9 -13.

(4] BRI, She s, U R, 45 Rl AE QA Y ol ok
W S i ) R AR E B R LT ]. 1
JIEE fy 45K ,2019,42(4) .1 -6.

[S] BOZfL, BRE, SKREE R, 55, B2 T 2 3 Frm g &
HAOREHSRE T LT]. T L TR0,
2016,36(5) ;1173 - 1180.

(6]  BRWIAE, XIHESE, K ZHMK, 2. FE T XGBoost HIHL JJ &
GRS T Jr k[ T]. d MR, 2020,44 (3)
1026 - 1034.

(7] WefE4 BURAN, B, JETR SRR &g
PR E AR FIA L) ], o &g A s,
2013,37(20) .41 - 46.

(8] UREE, XACUE, ILWEAR, 45, TR IR iy L ) R 48
BATE WP R Sk L ] E AL TR R,
2020,40(12) .3813 —3824.

(9] RIvA,BR&w , 20h3, 55 BETHES A 3l a8 1
HAORSYSRE T [T]. o E L TR0,
2018,38(10) :2937 —2946.

[10]  AJRME, 5KJE, 7 IE, 58, SRIT S SRR EESAS

T KL D3 S e [ ) ] o TH AR 740, 2020,
35(3) :577 - 589.

[11] Christophe Andrieu,Nando De Freitas, Arnaud Doucet, et
al. An Introduction to MCMC for Machine Learning[ J].
Machine Learning,2003,50(1 -2) .5 —43.

[12]  RWEE, £MEE, R R, 5. T HRPERBES R R
W07 R OCAR B o AT SR PEAS [T ] W M R,
2017,43(3) :1034 - 1042.

[13]  RIA N BB, 5 T HREEEMS )
ARG ERE WAL L] P E AL TR 4R,
2018,38(3) .735 - 743.

(T4:% 8 1)



Ml S A
2021 £8 B Sichuan Electric Power Technology F44% F4H

43

A 8 28 i 22 4 R PR ORI 5T 55

FEE, K F,K &
(R B 28 sl R s /], U1 fgsE 637000)

W EARRLIBERFERFRLHEELYT EENBER LS TS TH AR IERAAGERE S, 5
LR R RELE BB R L AT, 2 2T E A ERERKT R, ARG %45 &, I A%
WL R e By 45K -F o B st A A A H R BT B RAF AP ARG R IR AT, R B T — AT EH A
A % B FAEG R LS ATRE AR HE AR WA A e k59, At SR L M % R L
B B AL G B E 2 A R E b SRR AT F R E R, B RAT B AL e F I AR R T &,
SRR B 2 s AR L R 2 m R A Z R TFIAE

FESES TV 171 XEEREE:A XEHS:1003 -6954(2021)04 - 0043 - 07

DOI:10. 16527/j. issn. 1003 - 6954. 20210409

Research and Application of Security Control Technology
for Dispatching Control Terminal

Wang Xianqiang, Zhang Rui, Zhang Hua
(State Grid Nanchong Electric Power Supply Company, Nanchong 637000, Sichuan, China)

Abstract ; Under the intelligent development of energy Internet and power grids, various new power grid services and work sce-
narios have a increased demand for the access to dispatching master station system. It is necessary to standardize the authority
configuration of dispatching terminals, strengthen the safety audit of operation process, improve the management system and
technical means, which can effectively prevent security attacks and improve risk prevention level in response to extreme situa-
tions. By analyzing the current status of the use of KVM ( keyboard, video, mouse) extension technology for dispatching termi-
nals, a regulatory terminal security control technology based on cloud computing and biological multi-factor authentication is
proposed. According to the business scenarios of power grid dispatching automation, the proposed technology integrates soft-
ware technologies such as computing virtualization, network virtualization, storage virtualization, operation and maintenance
monitoring and management, and cloud desktop business process delivery to form a standardized regulatory terminal security
management and control system solution.

Key words : dispatching control terminal ; security control technology for control terminal; cloud computing; biological multi-

factor authentication
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Comparison and Research on Ampacity Calculation Methods
of Conductor in Converter Station

Han Yibo, Ma Liang, Wang Gang
( CPECG Central Southern China Electric Power Design Institute Co. , Ltd. ,
Wuhan 430071, Hubei, China)

Abstract: The calculation of conductor ampacity is an important part of the design of DC converter station. At present, there is
no code for calculating the conductor ampacity of DC converter station. In view of the complexity of current stress on the con-
ductor of DC converter station, the basic principle of conductor ampacity calculation under different current-carrying conditions
in converter stations is given according to the basic principles of current-carrying capacitycalculation, and the modified heat
balance equation suitable for the conductor ampacity calculation in converter station is determined. In terms of current-carrying
capacity calculation method, the calculation methods and their results of current-carrying capacity of AC conductor given by
five codes and specifications, including electrical primary design manual, DL/T 5222-2005, IEEE 738-2012, IEEE 605-2008
and IEC 61597-1995, are comprehensively analyzed and compared, and different calculation methods of convection heat dissi-
pation power are emphatically compared. It is suggested to use the modified calculation method of primary electrical manual to
calculate the outdoor conductor ampacity in converter stations, and according to the different outer diameter of conductors, the
recommended method by IEEE 738-2012 and the actual method by DL/T 5222-2005 can be used to calculate indoor conductor
ampacity of converter station.

Key words : converter station; conductor ampacity ; natural convection;forced convection
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Research on SVG Siting and Capacity Determination

Scheme for Hetian Power Grid

Shao Shenhui, Liu Xingang
( Xinjiang Electric Power Design Institute Co. , Ltd. of CEEC, Urumqi 830001, Xingjiang, China)

Abstract: In view of large power shortage in winter in Hetian power grid, the measures to improve the voltage recovery ability
is proposed by using SVG after the fault happening in Hetian area, so as to improve the power transmission ability of relevant
section and meet the regional power demand. A comprehensive analysis and comparison are carried out mainly for the installa-
tion locations and installation capacities of SVG in power grid, and a scientific and reasonable SVG configuration scheme is
given to effectively improve the voltage support capacity of power grid, thereby improving the receiving capacity of power grid,
ensuring the safe and stable operation of power grid and meeting the needs of economic and social development.

Key words : Hetian power grid; SVG; power transmission ability of relevant section; configuration scheme
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A Photovoltaic Generation Access Method to Reduce Negative Sequence
Current of High-speed Railway Traction Power Supply System

Xia Yankun'”
(1. School of Electrical Engineering and Electronic Information, Xihua University,
Chengdu 610039, Sichuan, China; 2. State Key Laboratory of Traction Power, Southwest
Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract ; Photovoltaic (PV) generation is a green energy-saving power generation technology that has been vigorously developed
in power system in recent years, but there is no engineering application in traction power supply system. Aiming at the situa-
tion of photovoltaic access traction power supply system, a method of using photovoltaic energy to improve the negative se-
quence of traction power supply system is proposed. According to the load current difference of power supply arm of traction
system, theoretical analysis is used to select the photovoltaic access method and to improve the basic principle of the negative
sequence of traction power supply system, and then the corresponding control method is proposed. According to different load
conditions, the electrical simulation model is built on the Matlab/Simulink simulation platform. The simulation results show
that the proposed method and control strategy can effectively improve the negative sequence problem of traction power supply
system.

Key words : photovoltaic ; negative sequence; railway; traction power supply system; control
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Discussion on Typical Application of Water-wind — photovoltaic
Integration to Jinsha River Watershed

Guo Fei', Feng Shirui', Liu Qiang', Hu Jianbo’
(1. China Electrical Power Planning & Engineering Institute Co. , Ltd. , Beijing 100120, China;
2. China Three Gorges Corporation, Beijing 100038, China)

Abstract: In order to achieve the goal of "striving to reach the peak of carbon dioxide emissions by 2030, and striving to a-
chieve carbon neutrality by 2060" , the proportion of non-fossil energy consumption needs to achieve a continuous growth. The
Jinsha River Basin is rich in water-wind-photovoltaic water resources who have complementary output characteristics. Relying
on the adjusting abilities of large and medium-sized hydropower stations which are under construction or already in operation,

"

the basin owns the foundation and advantages of the " water-wind-photovoltaic integration". Combined with its characteristics
and the current research results of Jinsha River Basin, the superiority and a series of key issues in the development of multi-
energy complementary are discussed.

Key words: wind power; photovoltaic generation; water-wind-photovoltaic integration; technology mechanism; multi-energy
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Circuit Optimization for Tripping Cause by High Temperature of
HV Auxiliary Transformer and Excitation Transformer
in A Large Hydropower Station

Li Chao, Wang Wensong, Yang Daicui, Li Cheng
( Yalong River Hydropower Development Co. , Ltd. , Chengdu 610051, Sichuan, China)

Abstract: HV auxiliary transformer and excitation transformer in a large hydropower station are tripping because of high tem-
perature, and the reliability of tripping circuit is directly related to the safe and stable operation of the unit. As the automatic
components are put into operation for a long time, the failure frequency of the temperature control box and temperature probe
increases. Due to the unreasonable design in the tripping circuit due to high temperature, the failure of these automaticcompo-
nents may lead to the wrong exit and directly cause non-stop accident of the unit. By analyzing the existing problemsof the o-
riginal tripping circuit, two optimization schemes for the circuit are proposed, the advantages and disadvantages of these two
schemes are compared, and the suitable scheme for the hydropower station is given.

Key words: high temperature; circuit optimization; incorrect trip
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Application and Research of LOCKOUT Relay Used in
Secondary Circuit of UHVDC Project

Chen Peng', Yin Gang', Guo Lichi’, Zou Rongsheng', Xu Bin'
(1. Central Southern China Electric Power Design Institute Co. , Ltd. , Whuhan 430072, Hubei, China;
2. State Grid Hubei Electric Power Co. , Ltd. , Wuhan 430000, Hubei, China)

Abstract: Due to the different operation and maintenance habits of power grid in Brazil, the LOCKOUT relay used in circuit-
breaker secondary circuit of Belo Mountain [[ +800 kV UHVDC project is different from its application and configuration prin-
ciples of power grid in China. The differences between Brazil and China about the typical circuit-breaker operation circuit in
AC system of UHVDC project are analyzed and compared. Then, the configuration principle for LOCKOUT relay of the circuit-
breaker operation circuit in AC system of UHVDC project is put forward, which can meet the operation and maintenance re-
quirements in Brazil. Moreover, taking the circuit-breaker operation circuit in Xingu converter station for example , the start-up
and locking logic of LOCKOUT relay are introduced in detail. The proposed configuration principle for LOCKOUT relay is a-
dapted to the construction of power grid in Brazil, and provides a support for the Chinese UHVDC technology to go abroad and
service the " Belt and Road" countries.

Key words:LOCKOUT relay; Belo Mountain [[ + 800 kV UHVDC project; circuit-breaker operation interface equipment;

secondary circuit design
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Solution Research for Voltage Stress in Three-level

Inverter with Switch Transistor

Yang Ge, Zheng Jialong, Yang Jue, Luo Yuhang
( Sichuan Water Conservancy Vocational College, Chengdu 611231, Sichuan, China)

Abstract: Three-level diode-clamped bridge converter is a good solution for high voltage and high power applications. Howev-
er, the problem of excessive voltage stress is common in the switching on and off process of three-level inverter switch tran-
sistor. In order to solve the above-mentioned problems, after analyzing the stress of three-level inverter switch tube, a switch

tube driven protection circuit is proposed, and the three-level drive waveform is designed and optimized. Finally, the effective-

F44% H4H

ness of the proposed method is verified by experiments on a three-level inverter experimental platform.

Key words: neutral-point-clamped ( NPC) ; three-level inverter; switch transistor; driving protection; voltage stress
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Application of Time Reversal Technology to Fault Location of
Low-voltage Pulse Cable

Shen Zhifei, Wang Juan, Liu Baokun, Zhang Hengwei, Huang Yulan, Pan Renyong
(Sunway Co. , Ltd. , Leshan 614012, Sichuan, China)

Abstract; The low-voltage pulse method can effectively locate the fault in the cable and judge the type of the fault. The tradi-
tional low-voltage pulse method needs to separate the pulse artificially, and it is difficult to directly locate the fault in the ca-
ble. In order to solve this problem, the time reversal technology is introduced in low-voltage pulse method for locating the
fault. Firstly, the principle of the proposed method is introduced and its calculation process are given. And then, the simula-
tion results prove that the proposed method can effectively locate the fault in the cable and judge the type of the fault without
human intervention. Finally, in the laboratory, the proposed method is tested in a 105 m XLPE cable with a local defect. The
measurement results confirm the feasibility and effectiveness of the proposed method.

Key words : power cable; fault location; low-voltage pulse; time reversal
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Research on Energy Meter Software Update Technology
Based on Distributed Multicast Mode
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(1. Electric Power Research Institute of Guangxi Power Grid Corporation, Nanning 530023, Guangxi, China;
2. Nanning Baihui Pharmaceutical Group Co. , Lid. , Nanning 530003, Guangxi, China)

Abstract; Aiming at the problems that the traditional remote update mode of watt-hour meter software fails to update when the
measurement point file does not conform to the actual situation, firstly, the problems of the traditional centralized software up-
date mode is analyzed in the aspects of archives, channel use and storage. And then, a software update mode of watt-hour me-
ter based on distributed multicast mode is proposed, and the specific scheme of software update for each process based on this
mode is given. Then the key problems in the process of updating such as the copy and rollback of the original program, and
the protection of the integrity and correctness of the update program, are studied. Finally, the feasibility of the proposed up-
grade mode is verified by experiments.

Key words:energy meter software update; original program rollback; integrity check; multicast
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