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Stochastic Optimization of Dispatchable Load Response and
Punishment Price Considering Response Uncertainty
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(1. Power Exchange Center of State Grid Anhui Electric Power Company, Hefei 230061, Anhui,
China; 2.School of Electrical Engineering and Automation, Hefei University of Technology,
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Abstract ; Dispatchable load ( DL) participating in demand response will reduce system power deviation and promote renewable
energy consumption. But with limited regulation capability, the response of DL is uncertain, which is undesirable to the market
participators. A punishment mechanism for response deviation can be formulated. But a loose punishment is not effective,
and a severe punishment will reduce the enthusiasm of DL supplier. Taking the response deviation as a random contributing
factor, a stochastic optimization model of DL response amount and punishment price is proposed based on the relationship
between response price and amount, punishment price and response deviation. With the expectation model, it is transformed to
deterministic optimization model. Finally, the effectiveness of the proposed models is verified by numerical results.
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Dynamic Aggregation Optimization Model for Multi-source
Units of VPP Based on CVaR Risk Control

LIU Guoxin, WU Jiekang, CAI Zhihong, WANG Ruidong, CAI Jinjian, ZHANG Hongye
(School of Automation, Guangdong University of Technology, Guangzhou 510006, Guangdong, China)

Abstract ; Virtual power plant( VPP )has the problem of generation and load uncertainty, which will lead to VPP facing risk
loss while gaining profit. To solve this problem, VPP can be set up by selecting units with suitable adjustable capacity from the
existing multi-source units in day-ahead, so as to effectively avoid the risk loss and maximize the revenue of VPP. In this study,
conditional value-at-risk( CVaR)is used as the index of risk measurement, and the optimization goal is to maximize the operating
revenue and minimize the risk loss. The dynamic aggregation optimization model of multi—source units is established based on
CVaR risk control. Firstly, scenario technology is used to simulate the uncertainty of generation and load in VPP. Then, the
influence of risk preference of VPP manager, environmental penalty cost and purchasing electricity price on the units selection
of VPP is studied. Finally, a simulation example is given to verify the correctness of the proposed model. The result shows that
the dynamic aggregation model can effectively reduce the risk loss of VPP and improve the power supply stability of VPP when
the VPP manager chooses the appropriate risk preference.

Key words: virtual power plant; multi-source units; dynamic aggregation ; conditional value-at-risk ; risk preference; risk loss
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Research and Exploration of Artificial Intelligence Middle
Platform Technology Suitable for Power Scene

ZHANG Linghao', PAN Wenfen®, PANG Bo', WU Kaijun®, ZHANG Jie'
(1.Sate Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2.State Grid Liangshan Electric Power Supply Company, Xicang 615000, Sichuan, China)

Abstract : Recently, artificial intelligence technology in power system has some application achievements in various electric
business fields, but most of them are at the application level, lacking system level solutions. The problems existing in the
application of artificial intelligence in power industry are discussed, and the solutions are given. Aiming at the situation that
the sample collection is faced with data dispersion and collection difficulties, on the one hand, a unified platform is built for
sample collection to make it fast and simple, on the other hand, the idea of data backflow is introduced to collect the data
detected on the reasoning side to the sample collection platform, which realizes the automation of sample screening and collection
process. Since data annotation is a labor-intensive work, an active interactive annotation technology is proposed to realize the
intelligent annotation of sample data. For the problem of small sample size of model training, the idea of transfer learning is
introduced, and the pre-training model is adopted, which not only does not affect the effect of the model, but also reduces the
training time of the model. For the model migration to edge devices, the poor portability of the model is caused by the edge
device architecture and model framework. The model conversion of different target architectures is realized based on open
neural network exchange( ONNX) to solve the problem of hardware compatibility and improve the reusability of the model.

Key words: artificial intelligence technology; intelligent annotation; cloud side collaboration; transfer learning; technical
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Behavior Recognition Technology of Power Operating
Person Based on Deep Learning

WANG Hong' ,DENG Yuanshi*, CHANG Zhengwei’, WU Jie*, CHEN Mingju'
(1.Artificial Intelligence Key Laboratory of Sichuan Province, Sichuan University of Science &
Engineering, Yibin 644000, Sichuan, China;2.State Grid Sichuan Electric Power
Research Institute, Chengdu 610041, Sichuan, China)

Abstract ; At present, the field safety monitoring relies on the professionals to monitor the surveillance video throughout the
process, and the manual detection method is very time-consuming and prone to false alarms, which is difficult to ensure the
personal security during the operation. In order to realize the intelligent recognition of human behaviors in power operation
field, an OpenPose-based method for detecting dangerous behaviors of electric power workers is proposed. This method extracts
the key point information of electric workers’ skeletons from the video stream images, and uses deep neural network to realize
human behavior situation awareness in multi-person scenarios, which can realize the real-time detection of construction personnels’
illegal behavior and issue early warning. The proposed method realizes the accurate and real-time safety monitoring of human
behaviors in power operation field, and guarantees the personal security in the field and the smooth progress of power operation,
and the model has a good robustness and generalization ability.

Key words : human pose estimation; deep learning; power operation; behavior recognition
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Research on Situation Awareness Method of Electric Work
Vehicle Based on Rotated-YOLOV5

ZHANG Jinsong', DENG Yuanshi®, CHANG Zhengwei’, WU Jie*, CHEN Mingju'
(1. Artificial Intelligence Key Laboratory of Sichuan Province, Sichuan University of Science &
Engineering, Zigong 644000, Sichuan Province, China; 2.State Grid Sichuan Electric
Power Research Institute , Chengdu 610041, Sichuan, China)

Abstract: Aiming at the problems of safety monitoring of electric work vehicle in power operation scenes, a rotating target
detection algorithm based on YOLOVS5 is proposed. By detecting the rotation angle of mechanical arm of electric work vehicle,
it can judge whether the working posture of electric work vehicle in the current operation scene is safe or not. The data annotation
method of YOLOVS5 is modified, and the circular smooth label method is adopted to transform the boundary regression problem
of angle into a classification problem, so as to solve the sudden change of loss value caused by periodic change of angle. The
experiment results show that the average detection accuracy of CSPDarkNet-YOLOvSI model for the mechanical arm of electric
work vehicle reaches 80.02% , which is better than GhostNet-YOLOvS1, MobieleNetV3-YOLOvS] and ShuffleNetV2-YOLOvS5I,
and the prediction for the rotation angle of mechanical arm is also the closest to the real value.

Key words :rotating target detection; angle prediction; circular smooth label; power operation
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Data Characteristic Analysis of Monitored Voltage Sags in
Hainan Power Grid

FANG Ming'*, LI Tianchu'”’
(1.Electric Power Research Institute of Hainan Power Grid Corporation Ltd., Haikou
570311, Hainan, China; 2.Key Laboratory of Physical and Chemical Analysis

for Hainan Power Grid, Haikou 570311, Hainan, China)

Abstract ; The characteristic analysis of voltage sag monitoring data is one of the key means to understand the voltage sag level
in the region, which can provide the basic information for control and prevention of voltage sag. Based on the voltage sag monitoring
data of power quality monitoring platform of Hainan power grid, the voltage sag waveform amplitude and duration, phase angle jump
and sag type are calculated and analyzed. The results show that:the amplitude of 70% measured voltage sag is higher than 0.7 pu,
and the duration is less than 0.1 s. 90% of the measured voltage sags are in the range of [ =10°, 10°], which can be inferred that
most of the sensitive equipment in this area can avoid the sags causing equipment failure due to the phase angle jump. 60% of the
measured voltage sags are type D caused by single-phase ground fault, and only 3.79% are symmetrical sags type A. The analysis
data and results can provide a technical basis for the decision-making of voltage sag control in grid side and user side, and for
the setting and commissioning of relevant parameters by equipment manufacturers.

Key words: voltage sag; monitoring data; sag type; phase angle jump; characteristic calculation
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Modeling and Analysis of Induced Voltage and Induced Current of
500 kV Double-circuit Transmission Lines on the Same Tower

TANG Haolong, FAN Yan, FENG Qianxiu, MOU Tingting
( CPECC Southwest Electric Power Design Institute Co., Litd., Chengdu 610021, Sichuan, China)

Abstract: When one circuit of transmission line operates and the other circuit of transmission line stops, large induced
voltage and induced current may be generated on the shutdown line, which has certain potential safety hazards for operators and
equipment. In order to study the induced voltage and induced current under different operating conditions, a simulation model of
500 kV double-circuit overhead transmission line on the same tower is established by using ATP-EMPT software. Then, the
effects of line length, transmission power, operating voltage and soil resistivity on induced voltage and induced current are
calculated and analyzed by the model. Finally, the hybrid differential evolution-particle swarm optimization algorithm is used to
fit the formula of induced voltage and induced current. The results show that: the line length has a great influence on the
electromagnetic induced voltage, electrostatic induced current and electromagnetic induced current. The transmission
power has a significant effect on electromagnetic induced voltage and electromagnetic induced current. The operating voltage has
an effect on the induced voltage and induced current, almost in direct proportion. Soil resistivity has a certain effect on
electromagnetic induced voltage and electromagnetic induced current. Through multi-variable fitting analysis, the functional
relationship between the above influencing factors and induced voltage and induced current is obtained, which provides a
reference for the estimation of induced voltage and current in subsequent projects.

Key words : double-circuit transmission lines on the same tower; induced voltage; induced current; multi-variable fitting
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Transient Overvoltage Waveform Restoration Algorithm Based on

Incremental Wiener Deconvolution

ZHENG Xin' ,DONG Chengfu’
(1.Chongqing Expressway Engineering Consulting Co., Ltd., Chongqing 401147, China;
2.Vertiv Technology Innovation Center (Xi'an) Co., Lid., Xi’an 710000, Shaanxi, China)

Abstract: In the design of contact overvoltage sensor, the effective bandwidth of measurement system is limited due to the
influence of distributed parameters in the line. In view of this, the deconvolution signal restoration algorithm is studied, the
traditional incremental Wiener deconvolution algorithm is improved, and an improvement algorithm for y prediction is proposed.
With the help of partial pressure measurement system at the end of casing screen, the test is carried out. The results show that
the proposed algorithm can repair the distorted high-frequency components in the measurement results by processing the output
waveform of the sensor, so as to obtain the original input voltage waveform accurately and further expand the measurement
bandwidth of the measurement system.

Key words: deconvolution algorithm; Wiener filter; frequency response
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Analysis of Space Electromagnetic Environment of

EHYV Crossing Transmission Lines

MA Mingzhi, YANG Changjie
( Gansu Diantong Electric Power Engineering Design and Consulting Co., Ltd.,
Lanzhou 730050, Gansu, China)

Abstract: Aiming at extra-high voltage (EHV) transmission lines with crossing, three-dimensional space electromagnetic
environment of EHV crossing lines is studied by finite element method, and the influence of different phase sequence arrangement
and different crossing angles on the space electromagnetic environment is analyzed. For the transmission lines in plan or having
been built, chaotic particle swarm optimization algorithm with variable parameters is introduced when electromagnetic
environment exceeds the standard in the target area, and the optimal erecting position of shielding lines is searched to make
the best shielding effect, thus, the optimal shielding of the target area is achieved.

Key words: EHV crossing lines; electromagnetic environment; finite element method; chaos; particle swarm optimization
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Discussion on Technical Scheme of 500 kV Independent Series
Reactor Station Arranged in the Middle of Line

CAO Yin',LI Longcai' ,GUO Jin', WU Xiaolun', LI Chunmei’
(1.CPECC Southwest Electric Power Design Institute Co., Ltd., Chengdu 610021, Sichuan, China;
2.State Grid Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China)

Abstract : Compared with the common series reactor station arranged next to 500 kV substation, the independent series reactor

station arranged in the middle of 500 kV line has its particularity from the selection of connection type to the design principle

of power supply and grounding. Taking Sichuan 500 kV Jianpeng series reactor station for example, the main technical princi-

ples for 500 kV series reactor station arranged independently in the middle of line are discussed. Through the investigation

and research of the built series reactor stations and combined with the related procedure specifications, and considering the require-

ments of operation and dispatching departments in power grid company, the main design principles of 500 kV independent

series reactor station are proposed.

Key words : series reactor; independent series reactor station; technical scheme
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Method of DC Voltage Level Determination for Offshore
VSC-HVDC Transmission Project

CHEN Peng, ZHOU Guoliang, MA Liang, YANG Jingen, LIANG Yanqgiao, ZHOU Siyuan
( Central Southern China Electric Power Design Institute Co., Ltd. of China Power
Engineering Consulting Group, Wuhan 430071, Hubei, China)

Abstract; With the increasing of the scale of offshore wind turbines and investment and the gradual decline of construction
costs, offshore wind power resources are becoming increasingly scarce. Large-scale and long-distance offshore wind power
transmission project based on voltage source converter based high voltage direct current ( VSC-HVDC) technology have been
widely deployed. In offshore wind power VSC-HVDC transmission project, the DC voltage level is an important technical
parameter to reflect the transmission capacity. Based on the limitation requirements of steady-state and the transient ampacity of
IGBT devices as well as DC marine cables, a method for determining DC voltage level of offshore wind power VSC-HVDC
transmission project is proposed. On this basis, taking a 900 MW offshore wind power VSC-HVDC transmission project for
example, the process of determining DC voltage level of the engineering case is given. The proposed method is conducive to
reducing construction costs, which is of great significance to promote the large-scale intensive development of offshore wind
power and the development of gridintegration technologies.

Key words : offshore wind power; VSC-HVDC transmission; IGBT devices; DC marine cable; DC voltage level
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Cause Analysis and Countermeasure Research on K-joint
Deformation of Angle-steel Tower

GU Liangyu', LI Lin', LIAO Xingjun', LIU Xiangyun', LONG Yuanjie’, FU Weibin’
(1.Southwest Electric Power Design Institute Co., Ltd. of China Power Engineering Consulting Group,
Chengdu 610021, Sichuan, China; 2.Construction Branch of Yunnan Power Grid
Co., Ltd., Kunming 650051, Yunnan, China)

Abstract ; Cup-tower and cathead tower are widely used in single circuit AC transmission lines, but the K-joint of crank arm is
a relatively weak point in stiffness. Taking the deformation statistics of the K-joint of crank arm in cathead tower in a 500 kV
AC transmission line project for example, the deformation causes of the K-joint of crank arm are analyzed from three aspects of
design, processing and construction, and the appropriate structural measures and construction requirements are put forward.

Through the verification of a new project, the effect of the control measures is remarkable, which is worthy of reference in the

future tower design and construction.

Key words: cathead tower; cup-tower; crank arm; K—joint; deformation control
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Research on Failure Mechanism and Influencing Factors of
New Type Anchor Foundation

YAN Xiuqing, GU Liangyu, YU Guoqing, DONG Bixia, WANG Shenfu, WANG Bo
( Southwest Electric Power Design Institute Co., Lid. of China Power Engineering
Consulting Group, Chengdu 610021, Sichuan, China)

Abstract:In order to overcome the application limitation of anchor foundation in mountainous transmission lines, a new type of
anchor foundation composed of free section and anchored section is proposed. The stress distribution and failure mechanism of
the new anchor are studied by finite element numerical method, and the factors such as bond strength, anchor length, rock
type and hole-rod diameter ratio are analyzed. The results show that: the distribution range of bond stress between grouting and
rock and between anchor bar and grouting is only in the limited length of anchored section near the tension end, and the
distribution of stress is extremely uneven; the bond strength is an important parameter to judge the failure interface type of
anchor rod, and has a great impact on the bearing capacity; there is a critical value of the anchorage length, and the failure

surface occurs at the interface between grouting and rock, the bearing capacity of hard rock is obviously higher than that of soft

rock, and the optimal ratio of hole diameter to bolt diameter is 4~5 times.

Key words: new type anchor foundation; finite element analysis; influencing factor research
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Fracture Failure Analysis of Aluminum Conductor Steel
Reinforced in 110 kV Transmission Line

CHEN Jiahui, WANG Fanggiang, FENG Jie, LIU Xi
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: A aluminum conductor steel reinforced (ACSR) in 110 kV transmission line is broken after the operation for 22
years, which seriously affects the safe and stable operation of transmission line. The reasons of fracture failure are analyzed
through running condition investigation, visual examination, scanning electronic microscopy analysis, mechanical test

and material analysis. The results show that low tensile strength and surface wear of ACSR are the main reason of fracture

failure. Some protection suggestions are put forward to prevent such fracture failure.

Key words: aluminum conductor steel reinforced; fracture; tensile strength; wear
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Defect Analysis and Modification of Saturable Reactor in Siemens
Converter Valve of +800 kV UHVDC Fulong Converter Station

TANG Shixiong', YU Yuexiao’, CAO Yunlong', ZHANG Peng', HUANG Yu', ZHAO Ran', LIU Longchen’
(1.UHVDC Center of State Grid Sichuan Electric Power Company, Chengdu 610042, Sichuan, China;
2.State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract ; The saturable reactor in Siemens converter valve of 800 kV UHVDC Fulong converter station has complex structure
and low reliability, and its water cooling pipeline is easy to leak during operation, which results in the block-locking of DC
power system for many times. Based on the analysis of typical defects of saturable reactor in Siemens converter valve and
combined with the practice of UHVDC transmission project, a new saturable reactor for Siemens converter valve is designed
and developed, which has been successfully applied to the reactor modification of converter valve in Fulong converter station.
The test results show that because single winding and single cooling pipeline is designed for the new saturable reactor, not only
the external electrical performance, cooling water flow characteristics, structure size and weight of the reactor basically
keep unchanged, but also the reliability of cooling water circuit of the reactor is significantly improved, and the operating
vibration stress and noise level of the reactor are reduced, which can meet the technology needs of UHVDC transmission
project. It has very important engineering application value for improving the intrinsic safety of converter valve equipment and
ensuring the energy availability of DC power system.

Key words: HVDC transmission; converter valve; saturable reactor; water leakage; defect modification

B BT H R o £809 KV, 4 5E L A 4000 A, &

0 51 7 T Al A I AT, B 2 A R AR AR Y
12 [Tk sl 48te G i H B0 11, $88e U 1R 152 8 > W 22 V8 H FL

37 B R B R SE, 08 LR £800 kV, T AR A R TR A /) (AT R AR VTR 2 | ) 2B 7
EETE [ P01 4 F1 2 /R H (521997220015) BT T T3 AR B9 KGWEF-4000/+800 # ETT #



T IR B PURE L R 1] R AL i R 7
I A AN B TR R 3 ) T, B TR
Wi A 4 AT R B RITZRA 6 S RE
W CHES ) 3 2R 8 i s 4, A XU 1 (1
B5) 2 AR AR, B TR LA 2 AR,
AL (IR)Z) B 46 2 A B, A4 ARy 15
AL 2 MRS 1 A hh AR

52 e b LR VY T 2 48 3t TR LA 0 TR A7 i 384
Ho el i v s AR A e T i, 7 1 W fioh S B
H B A I A N R ) R I A A P Rl £ A2
TR Gl A R R S DR BB IR T, Y
)l AE , i Y L AT AR R s P AR i A, 22
BLHRRBHYT, ERIZALPFR R OSSR R R
RN 2 D HBERB YA, S5 EA M WA g R
FUORD IR 2L PR A T A A R T A A (E R BR A
firs ) 657 P91 F 38 R 0 i/ e, 300 T 7E it ) A DG T Ao
R i/ de, AR S 1) K A2 R A, 40 A FG S 1 o
it A AR R R 1 BELJE St BEL 1 L Ui i R
A7 LR IR AL , DR LA 7 ek L P A2 B
PYIRARHT, 68 ) A8 G 52 L 3R

VU TR AL A48 7 T 5 14 B AR L A P e R
PR P 5 i e i BEL T H B A9 TC 5 454, 38 A7 i 5
[V ENL B K — L REL T R SR R
A HUBREEF AN HR IR R A2 2, P 25 2R3
Sk 23k 20 Ak, H AR BT i 454 B B AL
2, PHITT RR PR A7 75 2 B BT B Be , I ()12
114 KRB Z i 2 8, 3 20L YA i R R IR
A BV HD ] % 5 U K AT SEREREAR, S T
ol B # A B 22 4 X B i P TR AR E B AT

BEXSVUT] T I AR A IS AT R B T K A
PR R BB R, RS T R RS T 10 4R RY
IBATR , G AR A R AR B B | A
B X, S22 ABB 2\ R4 i IR R A LA
et T2, Bt Il i T 2 e ke 1] 1
REH P8 1 1457 0 — R S T L e i, O i 2
LA AR I 0 e v R AR B o

1 RN R BT i RSB 5 e A
T T F R AL e R R oAb e 1 o

IR LRI Y B N BRS R E  R AT T
XL + LA R E R OB B 5 . R RER

A% U TE | W2 Ak 40 7% 4 9 3098 | s 4% 1Y
BRIES, JFAE L H AL T8 — JZ R A AR S B

AP IREE 10 ML, HLPTas A& T —
UHLAEFNARK A, b W i B 02 FL B A N TR Y A
ALK ;s 40K A8 0 R SR AL £ 0 R 0 22 3R ) (fluorina-
ted efhylene propylene, FEP ) 3% & Fil 4 J& /K %, FEP
PAE TR PTas A, & K E FEAE k& el
R LB

B EIFEBRENE

+800 kV &Rk i i #iz 2= 4 v ]+ R4l
6 378 I T R L B BT % 8 R S B A E
TSR BHLJE 4 R KA TR K (FEP K 5
PO TUT REAN A BIOE S5, TR LI 2 TR, R
SAE B oA 7 BB P s T
rp kS O SR B 4 S K A T K e, 7 R
o T B AR IR TR 2R IB T,

l AL R B 7 2

e
|
et || B \emekmta|| wesror || empmon
(ED " E) (E® (E@)> (E®»

B2 7iF e s B R
1.1 TREHS5EEKEEMERRE MR
HLAR IR 4GS & JE KA el s S an 1l 3
7No ML N R GE B H AL pids N BB A
AR, bR et — B2 5 B S 4
JEAKE R AT, FERE b B, RS e R
JE, @R IR, NS RER S, S e HBH



BB Z EAFAE AL 22, I A i R B R
KA A2 LB Il RIS AT IR 7 AR 2 AL S B AR UK
W, YIRBEER AT, K A 80 4 R K A 2% il
TR 2P HE VR BEOK W BT IR A4 e A B AR~ T

TR7K IR ‘

B3 rRgiFkE A R R PG
12 &RBKESHREERIRENER

WniEl 4 o, P JE K — A 3 U
BB 5, P B R W 2 4 3 O IR IE O 3 Ok
WIS 7 A G e T A 2 5 R BT A B A R
o INTTEZ N WARE TR 20 8 N S K i N YV - £
PR 1Y BELE HEL BHL < Jis 7k A BE R 4 R, A B B
WK 3 oh, o WA IS 47 )5, KA Al 3K T
MR T — L)k 7= TR R e B4,
X < KB AR T LT A PR DY R A 3L TR
YERIR, < 7K A8 2 e 45 s 7K

B4 KESERIREE R
1.3 FEP KEERSHKEMRER A
T FEP KA, S &R 20 28 — Bl 0 2417
JEHRE S, BT RE TR, KE 5K
B OKES R OKE 508w Z AR 27 AL
MO, REOKE K, AR ER

A, WSS R P 3 o e B B R R K
AT A, WA A BT An 3, e B R B SR 1
TIER PSR S SRS BT UL (m R A8 )
MG, UK 5 TR,

B 5 SRSk

TR AN L AR BRI LAY, I8 A7 J5 SR T
FRE R A NTRA S ke A TRy Tl e, AT R A 17
RERR OB SRSR L, SR PERE T [ S 23 T Jey 8
JICRL 7R AR, foc e BB A TRV . R
PN H AU IR S B RCEAEHT T A9 A B
RIS O RERY 375 2 R 2 I35 S ECT 2 S 0R
EEEE K THAh, RGTAREEE OIKIR S U
i 22 1 FBHJE R BRI AE 35 4 A L, B
M EREKEG KB,

2 HTARUB AT PUAR B ST AP R
Livgila

2.1 FEMATNERSMNERRAE

BT LR, AMER PG ] R PR AR IR A
PUas BT BB 32 A4 b TR KA T ke R
RN H AT RS B A% O R, TE AR GE U145 1) i Al
EXECASEIAR AT 9 BB TR RIS . Rt B
X BRG] 3 B E P B B S B R, =
7% ABB F AR/ IN A48t 3k 1 0 R HR AT A 1) B R T
FafT28 , Vit T W 6 Fiow i Al — AR g
AR AR BT , T TR 4 5 el v 1] R A A4
) P FELTT 8

W 7 iR, 2 B R FL BT AR SR A i R
FRAE T S RPN LR B B AT I R KON R R I
b SRR, BRIt R oA XA Jay | [ 8 7 42 B
1 I E T RN L 2k S e v JHE E) PR R A
WS, PR G [ AR 4 S b4 R, Al m] 7R R0
LI Z RN P EH . BB RS AL E
TR R TEBR T K SR B Z R



28l

SELR

(b) 4 ATt R kit
B 7 #rEEME S NEEN

A BT A BET, T B A0 R R B0 45 A DG A
LURNE

1) HAUE AR RS THERE R HIK IR
TR A RO S AR A R SR
HeF 5 BT R — B AN BRI R BT

2) HR AR TTER AL 7K BB, K R
g Aim e, BB T R B g P AR L
Ay, Hg Al s b wis, A — it —
PN S K B SR B 12 i E] 2 A
BB T KRR SR Sk O, R T R K %
HR B Tn KRR A7 R0k G v A [l B2 B T2 <
Dy AN Z TG K, 3 T K B Y
TEETE,

3) AR AR R AR BT, A 2
P B FEL T A R JE R BH R LA F (07 34 R L B, )
JIRHRFE T W RE 4 S K AR UK B v L B3
THBR T ERE 4 s /KB T O U G R AR U

4) B RLE R BT AR A A NS A, AR

5 TSI D v -l R e £ N A R 2 5 e G2 7 =
PRUE 2 P P () B 48 o e R e v, o fE Ak 5 4 i
TEU BRI T M RN AR B0, bk G S L BTN S AT R
PLARER R IR 7% e 7K S5 )l

2.2 FEVEIANERSFNIREIEIE

kT B ORI AR R ER BT A8 T A2 P 1T R A e
TR A B AR SR 5 ) 1 A e R L R A T
ZHHAK b AR R PTAS A RIS 13 T, 446
PRFDFEEIRS: | T AR s v R i 323006 | T 00 Pk
RV EL I PR BELI R | PG IR A AS o i | 2k iR T
TR | R L A7 3 A IR 2 R 4 35, 43 )
M R SHETT GRS R K BT IR
T B F 3 A | R R &

TEL L L B8 3 R R L B 8 %) AS 1 D L JR
FARFPRUR LIS AT X i A S B F I H AT e 1+
P78 BT 5 T T B A ) 5 DA S O L TR
2005, BRI B P RS BAS IR RTE [8) K T 2 s, HAL
W ETHRAE T 350 A/ ws, LAJRE SR 5 945 (X di/ds
b I HRIR 4000 1 E A T B IR R % R — R 1
LIRER Sk 4Y: 98

LT L B RS DR DA e DA AR
O ER LS, BEoRAE 58 KV whali LR R LR LI
eI H  ARF A (155+5%) V - ms, PHI]F
] 1 1 ElL B 2 BT R G A R TR O PR P o
TR B phZEFAE, Q1R 8 i . iue gl eI, B il
eI R T P AL K= a1 N W o < M E
L AR 5 R T R TR R — 2L

[ IR, 70 4% v R 35 0 I 2L R B &5 B
B R EL TR AN P T I R R TR T s 1T
PRoxF H IR

RIS 45 2R W B 2C A AN i P B B R B2 T K&
G e 1T i e S W M T L2

1) PRl e - 5 =Xl o a8 B 3 o 5 29 A 24 T
PR S) 30% ~40%

2) PrhM s AV AN F TR A 82.86 dB, P[]
TR HTAT M 87.02 dB,

3 HTARUEAI B PUAR R AN
TE+800 kV = H &2 e da gt sl i 74 ] R4l A

e i A e L AT AR R L BT £ 2021 AR
A R Al RFSE N HOs AT RS i s AT L i



16 ,/\\

14 Vd AN

12 Pd X

o / X
P / \
=y /
2

4

, / X

s —

0 5 10 15 20 25 30 35
I 1]/ ps
() VI F R B

16

14 //\\\

12 // \

10 /
N / \
=
5 X

. \

. -

20 5 10 15 20 25 30 35

I 5]/ ps

(b) Hr A

8 AN FE 4L BS R IR AN ) 2%

9 4000 A Kk IIE N 6400 MW, ZT 4N IR 45 5 0
9 R, B IH AR R HTERE TR EEAE 40~ 55 C
ER G, B N 52.5 °C, WA T J50 0 1 E 4t
B EBITIRE 53.4 °C, fsf7i8A 204N
FIEE MBI | B DA T AT 4825 1) T R L B 5 1252
TR AR IR B, i I A S HoT i 1
TAEIEH 5 A TR AR S M HER,

ficim 44.8
ik 28.5

RN E NN

S b

Dist=6.0 Trefl=20.0 e=0.95

B9 FHEEIMEHDIEITAINERIE
4zt B

bR A A P ] R R R AR

R B TR GE T, 23 B 745 Ui IR 1 L T AR Y
SR R e K O, BE ) T — ] e A 1
I L TE 1% B0 2 — AU A %, O T T A2
PALESINELERTR A5 SR 5 D i op

1) PG5 R F e 4 >R FH OBUEK Pl -5 B ri BHL Y
FC ', SRR AL MU ES RS 2K A 2%, H.
PRI HGES ) S EE2E Sk . KI ST,
ZAR PR Z U T ki Al S A KA e
JEAR B it J K S R SR RAR BB 5 FEP 7K
AR S BB T U S R BRI

2)) B R M B T % SR FH B2 LR AR s
BELRA T HL DT AR A SN B PR RE v IR TR |
BABEH ROT M SRR R B T
U v AR Bl S5 1, WA 1T as 17 IR 32 ) K
g P K- AT AL PG ] AR v P 48 U 1 8 #5114 192

S ik

(1] BwiE. & EE R A TR ARIM] . hEE
H AL, 2004,

[2] FAedE pRaEOL, ik, 45,800 kV ¢ R H it T
o I B o3 BT S AR A BT Ik ()] R R R
2017,43(1) :67-73.

(3] XUBEfR, TR, A, 55 45 e T U i v 46 v 1R
JH i R 8 B 1 A A e PRI SR 55 43 A [0 00 1 v g 4%
AR ,2017,40(1) :51-54.

(4] BEMS, PVEZS 208 £1100 KV FF 5 e 100 3037 1 1 A
HLPLARELAY R A S A e ik [ )] i
JEHA,2016,42(8) :2612-2617.

[5] K, MRRERD, RERS, 5.+ 1100 KV 4 1 9 400 3 1
PR 5 1 R A5 R B o3 A O B[ 0 ). oo F
A ,2018,44(10) :3359-3367.

(6] 2o, BIIE  BEMG, 2. HVDC % 3700 R 46 0 e 3t 2 2k
AT EATIE[T] . M AR ,2014,38( 10) :2680-2684.

[7] kKPR, ERAMR, 2Rk, 5 R A It i BH AR 16 A
AT S S PO FE LI ) ] B R AR 2021,
47(6) ; 2158-2168.

(8] BRMG, BEIE, BRIBOL, 5. = B0 It IR A6 0 Fi Bt
RIS LI B[ T R R R ) 2014,40( 1) .
288-293.

[9] 2o/, BIHIE RIS, 55, 5 i L i rl 28 40 306 220 0 fisd £
FELGLRR LSS FIBFFE[ T ). R ,2014,40(8) -
2579-2585.

[10] e, kI S il 45 v B At e T R L e



arlk N 5 AR SE [ )] R LR, 2018,54(6) -
113-119.

[11] 3k, F B, b r, & — bk o8 A0 0 i 1 A
FL T A LI T AR AT [0 ] ) B 4R 2020,
54(8):22-25.

[12] 3, X097, BRI, 2545 o T 0 I 0007 100 e B 28 it
FRAMERFFE[T]. & R 4% ,2016,52(7) :50-54.

[13] XU, A9 H], B4, % 1100 kV/5455 A $5 HEH
TRAR T R PR AT 5T [ T] . R R LR,
2020,56(7) :23-28.

[14] P, WhEF, 38 WFDE , 25 45 i R 400 30 1) P 1 AL B 2%
ARSI ST % ()] M TRHLAF ,2019,55(12)
200-204.

AR

JEHAE(1990) , B, TR, T EAEH S ELARR

35iE R T

B (1993) %, -+, E BN EEZR A RA LAY

HEFHRFR,

(UcHs HEF:2021-11-09)

i
Mn

(E#% 56 W)

8

o6r

£

>

4

4

N /

R

2 =

1:_5?\' —

Hat
B ; H i
-40 -30 -20 20 30 40

B BB

8 RERMELREZETAHARENE E &

BV B MR 5 28 LRI T E fH NI 9 IR,
A[LAE H, CPSO -4 37 B i AR 7 W A5 14 h 5 1hi F
AR R 3T, 205 B 57 i T LUK I AR 37 588 24 1
3.91 kV/m P& 2 3.29 kV/m , M 4%35% XUk w2 p il 2
2.85 kV/m , 37 s F {37 5 Ak B AR 4 B 508, B e 302
K47,

=)

So w»

Y
= W A oo

— [S] w £ w =} -
E/(kV-m™")

(b) WBRlLE
9 RERMERENELETHER

(a) il

4 & i

LRI BROCHS il — RS S, 7
¥ B DI b e BCRE A L BIF 5 2 A P A1 RS
SUSfy s [a] fL G BR 5T (8 520, 4t T AR Y
FHFFHESN 7 308 S8 UL Ay g A BE XL, i
FRBCHHER IR, b JZ XU AR HT R A1, 28X

A ATIE G800, DL 2 Al G TS 2

SR AR e 1) 07 30 o T P G B 5E, JF
GBI AE SR 1 RESE T | X B i 4R AR LA i
FrEFRSE, UL R b, 3l 25 60/ TR 4 1 2 8
(B, AR AU AR B A s TR IS B, R 7
PR B TR DR T DAL T 0 S ) R, SO T
R FEARY Z RN, SCBLPRE B Rl e DA, 54
LRt . i CPSO B B b2k SR
G, S DX S P R S5 o s SR e

&% ik

(1] HEOR4 . o mE PR BE 4% i BR . GB 8702—2014[ S].
demt . Th EFEER A A, 2014,

[2]  SRARAR, BRE, 22 25 e i R 4 A 2 6 2 SO R IX 35, T
W AR A HE R ,2016( 1) 16— 10.

[3] SR, g, — PRI RSB F R[],
A 3h ki3 ,2017,38(3) :37-40.

(4] B&ME,ZwfE, 5T, 5 TR & AR T
HIE/ i R s S R A R S (1] TP E
HLT R4 ,2015,35(9) :2333-2341.

[5] fRIEX, Bk, &F % TRERSEETF [ M].db
T HUAE Tl 4 jiA:, 2004,

[6] BRfm, 3C3 1, X0k, 45 8 ki i 2 = 4 T i i %
TSR] B MEAR,2011,35(3) :159-164.

[7] f5isk, Bol, BUEF 4. 25 70 dE LR A R T 1 50 1% 0K 1
i H PR R AL T ]S LN B 5, 2011,28(4) :
1286-1289.

EEEAN
L% (1987) , % 4, TARF, £ZHF 577 &8 W W,

KRB AR 5B A A w R
MG AR1993), 8 R IEBF L EHR T @ MmE

& 3%, A%

(W7 B H9:2021-10-13)



FE AW 45 b XS FH AL TR H B e A
JRURS: 97 i) S S e A A

iR,y =P, 8HT,F A
(FE R e g 28 AR L 2 /], DI AR 610041)

i EAXELMRZLENREIFETEAZRAT, RRLSAREERGEAXNRE T &R S B 48 ik ik 24
WAL BB Z, XPRBITREASHTERE AR FALEARELE LT BT B £2F 3 H KK
HHBREEAEERAR FEEE BRI TR R ARG I 5, ATt B AT R A B B E 42 Rk P AR
FERAFE KR TR ER L RAEAPEGFA R BIHG RN RALE” BEEE SN AR A F P I,
H A T 555 AT B PT Wi & LT 893R 30 4F, U5, 4546 110 kV Fodb—+ 2 304k X W 439522 RTDS 15 J&
A 3T IR B BRLA LK M VAR B Bk BE PT W R AT T 45 ALl X,, 22 R R R A S 0 5 ) Rk AR R A T
¥R beik A B4 AR RV REDER L, HAIIE G4 XM L 64 d T,

KRR AL XA H 8 PT Wik s FIE LAk ; RTDS 45 2T

HESES . TM 762 XEkFRE:A XEHS :1003-6954(2022) 03-0089-06
DOI:10.16527/j.issn.1003-6954.20220316

Risk Control and Strategy Optimization for Regional Automatic Input
Device of Backup Power Supply in Chain Power Network

YIN Pancheng, LIU Xin, YUAN Mingzhe, ZHENG Qianyuan, CHEN Xiang
(State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract : There are a large number of chain power supply networks existing in power system, where the regional automatic
input device of backup power supply is widely used due to its advantage of quickly restoring power when the power supply fails.
The principle and operation logic differences of regionalautomatic input device of backup power supply are analyzed, and the
major risks and the corresponding control measures are pointed out for installation and commissioning, setting calculation and
maintenance. Two extra logic criteria are also introduced, that is, the switch position of this side and the voltage of the other
side of tie line, which can effectively avoid the possible malfunction behavior in the case of lightload and busbar PT breaking
in substation. Finally, combined with the 110 kV Caochi—Shiliba chain power network, the RTDS simulation system is built.
The simulation tests are carried out under different cases such as power supply point, tie line failure, switch trip without fault
and busbar PT breaking. The results show that the regional automatic input device of backup power supply can locate the fault
point accurately, switch to the backup power supply and restore power quickly, and optimize the busbar voltage loss criterion
to avoid the malfunction behavior, which will improve the power supply reliability of chain power network.

Key words: chain power network ; regional automatic input device of backup power supply; PT breaking; criteria optimization ;
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