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Research on Influence of Installation Position of DC Blocking
Devices on DC Magnetic Bias Current Distribution of Main
Transformer in Power Grid

LI Xiaopeng', ZHANG Huajie', WU Jiayu*, ZHOU Wenyue'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. School of Electrical Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract: A study on the influence of installation position of DC blocking devices on DC magnetic bias current distribution of
main transformer in urban power grid is proposed after the installation of DC blocking devices at the neutral point of main
transformer in urban power grid, which leads to the increase of DC at the neutral point of the surrounding main transformers
and the phenomenon of DC bias magnetization. By considering the structure of subway return system, the grounding system of
transfer stations and the spatial and electrical connection relationship between subway and urban power grid, a coupling model
of urban power grid and subway network for a city in southwest China is established based on CDEGS simulation software. On
this basis, the simulation analyzes the characteristics of amplitude change of DC magnetic bias current of main transformer in
grid substation after the installation of DC blocking devices in different types of substations. The analysis results show that after
installing DC blocking devices in 220 kV substation supplying the metro main substation, the total DC magnetic bias current of
substation which directly connected to it is reduced more than 15%, which can significantly suppress the DC magnetic bias
current and provides a theoretical basis for the determination of installation position of DC blocking devices in substations of
urban power grid.

Key words :installation position of DC blocking devices; metro stray current; urban power grid; DC magnetic bias current of

main transformer
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Simulation Study on Steady-state Current Carrying Capacity of
Intermediate Joints of Directly Buried 110 kV Cables

CHEN Li', SHAO Qiangiu’, WANG Ranran', TANG Jun'
(1. State Grid Nanchong Electric Power Supply Company, Nanchong 637000, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract ; As there is no mature standard for checking the current carrying capacity of AC cable intermediate joints at present,
a three-dimensional simulation model for the steady-state current carrying capacity of directly buried 110 kV cable intermediate
joints and the cable body is established, and the influence law of ambient temperature, soil thermal conductivity and buried
depth on steady-state current carrying capacity of intermediate joints is studied comparatively by finite elements. The results
show that the carrying capacity of intermediate joint under different ambient temperatures, soil thermal conductivities and buried
depths is always less than that of the cable body, and the carrying capacity of intermediate joint under the soil thermal conductivity
of 0.5 W« (m + K)™, the ambient temperature of 293 K and the buried depth of 1.75 m is 10.8% less than that of the cable
body. According to the above research results, if the cable current carrying capacity is determined by that of the cable body,
the major insulation of intermediate joints will be in an accelerated thermal aging state. In order to ensure the long-term stable
operation of the cable, it is recommended that a certain margin should be left when the current carrying capacity is determined
by the cable body.

Key words: directly buried AC cable; intermediate joint; current carrying capacity; finite element simulation
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Resonant Overvoltage Analysis of Renewable Energy
Grid-connected System

70U Fugiang', WU Chong', ZHONG Fan’, LI Weilan®, LIU Yi', ZHANG Shengfei'
(1. Southwest Electric Power Design Institute Co., Ltd. of China Power Engineering Consulting Group,
Chengdu 610056, Sichuan, China; 2. School of Electrical Engineering, Southwest Jiaotong
University, Chengdu 611756, Sichuan, China)

Abstract: Based on the rapid development of renewable energy generation technology, the proportion of renewable energy
generation is increasing year by year. And renewable energy will introduce harmonics into power system after being integrated
through inverters. When renewable energy is linked to the grid on a large scale, the harmonic content is abundant and there
may be a possible risk of resonant overvoltage. Firstly, a harmonic mathematical model is established for photovoltaic
grid-connected system. Then, harmonic analysis on a single renewable energy site access system is carried out, and the impact
of inverter parameters, line parameters, and grid equivalent impedance on system voltage after resonance is analyzed.
And harmonic analysis on a variety of renewable energy access systems is also carried out to investigate the resonance variation
pattern of renewable energy access at various scales and its impact on system voltage.

Key words:renewable energy integration; resonant overvoltage; harmonic model; resonance variation pattern
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Diagnostic Study of Argon Plasma Jet Based on
Emission Spectroscopy

ZHANG Dawei', CHEN Xiaoying'®, HAO Sha'
(1. School of Automation and Electrical Engineering, Shenyang Ligong University, Shenyang 110159,
Liaoning, China; 2. Huadong Photoelectric Integrated Device Research Institute,

Suzhou 215163, Jiangsu, China)

Abstract : The electron temperature and electron density of plasma for material surface treatment will have an important impact
on active components of material surface. In order to study the electronic temperature and electron density of plasma jet,
the needle-ring electrode structure is used to build a plasma discharge and spectral diagnosis test platform to achieve stable
plasma jet in the atmosphere, and the spectral data of argon plasma are collected by spectrometer, and the Boltzmann curve
slope method and Stark broadening method are used resfectively to calculate, compare and analyze the electron temperature
and electron density change law at the plasma jet tip, the different axial positions of plasma jet when the jet tip has copper foil
or not, of the acting on the surface of copper foil, and and the different distances from copper foil to jet nozzle. The results
show that the increase of input voltage will lead to an increase in electron temperature and a decrease in electron density. The
plasma electron temperature decreases with the increase of axial distance, and the electron density first increases slightly and
then decreases with axial distance. The placement of copper foil at the tip has an effect on the electronic temperature and the
electron density value within a certain range. When the distance from copper foil to jet nozzle increases, the electron temperature
on the surface of copper foil first rises and then decreases, and the electron density first decreases and then increases. And the
applied voltage increases, the distance from the position where the electron temperature reaches the maximum value and the
position where the electron density reaches the minimum value is getting farther and farther away.

Key words:argon plasma; electronic temperature; electron density; emission spectrometry
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Short-term Load Forecasting Method Based on Combined Model

CAI Junyi, LI Qilin, YAN Ping
(State Grid Sichuan Metering Center, Chengdu 610045, Sichuan, China)

Abstract: In order to accurately forecast power load and improve the flexibility and accuracy of power system regulation and
scheduling, a short-term load forecasting method based on combined model of auto-regressive integrated moving average ( ARIMA)
and long short-term memory (LSTM) neural network is proposed to avoid that a single prediction model may be difficult to
meet the prediction accuracy requirement. Firstly, the two single models of ARIMA and LSTM are used to forecast the
short-term load, and then the hybrid particle swarm optimization (PSO) algorithm is used to optimize the weight of combined
model. Finally, the forecasting results of the single model are combined with the optimal weight to obtain the final forecasting
result. The verification results show that the proposed combined model can accurately forecast the short-term load, and its
forecasting accuracy is better than that of single models of ARIMA, LSTM and back propagation neural network ( BPNN),
which has certain engineering application value.

Key words : short-term load forecasting; auto-regressive integrated moving average; long short-term memory neural network ;

combined model; hybrid particle swarm optimization
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Strategic Economic Allocation of Integrated Energy System
Considering Energy Storage Peak-Valley Price Spread Arbitrage

CAI Hanhu, SUN Jianwei, XIE Yanxiang, JIANG Aiting, XIA Xue, XIAO Han
( Southwest Electric Power Design Institute Co., Ltd. of China Power Engineering
Consulting Group, Chengdu 610056, Sichuan, China)

Abstract: The heating/cooling and power supply strategies of integrated energy system are proposed considering the peak-valley
price spread arbitrage of TOU electricity price of energy storage system, which are used as the inner simulation optimization
kernel of economic allocation model. A double layer programming model of integrated energy system is established based on the
whole life cycle theory and strategic simulation optimization kernel. The outer layer takes into account the economic and
environmental benefits of the integrated energy system and minimizes the total annual planning cost of the system as the optimization
goal. The inner optimization model adopts the annual simulation time domain (8760 h) to enhance the matching characteristics
between the generation output of power supply side and the load of energy consumption side, so as to improve the effectiveness
and economy of the configuration results. The enhanced elite retention genetic algorithm is used to call the inner simulation
optimization kernel to simulate and solve the two-layer configuration model. An example analysis verifies the effectiveness of the
proposed strategic economic allocation method for integrated energy systems, and discusses the critical peak-valley price spread
suitable for arbitrage of energy storage systems, which can provide reference for the related engineering projects in the early
stage of project analysis.

Key words:integrated energy systems; strategic optimization simulation; energy storage peak-valley price spread arbitrage;

economic allocation; enhanced elite retention genetic algorithm
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Study on Loss of MMC Converter Valve Applied in Converter
Station of Offshore Wind Power VSC-HVDC Transmission

LI Haoyuan, PENG Kaijun, WANG Jiangtian, LIU Chao, LI Wenjin, ZHOU Siyuan, ZHOU Guoliang
( Central Southern China Electric Power Design Institute Co., Ltd. of China Power
Engineering Consulting Group, Wuhan 430071, Hubei, China)

Abstract ; At present, the VSC-HVDC transmission of offshore wind power is a research hotspot in the field of flexible DC
transmission. Loss is an important technical index of VSC-HVDC converter station, which is related to the transmission
efficiency of VSC-HVDC system and the design of converter valve. Therefore, a loss calculation study on MMC converter valve
of VSC-HVDC converter station applied in offshore wind power transmission with a transmission capacity of 1000 MW is carried
out. The calculation method of valve loss and the acquisition method of key calculation parameters are studied. The composition
of valve loss and the loss rate of valve at the converter station at the sending/receiving end of £320 kV/1000 MW VSV-HVDC
project applied in wind power transmission are calculated. The effects of third harmonic injection, converter modulation ratio
and DC pole line voltage on the valve loss rate are studied. The results show that the valve loss rate can be reduced by injecting
the third harmonic at transformer valve side and increasing the converter modulation ratio, and under the same transmission
capacity, the valve loss rate can be reduced by increasing the DC pole line voltage.

Key words: offshore wind power; MMC converter valve; loss
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Research on Calculation Method of Connecting Bolts Used in Angle Steel
Tower under Tension and Shear Action with Pre-tightening Force

YAN Xiuqing, GONG Tao, LIU Xiangyun, PU Fan, LI Zhong
( Southwest Electric Power Design Institute Co., Ltd. of China Power Engineering
Consulting Group, Chengdu 610021, Sichuan, China)

Abstract : During the construction of angle steel towers, the lower limit value of tightening torque of bolts is specified, but the
influence on its shear bearing capacitycaused by tightening torque is not considered. The calculation shows that the current
tightening torque value will reduce the shear bearing capacity. Combined with the basic principle of steel structure, the calculation
method of residual shear bearing capacity ratio of common shearing bolts under pre-tightening force is deduced ,which is proved
byrefined numerical simulation. The research shows that the larger the pre-tightening force is, the lower the shear bearing
capacity is, which is approximate quadratic parabolic relationship. Finally, according to the relationship between pre-tightening
force and shear bearing capacity, the tightening torque value of common shearing bolts for transmission towers is recommended,
whichprovides a referenced for the project design.

Key words : transmission tower; shearing bolts; pre-tightening force; calculation method; numerical simulation
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Prediction on Electrification Rate of Construction Industry in
Sichuan Province Based on LSTM Model

WEI Yang', HU Pengchao®, LIU Hongli', CHEN Yumin', LIU Xueyuan', LIU Chang’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. Sichuan Construction Engineering Fire Protection and Survey Design Technology
Center, Chengdu 610042, Sichuan, China;3. Sichuan New Power System
Research Institute Co., Ltd., Chengdu 610095, Sichuan, China)

Abstract: With the continuous increase in the total number of buildings, electrification has become the key to achieving the
" dual carbon" goal for construction industry in China. In view of less attention paid to the calculation and prediction
of electrification rate of construction industry in the existing literature, the calculation formulas based on the definition of
building electrification rate is constructed from two aspects: the terminal electrification rate of construction industry and the
terminal operation electrification rate of construction industry. Based on the calculation of electrification rate of construction
industry from 2010 to 2020 in Sichuan province, the long short-term memory (LSTM) model is used to predict its electrification
rate from 2021 to 2030. The above research can provide useful references for the evaluation of electrification level of construction
industry in Sichuan province and the implementation of " dual carbon" plan.

Key words: " dual carbon" goal; construction industry; electrification rate; long short-term memory model
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Research on Identification Model of Rainfall Induced Geological
Hazard Outbreak for Power Grid in Strong Earthquake Area

BU Xianghang, LIU Fan, CAO Yongxing, FAN Songhai, CHEN Ling, WU Chi, ZHU Ke, XUE Zhihang
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : Taking 42 debris flows along the main stream of Minjiang Riverand Yuzixi catchment in strong earthquake area of
Wenchuan as research objects, seven specific characteristics, such asstorage capacity of material sources, occurrencefrequency,
catchment area elc., are selected for the evaluation of debris flow scale. Critic method is adopted to set up the identification
model of rainfall induced debris flow for power grid. And the identification results are divided into three levels: high, medium
and low prone areas of debris flow are 15 catchment basins, 11 catchment basins and 16 catchment basins respectively. Then
the once outflow volume of 26 debris flows in the study area isselected to verify the feasibility of the proposed identification

model of rainfall induced debris flow for power grid. Finally, the zone map where debris flows are prone to occurrence are

generated through ArcGIS platform.

Key words: rainfall induced debris flow; identification model; power grid
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Research and Development of Auxiliary System Joint Control
Strategy in New Generation Substation with Autonomous
and Controllable Technology

MA Chiyi', WU Jie’, CHANG Zhengwei’, XIONG Xingzhong', LIU Jun'
(1. Sichuan University of Science & Engineering, Zigong 643000, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract:In order to fundamentally solve the problem of "stuck neck" in core chip of secondary equipment in power grid and
fully support the business needs of " unattended and centralized monitoring" of substations, a new generation substation with
autonomous and controllable technology adopts the principles of " autonomous and controllable, safe and reliable, advanced
and applicable, intensive and efficient" , and is designed and controlled independently in terms of equipment hardware and
software. In order to have a better construction to new generation substations with autonomous and controllable technology, it
focuses on the analysis of joint control strategy of secondary system. Firstly, the basic technologies needed by joint control are
analyzed. The overall framework of joint control for auxiliary equipment of new generation substations with autonomous and
controllable technology is introduced, and its overall functions are analyzed. And then by sorting out the types of auxiliary
equipment joint control, the joint control strategies are divided into main and auxiliary linkage, inter-subsystem linkage and
intra-subsystem linkage, and the joint control is described with specific cases. Finally, the joint control strategies of auxiliary
equipment in substations are summarized and prospected.

Key words:new generation substation; joint control; auxiliary equipment; video linkage

0 51 5

R R R R B A% R R T IR
Hh T PR A 3 el P — R L TR R G

AW A A e, TD 5 T [ A i B — A
ARG TR AR GURT ARG B D RE AR {5 P AR
P AR B R A R - 5 st il AR
[F R IBR 47 il SRSt TE ST + 4 Hh 42 ol 55
FORME S, MR TR R AR



GEHRSh PSR, 20 o TR T R G MR A
TARGUNHERER Sl ATy [ A AT R — U Rl Y A
RIS HNE

1 OB — A v 0l Ay Bl 28 SRR 3 S et AT
KEAR

1.1 RS RERHA
1.1.1 BBRREHRK

o T ) B R s PR ARG I B R g S AE R
PR b A v 2l FH 3 2 AR L, B AR IR
THEMR . Horbs 25 2898 Bl AU (high dynamic range
imaging , HDRI) £ AR ¥ & 1T UG IV I, eletk 1
UL BE AN 2 Bl KA [m) B, fof [ 1 i 2 LR 24
B TEBBE AR EECR AR AR R A Bl it
FRARCLRERAE , R A il SR m B LB Rl R AR S
1.1.2 2oobmlig R EH AR

I FHET AN B B S T 0 £ /0 15 £ 3k
WOk 28 Fe T & H R 2T A0 5, 2 1 4K B 4 T
FARAROURI AR H sl 4, AR s B 5
TFOE RIS A ATl AR b T B AR, A R
R ARRE RS R | B 1A A
DT IR Sl it e 5 SR EE AR
1.2 BEFEAR

PRGOS, D 45 AR AR 106 8y SR s P e 4 B 2R, 7
W TE GG, R A T B R R A7 4 A 6] R
FMEEBEI ., 1 b RS R

e

T
S S e N

E1 EfgEnRe

TEAR G G AG I | 3T sh 8 0 AN T4
HURRAE B 7 22 32 0 0 R I T B, (R R AL Gy it
BEE K HEHREM, MERESSI MR RE, 3
TE U 22 46 1) GRS I B AR B #a R, 4 LT
FEGERIN Ty 1% | REAE HR I3 T H0 0 SR sh AR IE o
FEARFAE B RN 43 3R 45 i R B R 4. B bR
o A 4 R A5 A DX 82 Bl I % ((region: proposal
network , RPN) I] %l 43 >k — B B A 0 4 32 Fn— B Bt
RS . AE B BRI Ak i 2 A RPN H T

K, Hodr R-CNNP! Fast R-CNN' Faster R-CNN'
FRZREDERE: . — W B s Al
RPN, 5l AN A B R X ek, 177 2K 4 i Pl 45 H 1] 1
U5k Ok S ELRE AT 45, Hop YOLO' ! & i
SSD' O A AT R, B 2 AT
PIRFILIRESE

S —
[N it FHEHRER. A2, A HR

() Wil B H Aieil Sk s 1

EONCTES | BHEREL. [EH > i

(b) — Bt B AR i 4514
E2 BifelExsa

1.3 BEZhEAR

HL ) IR R Ge o AR 7 i R ORI 35 B K
DX, e T I XA 4 ] DX R AR 4 il 25 , #0726 A
Pt IX ;v T X A= 7 A 3 X R IV (X4 B A 8 IX A
BRE BORIX, AR T X AR B 5, T X 4
Bl a8 ANV DGR E ML IR R 256 i B LS %
() 5L R BN 55 AR PRI B S s, %o T DX o Bl i
A AR B IV XA R S A AT 1 il B4 5 B
Ji %IV XS AG S 3K B0 ) 45 4 5 B3R 45
S U AR F S B ARV E Y A BRI B S RS
AT R G8 A B O BB AE B PRI ERAE 1Y 2 Pk
FERfaE

2 SR — AN Rl A O R G AR

2.1 HERSEN

RYEEHH WA SRSy oA = RO
55588 Serverless 44, H FE ] 58T — 4G AR H il
W RGN R 53 2 o3 A X 28 ZE A | R 26 ) T
A, T Z LR Z AL BRIZ MR, SR E R4 1
XAV X, ZAA A IR R G SRR
¥, BEAL R ) IR RS A 48 24, SRR
FnpE 3 fis, 4 I IXH— IR 1ELR W | ok
TAHPT 4P B A e S R A ; LV
X 7R BB R SR ALk

Zar I K 5% 4 WV X 2 1E 5 m b
EHB, RS R R — A E
B Z55 0 H EHL R 55 W SCHIL AN 7E S8 B A 3
B, 58 OB R AR B Ab B CIRAS WA i & 3l
FREN H G217 FEAN ol S IIERE, ILREH



#r AL B 15 S AL P i B0 R A ARG
SR, LIRS TR AR OCAR D RE . (RIYZ
B R — B A AR L R B R A R
BRGE R ICK ARG M2 1518 B i # Be K
TH B IR A 5 2B TR o S HC W P g 2 HL vy
PR M P 28 o Sl 3R R SR IS S M 1 2 o |
TCLAGIEAR LA R AT w35, S BUE BB R AR 1%
il S A BRI RE

— BRI KRN B 22 4By TR g
i SIE T REAGEA R L A T XZRE N
M ENL, ST RGES )5 G ZERNR AT DL/T 860 8 {5
OCHAT HHE , TELE RELT RG B A7k 2 %
2 IV IXATEL R e AL AL, 7E 2 BB AL 0L
LHARGZER A TCP/UDP B HEK,

VAL RSt

22 HEhNRZINEE

FH— Rl WA R 40 X ol N — IR A& T 7
LMW KCTAE BT AP T BRI B LA AR
LA B ET R G s BT 0 08 F ReI 3l
REGETER, RGReEBOR A Bk 6l 4,
SEP AR A A TIE BRI R DR, &5 T RSiRE
eI T IER GG GHRERIEN T % F RGeS
URSEIEH TAEIF S il sk M AR SR TITRE

1) — WAL T R 5

RGUNE 4 Fron, 32200 i AR ol
S L A A GORAS AR e g R e A ) Sy
R HAL R PR AL I ) SR P SRS S R A TR M
W), SRR AR R AR s TR B FE LR AR T Al
A, HAXT SF, SR MU LA AR

MR T &

SRl R GG

I E
3 A
IEC104
shfrE DL ;1'860 DL/T860 ‘ : DL'ES()O 5 \Tf‘{‘o o
y
) : DL/T860 T T
a1 | DL/T860 DL/TS60 DL/T860 + DL/T860 DL/TS60  DL/TS60 EXCA LRE
HBfE B i l
——————————————— + i —— -y -
|
|
|
|
|
|
TR |
| R A TEL M KIKRIEB AP HRESEE SRS ELERRSG R
|
B3 BEzE4
i 2 BN SRARFFENL
DL/T 860 M5 DL/T 860 B R
DL/T 860 @{=HR3L DL/T 860 JEfSHRC DL/T 860 B{FHR L LRE
AR bl FEORMEI A PN/ R 2R 2
1/0 RSARS/AEMIAE  NEk-sMA TNC-SMA RS485 AR 1/0 TNC-SMA RS485. FT3/SV
% %
& E -3 w R
i % 2 E z i 2 & e
i X oz i 2 o m i & g
% = B [ o1 = #* % & ]
¥ W E 5 2 i3 # Fi % =
A W & Fi o i3 & it & &
% % B i i % % 1 % b
i3 % W [ [ I % % !
& 5 i @ i 3l % 3l u
i KB & ! f e i fe &
W W ] 2 & B & B
% s # 2 % B B &
7 ® i3 % #
5 *
4 —REBEZENFRS



FR L AR S i AR L T B DB, SE BT R 2K
FIBATIRESIAELRE ST AL AL R e s
Lot fr e s i AR R SRRE S R AE A
ML RE , SC B e o Sl oy B s TR Y
TELRAE BN LA

2) KK T R 5

KR ZGME 5 iR, RARBEEA
R A S RS E K KRG A Z B
B LU BB UIR AR TR 45 55 B A IO DI, S B 9 K
RAREAR BRI ALK KA ] Hoag O
NBE, KIS, Rk K OB (55 B
THBTHR S PRI DI RE , 25 A A2 KR, BE A B 15 kX |
HEX ARG MZS I R SR 47, H-HR SIS 33 B K 5%
AL B ShIE BT B

RS RISAL LRE RN
A
DL/T 860 GBS DL/T 860 JBEHRIL il
\J Y
DL/T 860
IBIERIC
THBE Bk T LEE
RS485/RJ45/CAN 1/0 e
A Ao A 4
\J
HOH W
o 5 B B 5
% I~ g x B B
Bl X B WM R
) K " OE @
x o B =
& & B B B

B5 NREPZEY

3) G LT RS

TR DRGME 6 Fin, RAZHFEA
A WE SRl EL IAW) DOR NESTUE N ot IR DN
ok L R S e a5 RO DR , S B 9 R AR A
T B R A AL 5 oA Bl AR D B , Bl 2 B
Yz s Aty 3, FF R LR AR T | B A
VAR DL A PR B RE , S B N B AT
SRR AERERN L3k R R Z R IF 177 20, 1
NIRRT ZRHRK

4) BREDHE T RS

BREBTERZ WA 7 PR, RAGHREXAL
L A R BLEL O 35 7 1k R AR A BiLRL ) A1
R TR B P RS BRI RE , SEBUTBIURCRR T Bitic
AT AR AR e 5 A SO AIE DI RE , £
TR AR 2 AAIE DT 3 A BRI BT 5
NG BUEE B B AKCT AT AT 55 B B 7 A A
SENRE ; A MR RS OO, Al B e A

HES5 AL ZrERIFENL

DL/T 860 {53 DL/T 860 53 pited=

DL/T 860 B iy LERE
A
e S

vo RJ45/RS485

.«
e
——

‘t’_‘j ‘
= W | - v.,‘
i

B
ﬁﬁﬁ§ﬂ@ . |
SR ET RN
sRLEuE 4 &
oo e -
BB

Eo6 ZEMHIFES

[ EPSN ZrERIFENL

DL/T 860 HB{EHIL DL/T 860 JBfFHRL

L 2

DL/T 860 B{ER X LRE

Bl
ERGTED

| ]

B
)

EENE

H7 SEHSETFRE
s AT A RLUEA TR AR D RE , T X AU B
MIFE B Tl 5%,

5) A FRG

AT REME 8 Fin, EARGEHAMIL.
MR KA SF (0, Frim) K TmK KA R
JEREREE ATIBE , SEEL P R B R A SER R AR A EE
N Eak ; BHA NS BRIEAL CRBE XL KR DL K
R I S 5 P I T B, BE X IR S R sf 548 ]
XA PR BT (5 B A TR . B NG IR
HAIEH TAER /R IIRE M 7 o S 2 )6

6) LA

TR ABAWE 9 iR, LLRICE HA
I A AL M T B, BB 5 0 2R A& IR A 58 IR n] 38
&K AR e ol E RS SO O SR
HRAETIRE, B RGEILAG BT A IR = 4
PG | KT KR KA LA R T T S B T e
TCER 8 75 A TR L2 YR A U o 25 O 14 45 I A7
EAR, FTEE A S T B 8 T AR T A 1) o B
W7 EORASDIRE . TP AR TC LR TR AL IR LA FE LR
AT S A R ik o S REHIER BE T BE



HES5 R ZrERIFENL
L)

|
DL/T smjiﬁ%?&?{ DL/T 860 JBfFHRIL it

2R

R CERE

&
5

=
()
&
a

—_—
o
- >
- >
—_—

— J

T

—
- >
- >

&

[

TITIELE TR Y

EAnxEaELEE G

FarplaEialle
£ fowE

'EEE L fl

#2aaf 2k Eae
%

B8 ZIAFRSE

ZrERFENL

EXCfF

Shl/REIRS TR § — B 4 RasE b
ErEEEE RABEEER
CRE
o3 INLES
| e |

ERICRA
T S

TCP/IP. LoRaWAN, NB-loT%

II 4 III IR

B9 R&BENESF

T) TELRBE BB T R 5

TR RS T RGN 10 o, LRGSR
AR AL | EIE U 2L NS SR LA
L7 S I A Y D RE S AR R ol S
PR FE R AR BE M . A HILAS A BE A nT UL
PGP LM AGA L R IR A B, He A vl I
ARSI LT ARG A 7 I D RE . AR LA EL
B R R A BT R A s AT IR MR L S A A

24

I/1

[X]
Er
E RN R
R T

WG 1

TCP/UDP

BRERHLi

FEEEE
R
S B

10 FELREERKUFRS

LR BB EOR . ZLANSUSR BARHL S5 Z2
W07 R AR IR, ZARGIE R &R E
FA AR RGP I S R A A
a7 SRS DI RE , 52 LA ORI B S i 5%
BB TR T MY

3 B — AU R S I L fE

W gl 4 i) Dy g S A, 4 3K Sl 4 1 ik & 15 5 i
KN E A ESGS SF, WG 5 KR
EBARS, RGN AR A Bl SO, A PR AR S
A A AL A A6 AE N DX AT R A — IR A TE
LARGMCTE, AR BT — G AR H sl 3 3l 45 ] 43 R
FHIR G Z A1 B 3l | i B 7 & G2 8] 5k gl A B
RGENERERD)

3.1 EHEF
3.1.1 2 ERELRMALRIKSD

1) —FMFs < XU IA B s

— B R 1) 5 DT 25 DA kg 728 B i AN R
M RT3y 4R s N DURAE 4 e A
P S {3 PRS0 A A L Ol — T R 1 v R
2 A7 SOk i A BR B T OG0 A T i, STk [ 18]
F B WA AT 55 BB 2 7 B R B 2k o3 Ry 2 T i I
K R IIME AT BN IRET AR B R RS
AR B3 JL2E . SCHR[ 19 ] LAKE 500 kV 4 AE 72 HL
F ] T AR Bl i IR B A R e S
NG4S < XN % Rl A N T8 RE b B Arer il 4%
P NIEEES & =T U N &

2) T R A R B

F2 A8 P A A A8 L 1O, L IE R s T X AR H
uhie A B OCHEEAAE M, B XS T AR R A 45 T A
PRAE 5 (R e A5 4% Ah B ZE, SCik [ 20] £ Hh 3248
JEAHE T RSN | Y 3248 IR a8 W BB 5 B Bk
RGN AR R A5 T AT U R I, 5 Bz 4k
N GAEH
3.1.2 B IMERAAGIES

F B — AR f B T, 5 — AR s AL
(M ENL) BRI — B g —F & py A%
K E R AR B AE D RE | B 55 5 T R B Rl
G, Al F R A AT WA R ST R e
o T S IR 55 S5 DU RS 12 BThRE

FERCRE FAILIEA TR, ) 276 0 AL & 3%
BEEMT 5 ThRE, SCik[ 21 | T — B R R sE &



PUERILIE = 5 — AR AT YOLOV3 H s A I 53
2, AR T AR HL < T B SE A AT 55 AL
R, SCHR[ 22 PR —X A = T AR H 7R B g
RYM TR, Horp 0 4R E MR I3 Ty il
AT T 50T, A48 W4 =L A AL R R I BN 5
SR AL s EYLE R R R E S IIRE
3.2 FRSEE

3.2.1 KRHEB %L L biish 2 %00 33

KA KK KR B 7 G854l B R 48 2 1A]
(K B e A AR 1k kR & e, SCER[ 23 ] 42 i —Fh
FETZ AR AT I 1Y 722 Sl T B R G, KR T
EYIREST N 3 G RPN gk ) kK AT B, K
P BT RGNS WA E LA M IREF R 2
[r] AR BN B 3k TR 67 5 e i, BK B R B
P R AL g A AT OARAG I, SCRR [ 20 ] 42 H B
BB DRGEI G HCHAETEE | IF BB 3 3
ARG A R OGP AL | Ha 8 < 2 IR A BRI AL By
1R KR SE  FF BB T KO AR 15 3l A
FR G K R I ISZAR BN K TEFA T BR R4
322 HHRKMARLS LB 2 A

1) 53 R 508530

B BRI AT AL A% A o 78 v T A 19 Je) 5 IX.
Bre BEAS R Al R B 3l BR R gE BRI A . S
R [ 24 1322 3 28 2 40 v i BRI 4 ) 28 se X AT ik A7
TR | 5 HA 2R 8 SC IR Bl R A5 A RE HA
) R GAFAE B REBOR S [m)

2) 5% 4P LE )

B BB 2R G0 ) FH TR 5 o 225 D) 248 Xof Wi 7 AL A i
AFAT RSN YA 1) T ARk A B T2 A i i
B AR B AR TAE N 515t 88 4 e T
YEX B WIS 2 b TR G AT R OGHRCE  SE ek
PN AL L
3.3 FREMNEEF
3.3.1 KRB ZAAANRKESD

KT B FR G225 KK A s R 1 E
KK ZRGE A SZ 12571 B 1 5 LA S AR 3% 25 45
TR, RE S I N R HEAT DR AR AB 5 AN K
Pl o SCHR[ 25 ] 48 th KR R, KORIE BT RS8R
R HRE TR B R G 0 AH ST B D RE , X KR AT
HaI K,

3.32 HIHT ARALEAKS

Bl PR 22 G0 0 5 T g JR 1 1A I A T 4

R 0 AN R IR Bl R G N RUBIL 25 9 K

AW HEAT SR

1) /KRB B

MR IKIE I, B ZR G800 2 B B N B A
T AR AR (L, e 15 e 1 EBC 2 S ek K sl R N 11 7K
FHEATHEK

2) T I 42 i 1K 5Ty

T B R G P TR AR R SAR PR T Y
EIRER B B RGN KL 28 SR & T
VL

3) SF, Ve i bR B

SF, SMATE GIS #1954 DL/T 5035—2016
(BT BRI ) 5 2 SO B Ve ) A R
6000 mg/m’ , KIILXS SF, SRR 2L, SC
BR[26] 82t T —EZ RIS R E N R R R ITR
W FEHR T A8 2 SF, S AMAHR B AR, 425 30
RSN sh ¥ R G B XBLEEE S AR, SCBL RE L A2 T,
333 HHRREZRLAIKS

TELRA REAC A RGeS LA AR AT
55 JE TR B AR AT IS | 22 3RS B AH Rz o5 A6 Hof BB
BRGEN IIERAG K AT N, S BT IAS AL 28 A 1
AR, R AN A L ERIRENE S
PEATIRAE ST BIEH by A6 2658 BB R 48 1 I &
AT AL TR A R A
3.4 MRARKX

W B4 i SR M AE L ) IR R G b iis T REA 5
AR R B R G TARRCR . BB SR i RE L
S LS Y A O Dy o R R RE L OF HLUsb TN K
AR X AR HL 3l )38 A HIAE 5 B PR T BBl
RS A A By T3¢ s 45 1 S w0 B &, o — 1R
7S H B R TR B A R B

4 4 ik

FI 3 AT AT — A f ol 1) B R T I B 4
Ao LB T IR B S 2 6 B B A SRR R
AT A TR — AU F 3l A B AR G B AR
Hy e AL S T R S8, AR IR 3h SR s J7 2OREHR 3
RE oy £ R B | 7 & GE I sh A5 &R 48 A
Hkah, I ARG 2 205 1 T HARER 32 3K 324
BBl BUfIN” #4128 G2 18] K 3l 64 K 9T Bl
HR Bl 224 o0 ORI K 30 L) K7 AR e 1) B9 3l 34 Bk
g, g AR — U Lk A A B B A TR B)
Pl 7 T BB N A



(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

£ 3k

R, PR, XUER, & BT RESE I B
MSRERRL )], AL, 2022,48(7) :1-12.
SRARE, BhARTE, XUAH . A I S IR F R
BT B R GRS 8, 2021, 49(9) -
158-164.
GIRSHICK R, DONABUC J, DARRELL T, et al. Rich
feature hierarchies for accurate object detection and
semantic segmentation| EB/OL].[2022-10-11].http: //
doi.org/10.48550/arXiv.1311.2524.
GIRSHICK R. Fast R-CNN[ C]. Proceedings of the
IEEE International Conference on Computer Vision,
2015 1440-1448.
REN S Q, He K M, GIRSHICK R, et al. Faster R-CNN
Towards real-time object detection with region proposal
networks[ J |. IEEE Transactions on Pattern Analysis and
Machine Intelligence ,2017,39(6) . 1137-1149.
REDMON J, DIVVALA S, GIRSHICK R, et al. You
only look once:; Unified, real-time object detection[ C ].
Proceedings of the IEEE Conference on Computer Vision
and Pattern Recognition, 2016 779-788.
REDMON J, FARHADI A. YOLOv3: An incremental
improvement[ EB/OL]. [2022-10-11].https: // arXiv.
org/pdf/1804.02767.pdf.
BOCHKOUSKIY A, WANG C-Y, LIAO H-Y M. YOLOv4.
Optimal speed and accuracy of object detection[ EB/OL].
[2022-10-11].https: // arXiv.org/abs/2004.10934.
REDMON J, FARHADI A. YOLO9000: Better, faster,
stronger[ C] // Procedings of the IEEE Conference on
Computer Vision and Pattern Recognition, 2017 7263-7271.
LICY, LILL, JIANG HL, et al. YOLOv6:; A single-
stage object detection framework for industrial
applications[ EB/OL].[ 2022-10-11 ].https // doi. org/
10.48550/arXiv.2209.02976.
WANG C-Y, BOCHKOVSKIY A, LIAO H-Y M.
YOLOv7:; Trainable bag-of-freebies sets new state-of-the-
art for real-time object detectors[ EB/OL].[ 2022-10-11].
https // doi.org/10.48550/ arXiv.2207.02696.
LIU W, ANGUELOV D, ERHAN D, et al. SSD: single
shot multibox detector[ EB/OL ] .[2022-10-11].
https : // doi.org/10.48550/ arXiv.1512.02325.
FU C-Y, LIU W, RANGA A, et al. DSSD; Deconvolutional
single shot detector[ EB/OL].[2022-10-11].https /
doi.org/10.48550/arXiv.1701.06659.
JEONG J, PARK H, KWAK N. Enhancement of SSD

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

& &

x| 3% (1994

by concatenating feature maps for object detection[ EB/OL].
[2022-10-11 ] https ; / arXiv.org/pdf/1702.09587. pdf.
SHEN Z Q, LIU Z, L1 J G, et al. DSOD; Learning
deeply supervised object detectors from scratch[ EB/OL].
[2022-10-11].https: // arXiv.org/pdf/1708.01241. pdf.
LI Z X, ZHOU F . FSSD; Feature fusion single shot
multibox detector[ EB/OL]. [2022-10-11].htps: //
arXiv.org/pdf/1712.00960. pdf.

lieds, MAYESC, WETL, . TP A iR
1475 s — B R AR DEE [ ] S A Bk, 2022,
44(3) :85-87.

WV, RRMG, PR SR BT OGS B
HAR B[], mREHRAEAR, 2022, 50(2) ; 35-38.
TN, 27T, ToR. SET Il B 500 kv &
FBAR B G —FRIT S R e s B il [ 1], R THER,
2022(9) :154-156.

FENEEE ) RER, 2R, SRR AR B R R G ik
WRBHEARENT[T]. WIFTH J7, 2020, 40(3) : 77-81.
BERM. T 22 U5 S H P05 1 2 R Sl ML 8 SR
ARBFFE[ D] AU . WL, 2021.

Tl , WM, W, 2. 78 L U AE I L AR B
FE[C]. HEE RS AE R — R0
RER 0 SR Lt B ) B4 45 #1023,
2022:24-28.

Mo, akfd, WK, S LTI AR WM B
AR SF 7 3l T B SR s 9 [ 1], R BE TR A ik,
2020,7(4) : 75-80.

WK, REE, TEZE. HubE M RG>
MrlJ]. BIeyri gy, 2015, 37(5) :381-384.

v AR L R A Bl RO B I Bl &R e iR
AL T]. WS AL T, 2012, 38(24) :72-74.
M. AR el KR G T B s s e [T ]
TLFREEFT, 2017(11) :23-24.

K, IR, AR R B RGN )], B
THARSHMTE, 2018(19) :239-240.

o

L3I (1998) , 8 MR AE IR I GANLE L,

RS (1971), 8 14 #Hig MR T @ AANTE G,
B R BRI e AT

(W75 B #9:2023-02-01)

)
)

’



L AR B3 e & 4 B 5 5 ]

W OAVEER,BEEA, TEX &R
(LIER YA S35, DU ES 610041 ;2. [ WY 145 H 12\ 5 I RHEIF9E e
DU RS 610041 ;3. HEHE P4 JBHE €8 A5 VK F T R 4R A FRA R, PE 755 850000)

H ZATTANEAMLAZLAEFLERBTAL A LTRUERER ATREL2EEOETALS . F
EDBBEHEELREFRAR A TRERSBE K BERAN MEFITEFHERK FATAHELAGARZ 44
FEAT Aoy T ot BALAe T TR A KR BRI A F IR0 AL SRR AR TR LI AT A R
BAEA , EFARARESAE LS RABUNEERTFAAR LT TRIARS LA, LERA T LAY 4
% FRE,

KRR E AR IR RO RN

FESES TM 08 XEFRERL:A X EHS:1003-6954(2023) 05-0075-06
DOI:10.16527/j.issn.1003-6954.20230512

Research and Application of Intelligent Safety Supervision in

Power Operation Sites

QUAN Jie', LI Fuxiang’, CHANG Zhengwei’, DING Xuanwen®, DU Chunzhong’
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China; 2. State
Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;

3. Huaneng Tibet Yarlung Zangho River Hydropower Development and
Investment Co., Ltd., Lhasa 850000, Tibet, China)

Abstract : At present, the safety supervision of power operation sites is overly dependent on manual work, with a low degree of
automation and intelligence. So the contents, methods and algorithms of intelligent safety supervision are studied, and based on
depth perception camera, image recognition, machine learning and other technologies, real-time monitoring and intelligent early
warning for safety production behaviour of the personnel in the site are achieved, which can significantly improve the automation
and intelligence level of safety control as well as the deterrent effect of violation of rules in the site. And the research results
have been successfully applied to typical operation scenarios in several substations, converter stations and laboratories, which
significantly improves the safety level in the sites.

Key words :intelligent safety supervision; image recognition; detection algorithm
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Construction and Application of Assessment Model for Safety

Risk Control Capability of Electric Power Enterprises

ZHOU Lin', XU Changqian', LI Fuxiang”, DENG Yuanshi*, LIU Tao>, YANG Lin®
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract ; The security management of electric power enterprises is an extremely complex system engineering, and many factors
such as personal, equipment, power grid and information security all determine the safe and stable operation of electric power
enterprises. All electric power enterprises have carried out safety risk management and control work, but, they just identify,
evaluate and control the single risk, the combine safety risk can not be evaluated. Therefore, focusing on " control capability" ,
a "inherent+control" and " whole process multi-objective" dynamic assessment model of safety risk is proposed, which accurately
reflect the comprehensive control capability of electric power enterprises in terms of personal, power grid, equipment, information
and other aspects of safety risk. It can provide a reference for safety risk prevention and control management of electric power
enterprises.

Key words :safety risk; control capability; quantitative priorities

0 51 &

B AT S TR KU AT Sk & FE A
6 AT TG B JXU , B 4 JXUB 5 B 5 0 A 2
T TR B R E FER S H B
B2 4 RS 42 1S40 7 202 R TR 9 1 TR SR
EFEE RS 4 NHER RS R T ER S

AR 24 B2 A i R LA R 4 fE
2E A2 A S A T T I I

2003 4F IR ATH 2012 4F B RE R TR A5 H 46
FHT U], A R0 22 AR DR [ R 2 4 S
R ETHR A2 ARE KR, J2 L T Al b U 7
SPERAEARZE . AARIEE N B A i MiaAT
7 N LB S ot N RS T e B i A
TR PR AN 2 A XU S AR T, BUA R Al KU



A T LA T B E P A o S 5 i AR
HE— TGRS i A7 RS, FLBE 2% Bl 55 R0, A
BER ERIR AT L e B X RS Ak R o i, 1B
TR RIE L )4l 235 2 A MUK F HANBERT K
R il e ST AT ER G VAN

T P ) Aolk R 2 KU < PR RE 1 R
ALK R BN 25 R AR A A T A g Aol KU 95
PriR A T AR, ST ) Al B 4
I8 7K P B IS 47 i BE 0 B AL R AE . PR BT
Wi 0 R T Aol 2 e XU RS 38k 538 B 4 B L A7 i
T3, J8 3 R W i 8 5 4 AR AR 4R A SR AR, BT R
FARTEH 7 Aol 22 4 AU B Y RE 7, b A N 2L
F KA

1 224 RS P i e 0 AN 1542

1.1 iR

B B XU 92 R PE A PR FE L AU 4R
P43 Borda HEF I, L3R U7 38 & 2 T X R A
1A T A AR 25 R i SR ™ R R A 5 T PR R A
FE o WA R E G e 0 B N, AT A — i
SR AT e AR B N, R 2 T At 2 R R
KJmy, PBEBE, B 74l 22 4 XU 45 il AN 75 2255
DRI 5 e Frg /NI AU, i 390 A9 AT g e | 3 5 A i XL
I IS AR 1) 22 S RO At 32 LRGSR A A5 21 A
T 1 R, BT CE S A BRA R 7 e
ORI A R ) | ) 1 20 4 XU A 4 25 5 48 ol g
N e ol U U Gy NS = NN LI & LI F S
4t 4 2% H S EEX 4 KR E I E RN R K
HAVIOR U2 H B s & v B EE XU, % 0 &
A JERICE B BRSO () | A
FAMEE AN SR
1.2 M ERR

DS A ol & N N e b i =W s S I )
T ANE B R FE 4 7 A KR
bro fEARITRENE SOHE RS BIA S ik,
BhR IR Z R MG B R GR BB, b AR
FHE R P52, SEELE A IE R PEAT

H g Aol 2 4 AU T BEOR R T 42 3 SR IR 5
M) A5 PN RR 1] 249 (HL TG k2R B i, SR R T it HL
AN 22 10 DRV 44 33 28 IRURS: P oAy T A XU [
A WEFE PR & T 3R AR IS 5T — LR Ar AN

ETETESPNE= N T - SN L2 DN

'

HHE S L XU, F T 22 4R ) 1

v

HEST VAR iR 5

'

WAL PHG . B

B 1 R g B
12 TR R, XL K 2 A RS 7y 42 o g
PR A XU 2 PIR A, B r FE AR S XU Fig s, e 5
T 3 NFEFREH 9 T —ZAGHR A 11 T HAGHR
1.2.1 BEAREIEARAK R

A A 1 A FE bR 2 2L FE AN B2 H 1A
KM LAF R, R 1 s,

N A AR AR T H il H 32 4
AR AU SR ERBE AU 2 — e dh b, L s 4
TR AR B TN A T I g XU 5 3 e 5 o
TSR B HE AR AL & T ZE 40 35 IR A A R 38 % 58
AT RS 55 PG 2 B B N B3 HR AT TRT IS 174 38 38 RS
SR EER

FL D 15 25 25 [ A KU PR AR & T IR & R V3
BREMWE A8 R, B RZRRAE T AR
B R R R KT R XS AT I RS PR R 3K 3k
IR T HL i b B PRI A5 A ) L 22 4 s A 7y 2R 1Y
AU

RESEYSE S S AN N )i € LN €PN 4
WE RGBS, EERAE T AR R X A
LN K W I 454 4
1.2.2  =HR &R

F THPPR A5 XU 2 A 8 B X D7 [ A XUBS: 43k 3
XK, BB RIGIR, X EE bR K T D A S
M 3 DR 2 1 b XU 74 5 N B 2 4 XU [
250 TR MR SR M (5 B 2R AR, EE
SN R N A o | N o S o B S Dl G
e B R B A I B AR A sk T HRSE RS
BRI % R Wi A R IE #8173 45
Bk P B 508 R AR AR A TR A BT, ST AL
AR PR TR PR R 5 50 =202 M4 5 B A6,
k2 pim,



=1 EARKEELIER

— Y FEF5R Y e R 7 Ei=L 7N
FH, ) 128 4 N e i A it
K HEBE RS MU P A TR
AN LT LT IRAR AT B |3 % 52 38
KUz A7 3RSz
110 kV LA b F 48 K 2% | 7
o . % \GIS IBAT4E MR, 110 kv LA
i BERNR o i i R
ek FRL R 4 [ A XURS:
THHLSER VK Rl kR
S m : >
N
2 AL HC S B
EsES L YN 6
*z2 EHREXKEEMLIER
— Y dEF5 A5 /&[N
B HRR AR
AE% R A IR S R A
KR 1 e ‘
FRIIREE ) s
PR B R B B %
110 kV DL E B4R IE# 8 1T
110 kV LA b BE £ 4 5 00
H ESGIEES 110 kV DL AR R 2R
Pk D7 W RURCE | B AT SRR A
L
(TIPS E S i FL P e i 42 R
B R S E R B
i Wb 2 B
IR # il ¢
EP EEE AR B
IFI=ES il %
R IEESS B
BEE s R A

1.3 EMER
1.3.1 F8AREM X R4S

RO B8 2 1 AR SR VAR SR B 1 JEL AL AR i 45
Kfghrtt e g, 454 B SR BN 4 B 1Al $5 b
AR ZEAE N ORI B 0 7 VR ST T A5 B 5L PR
FebrsRJE R %k

1) Bk RLSR & pRi L

PR S 110 KV RA_E FAR R | B2
GIS , W8 1747 PR LA I L 25 28 1 3 4 XU 5
FEAR IR TR bR BB RAE T o W 3 A B R R
R s S O e W ) Q= T D -
by hb I e B SRR o A, T B RS AL SR T eR AR
Sy A REAE i8R /N RS R R d Al i (1)
Fi7R o

l,x <a
b—x
B b-a’
O,x >b
s o SR SRR BB B 1 B AR AR T AE s a
b 533 R e b A A 1
2) R SR pR
PRI XRS5 45 T By 8 4 3 B 4 e I
T AT IR B 4 BSR4 7 R v T RO R
ARFLFT IR SUBCEEFE B, 12 S48 AR i — il
Py RISE JE R B A AR 38 R /N B TSR E AR Ak
{1, =t (2) fios

a<x<b (1)

1,x <a
b-x_,
a=3(—)",a<x<b (2)
b-a
0,x >b
3) HE R RIS pRAR

PRI 7 W R G B i A 8 2 A KU

P A )RS R GRS TR R BUR R, 22548

T ik JE R B PR S e bR B 4 AT SRR s s /N RS 5
febri b (e, = (3) PR,

1,x <a

a:O,x>b 3)

Xof SR Ja R TASOR AR 1E , A5 B BOR DT A P

AR —FE AR AR 2 &, LA 110 kV DL B F7A2

JEAS BTEEAY GIS 12 174 BR¥8 b5 A 1], 55 HL 14

WE KB ERIERTAZEN R =

[rornrsrery ), Ho ko IR, R&n]
=g Sl FE BB AT AEPRBOAERE R

R, Tl Ty
R = | R, | = | ryrplylay.. Ty, (4)
R, T3 T3l 33T 3400 T3

1.3.2 FEAFmE

SRR AR T 4 A R R A I
BRI TTEIE . 3 LR M BORIZ £ VF 2k, 0 i
ST BT R R AR A KU A 1R 2
TEPS ST

N E RO A R ) 0 5,6 = (8,,6,,8,) . JE
5,20, [L36,= 1, AR R R T AN
S AP TR ) ol 22 4 RIS A AL, o
SEPEIR A AL T 0 AR ACAE 55, LR



H R PR AR 238 T 400 X Wl 3 XU P SE Bk %
TR RRAE T 45 ) Al B0 A i 7 38 3 1 SR
U o R FRITFGE , 45 G Ak W B %
FRIRTFCE WG 3 #r, AT A5 3 P AR A 43 5]
$90.5.0.4 50.1,
1.3.3 WL RE

Fic L TR A O OC 2R R R AR AR
HSUER [ et 55 RORY) O 2R R O 3 i R T A5 3]
[T A7 DRI i R S R 28 XU s P BRI 235 SR 4

R,
B=6xR=[0.5,0.4,0.1] - |R,|=[b,,b,,b;]
RS
(5)

ORI 25 AR PRI T L 7 Il L G A7 AU X 4%
SR TAE SR8 B, LA ) JE 2O VR e M
F, T Al [ 22 4 DRI vy AR AR XU 42 R 285 A
SRtk — 2L B A5 F T Al 25 2 4 RS 42 il e T 3T
M, 3T 6T [T A IR R 47 DR 285 XU B A 235 R 4 i
— R

W F o WA IR R R G Rl de bR, A

Fu = By = By (6)

H 2 (6) AT Fy, Ry H T Aol 22 4 XU 42 i g
TV EE R E (S5, v T AL IPAl 45 i 4
P RS A I O, 24 F BB R, 2 B L 4
Ml 722 A JRURS: 42 1 8 0 380 5 AF R, IR BH L ) il %2
2 XU 4 il e 155
1.4 FEMHEIE

e X [T A IR ey R 2 o R 285 IR R 1% 79 s £
AP F o PS5 S 1 AN B8 5 4 L5 i i FL g il X
DRI 2 o P 285 3 7 B R RS 2 T ki . A WD sS4 T
St SR o B XSS 2 o1 8 7 2 040 A% 0 DR 2 o DA
SRR X R S HE T A g R T RME

KT G FRAE IERE I Ty 4l P 22 4 AU
WA 4y R 4 28, R 2 IR,

F o FBRHEP AL T8 —Z BRI Al [ A XU+
PRI, 3 RS XU AE A, 156 IR 32 28 Al T I 1 22
A XU R, RS s il e 0 22

F o FEVRHET LT85 2 BRI Aol A7 XU+
BRI, 32 RS XU A /)N , 156 B2 Al T I 7 22
e XU A, RS 4 il i T -

F o da bR 7 T4 =2 BRI, A KBS+

53
oG fE

B, | EERRL,
PR A5 PR %=

P RIAR S TRk

EHILE 3
[EEEPRY o
PR %=

H=ZIR:
[ RS/
PR 4

B2 MKRRIEEEM

PE/IN FERPIRAS USRS, Ul Al i i 1) 22
S U/, DRSS A il BE 1 4

Fo FEARHEP L T2 DU IR 4ll, 15147 XU i
BRAEL/IN 4 DR A XU (BRI 2K Al T i P 22
SR/, U T BE T 22

AL AT AR — 5 = G R P ol
LA AR P BE 1 AN S5 SR B W i, AT LB
PR RLAL ., FR T A XURE BRB ;S HL 7 A T
(9 2 WA | JEIRBUE | PRI T3 B gy 17 T2 AT (E
EIE X W g Aol B F g, {H R AT 2 PR A Ak B,
KBy /YBR[ -4,4] . [-3,3].[-2,2]FI[~1,1]
(1952 RS HE P A Z2R AN 1AL 3 PR

o Rtk IR o RUERHEHIRATER
. .

(a) [-4AMBIERRIEHFAM (b)) [B331BIER RIEHTF 450

oF o FUREHIRAET
.

oF o MU
.

(o) [22MBEERREHFANM (D [-LINEERREHR A
B3 SeRENBELHFSH

ML 3 A5, 36f 25 1 g ol B8y A DRSS A% il

ARZS KSR AR A 7 A R BR % 44 R E AT o0 2, %= A

Ui By 25T [ =3, 3 1 M2 H RS HE T AMERT



AL SR PRACELR, RERG IR B HL T 4l 22 4 RS 12
e T LS 54

2 K

B4 RS Tl BE 1 PEAf 5 R ) 7 Al 2 4o
RH AT KBS SRS B ZE R, %
RFR H 2021 FAEHA YR T & st T LK, BT
FEHL TG Sy Al 3 2 AR A OF Y S BOR T R
38.8% , NG RNLLF A R AT TR 67.4% , W
EAGARRFER AR TR 29.5% , i 90 7y
Al A e 4 KA LA R Tt

IS 3 LA < ) 7 3% 252 W AN DF- A JR 38 P 38 HE
e — 2 W ) Al SE R 2R 7 A 7 A T
B AR T e A A R 0 R T A AN RE R A T
DI T SR A 559 0 E T A AN P F Btk A5 H o4
M 38 o IR 32 S i, e 2 S B 2 4 R 4 TRT R 45
CIECN:E

3 45 &

BT FL g Al T e 149722 4 AU, LA RIS 42 il i
J1oR R AR A MR TR TSR pR ORISR 45 R A 1Y
LR MBS A% i e BRI IT e 7O R, 15
LU &5

1) S R T A DXL R 42 i AR 25 KU 435 A 1 &
Sia e TR e NS B B S
SAEAS DT T 2 A XK 5

2) [FA IR R 47 A DR 285 XU 48 A 1 2% a2
R ASL BTG B ARG, HEER T AT AR bR 1,
B R T L Al KU FE IR 9 B S P R 2 WL 5

3) A AU A2 1 BE T3 WA 48 Hh T Al B
AR B P 58 BT, O T 45 L Al 22 4

NS A0 T LASE R T 1m0 B XU 2 il H
bi AR T AN i R AR,

S2%5 3k

(1] 22 M, 2, % BRESZ e B
RIS BEA M ()] P EE 2R E R,
2019(15) :35-39.

[2] 50, F 0 A 1 28 4 RS B AT F8 45 5 08
B[ D]) M AR R TR 2, 2014,

[3] BRED,E R, BN, 55, 2 P2 A N B 28 4 XU
IR R B[ 1] B iR &3, 2022(43) :35-37.

(4]  whRISE AR A 2 4 RS BRI R R AFR[D].
demt . Aedb J1 k4, 2014,

[5] g X o 22 42 SEA7 RS A B R [ 1] s %2
AHAR,2013(1).48-49.

[6] TIMIA N IBEIEN NG E 2GR )] B % e
A ,2008(3).58-59.

(7] WGEER G2 B ) RG] S PEPP AR IR PP 1] UK 3
2R (T 240T) ,2008,41(4) :96-101.

[8] WHE, ZWRZE, EWC, 5. W 4k XUk 4 s 8
W [ M.t o E 7 R, 2006.

[9] SCxRW, M ST EUER LY % 22 X w b S
BB 1] B AR5 T8 ,2019(7) - 183-188.

EEREAT:

JA OA(1966), B , ESB IR, T BNFL LA~
£28 T AR
®EAT(1978), B, A TAEIF, £ ZIF & W iE b

(RN
FEH(1973),8 , HBAGA IR, T ENFLA

&R TAE,
ARAE(1985), %, GA LA, T EMFL LU R

2 T4k,

X E(1986) , 4%, B AR LA, £ BNE B W SRR

T AE
¥ O#(1982),8  ESHB IR, BN EL AL

A T AR (U5 B #A:2023-06-09)

wi

PIIIFIIIIIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

S QUR R

R 2 47 W)



0

110 kV GIS 73246 2% 1 Jay 35 550 v, 46 0 55 it AR o0 Ay

B R,EOM,E LN &#.% &,AHH,EEF. A ILKE E#
([ a1 e 2w 2 =] D1 AR 610041)

W OE.—R11I0kVGIS 2XL4 T HIKBHFFET, BN AHEZM A E L AIKRRO> > AE GIS T
B RGE S FRBAT TN, FBEZR AR THAERETRETRAET, 545 EAEHIE

AR R EAALE  FIMZ AT RXLE T WA ERG LKL, 2L E ZAENEXLET SRS

K% F WA ) 09 IL A A B A B AR BB AL B K AL T L R RARAF AR AR AR AR, W R AR G ke F

B AL AR ERBG TR —REA B G LG EH LR, TAR S G RN TG AT IR T
W55 A%,

S CIS; BT A T RO 264050

HESES.TM 855 NikiREA:B iﬂiﬁ? 1003-6954 (2023 ) 05-0086-05
DOI;10.16527/].issn.1003-6954.20230514

Partial Discharge Detection and Disassembly Analysis of
A 110 kV GIS Basin-type Insulator
GAO Jun, QIU Wei, CAI Chuan, LIU Xin, GUO Chao,

CHEN Xingyu, HE Kai, CHEN Jia
(State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

SHI Kaimeng,

Abstract: The abnormal signals of partial discharge of 110 kV GIS basin-type insulator are detected and analyzed by UHF,
ultrasonic, gas composition analysis and GIS intensive care system etc, and the discharge source is accurately locked in
disconnector gas chamber through time difference positioning. Combining the characteristics of UHF spectrum and the location
of discharge source, it is determined that there is an insulation discharge near the basin-type insulator in the gas chamber. After
the gas chamber is opened, there are traces of ablation at the bonding between the basin-type insulator and the conductive rod
of disconnector in the gas chamber. The poor assembly process of bonding causes burrs and air gaps in this part so as to form
an uneven strong electric field and cause partial discharge. The discharge of basin-type insulator is a typical case of insulation

discharge, which can provide a reference for the analysis and treatment of similar abnormal situations in the future.

Key words:GIS; disconnector gas chamber; basin-type insulator; UHF; insulation discharge
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Detection and Analysis of Winding Deformation of A Transformer

LI Lin', XIE Qian’
(1. State Grid Deyang Electric Power Supply Company, Deyang 618000, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: A winding deformation of 110 kV transformer in operation is detected and analyzed. Firstly, the situation of
winding deformation are preliminary analyzed through capacitance, short circuit impedance and frequency response detection,
and then the causes of the accident are analyzed through transformer disassembly inspection and winding material detection.
Finally, the corresponding rectification measures are proposed.

Key words: transformer; winding deformation; capacitance; short circuit impedance; frequency response; yield strength
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