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Techno-economic Analysis of Battery Energy Storage System
Considering Degradation and Pricing Mechanism

TIAN Yuting'>, WEI Wei', SUN Xinwei'”, LIU Junyong’, MEI Shengwei’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. Department of Electrical Engineering, Tsinghua University, Beijing 100084, China;
3. College of Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract: A comprehensive techno-economic analysis framework of battery energy storage system ( BESS) is proposed. In this
framework, a detailed battery degradation model is embedded, which models the influencing factors, such as depth-of-
discharge, temperature, charging/discharging rate, and state of charge in the battery aging process. Total energy throughput
and levelized cost of storage of BESS over the whole lifespan are evaluated under different operating conditions. Also, the techno-

economic performance of BESS under different electricity price mechanisms is analyzed, including the time-of-use plan and the

real-time pricing mechanism.

Key words: energy storage; battery degradation; techno-economics ;electricity price mechanism
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Optimal Scheduling of CCHP-based Microgrid Considering
Real-time Demand

DU Xiaoting
( Anhui Sanlian University, Hefei 230061, Anhui, China)

Abstract ; Through the integrated management of distributed power sources, the combined cooling, heating and power ( CCHP ) -
based microgrid not only improves the efficiency of renewable energy utilization and reduces the environmental pollution, but
also ensures the stability of the system. Based on the uncertainty of each micro-source and the complexity of microgrid structure,
a comprehensive real-time power demand optimization model based on the pre-day initial load demand and combined with
electricity price incentive and user-side electricity comfort is proposed, in which the shift of load from peak to non-peak is
realized. And the multi-objective optimization algorithm based on genetic algorithm is adopted to prove that the proposed model

can make the load demand curve obviously smooth and the output of each micro-source is relatively balanced, which proves the

proposed model is scientific and effective.

Key words: CCHP-based microgrid; real-time power demand; multi-objective optimization algorithm
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Research on Fast Power Smoothing Control Strategy for Wind
Power Generation System with Flywheel Energy Storage

SHAO Yixiang, GUO Liang, CAI Guoyang, LIU Jian, GUO Chunling, HU Liping, SUN Sujuan
( NARI Technology Co., Ltd., Nanjing 210061, Jiangsu, China)

Abstract: The wind power generation system with flywheel energy storage can make full use of wind energy resources and
restrain the power fluctuation of wind power system. By analyzing the high-frequency disturbance air volume of output power of
grid-side inverter, the power reference value of flywheel energy storage system can be calculated to realize fast power
smoothing control, reduce the fluctuation of grid-connected power, and increase the absorption capacity of power grid.
The hysteresis control strategy has fast response speed and low requirements of software and hardware, and the fixed-frequency
hysteresis control strategy overcomes the shortcomings of unstable switching frequency and high harmonic content of output
current. The use of fixed-frequency hysteresis control in the grid-connected inverter side can reduce the number of PI controllers,
phase-locked loops and other links, and also reduce the software development cost of the control system. In order to verify the
performances of the fast power smoothing control strategy using fixed-frequency hysteresis control, a simulation model is
designed and verified by the experiments. The simulation and experimental results show that the proposed control strategy can
quickly reduce the fluctuation of active power and the current harmonics in the grid side, and the cost of software and hardware
is low.

Key words: flywheel energy storage system ( FESS) ; wind power generation system; fixed-frequency hysteresis control

strategy ; power smoothing control
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An Estimation Method for Icing Thickness of Transmission
Line Based on Time Series Iteration

WU Tianbao', MA Xjaomin', TANG Jun®, PENG Xu’, ZHUANG Jie*

(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China; 2. State Grid
Sichuan Electric Power Marketing Service Center, Chengdu 610041, Sichuan, China; 3. College of
Aeronautics and Astronautics, University of Electronic Science and Technology of China, Chengdu

611731, Sichuan, China; 4. School of Information and Communication Engineering, University

of Electronic Science and Technology of China, Chengdu 611731, Sichuan, China)

Abstract : Ice disaster seriously affects the safe operation of transmission lines and causes huge economic losses. When the
icing occurs, the position of the lowest sag of transmission line may change, and the length of the wire borne by tower tension
sensor varies accordingly. An estimation method for icing thickness of transmission lines based on time series iteration method is
proposed. The equivalent thickness and density of icing and line are calculated by several iterations to reduce the influence of
the changes of the position of the lowest sag on the icing thickness measurement. The accuracy and scientificity of the proposed
estimation method are verified in four simulation experiment scenarios, in which the length of the subjected wire continues
to increase, firstly increases and then decreases, continuously decreases, and firstly decreases and then increases.

Key words:ice thickness estimation; weighing method; time series iteration
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Design and Research on Modular Drilling Rig of Micro-pile for

Transmission Lines in Mountainous Area

DONG Jie', FAN Rongquan®, HE Qian’, WANG Jie', LI-HE Yuqiu'
(1. School of Mechanical Engineering, Sichuan University, Chengdu 610065, Sichuan, China;
2. State Grid Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China;
3. State Grid Dazhou Electric Power Supply Company, Dazhou 635000, Sichuan, China)

Abstract : Due to the complex environment and the inconvenient transportation, it is difficult to transport large-scale mechanical
equipment to the operation site for the foundation of transmission line towers in mountainous areas. Therefore, manual pile
foundation digging are widely used. In order to promote the mechanization of whole process of transmission line construction, a
set of lightweight modular drilling rigs is designed. The overall structure of the proposed drilling rig and the performance
parameters of each module are introduced. Combined with key technologies such as hydraulic system, electronic control system,
intelligent display and remote control system of the proposed drilling rig, the structural design and theoretical calculation methods
are used to realize the rapid assembly and disassembly of drilling rig, high-power drilling, drilling process parameter visualization,
online monitoring, remote control and other functions, which effectively improves the safety of construction process. According
to the requirements of micro-pile hole-forming, the on-site hole-forming test is completed. The results show that the proposed
drilling rig has obvious advantages in the construction of micro-pile hole-forming for transmission lines in mountainous areas,
which provides the support of hole-forming equipment for the construction of mountainous transmission lines with complex
terrain, and provides experiences and methods for the future researches on the same type of equipment and technology.

Key words : transmission line; micro-pile; modular drilling rig; mechanized construction
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Research on Intelligent Compound Switch Based on
Handshake Interaction Strategy

HU Tianxiang, LI Junhua
( Leshan ELECT Electrified Wire Netting Automation Co., Ltd., Leshan 614000, Sichuan, China)

Abstract: In recent years, with the continuous improvement of the intelligence of low-voltage power distribution systems, the
application of compound switches in 0.4 kV reactive power compensation systems has gradually been widely used. lts advanta-
ges such as rich protection functions, small inrush current of switching capacitor and low steady loss, are acknowledged by
the users. According to incomplete statistics, dozens of new manufacturers have been added to develop the compound switches
from 2015 to 2021, but the uneven technical level leads to frequent problems in the use of products. Aiming at the problems
existing in the operation of compound switches in reactive power compensation system, the concept of interactive control strate-
gy based on handshake is proposed. The application effect is described, and a stable and reliable hardware output and feed-
back circuit, software control strategy and practical solution are designed. And the effectiveness and reliability of the pro-
posed control strategy are verified through the practical application in engineering.

Key words: compound switch; magnetic latching relay; thyristor; zero-crossing; interaction; stepping
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Hybrid Damping Parameters Design of Resonance for
Multi-inverter Grid-connected System

ZHENG Jialong, CHEN Jing, ZHAO Lihua
( School of Electric Power Engineering, Sichuan Water Conservancy

College, Chongzhou 611231, Sichuan, China)

Abstract ; Resonance of multi-inverter grid-connected system is a problem that must be solved in new power grid with high
proportion of renewable energy. After analyzing the advantages and disadvantages of the improved active damping, impedance
remodeling and active damper, it is considered that the hybrid damping strategy is more in line with the economic needs of the
project. Firstly, the design process of hybrid damping parameters of single LCL inverter is introduced. Based on the analysis of
resonance mechanism of multi-inverter system, according to the characteristics of hybrid damping coefficient, a parameter
design method is proposed to determine the active damping parameters firstly and then the passive damping parameters, and
the total harmonic rate and harmonic factor are used to evaluate the grid-connected power quality. Finally, it is verified on the

Matlab/Simulink simulation platform. The results show that the hybrid damping parameters designed by the proposed method

have a good suppression effect on the system resonance and can adapt well to the change of system impedance.

Key words : multi-inverter grid connection; system resonance; hybrid damping; parameter design
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Safety Checking and Analysis of Relevant Equipment after
Transformation of Neutral Point Grounding Mode of
220 kV Transformer

SUN Pengcheng, WANG Zhengiang, LIANG Wei, YANG Wanbo
( Sichuan Luzhou Chuannan Power Generation Co., Ltd., Luzhou 646007, Sichuan, China)

Abstract : In order to limit the short-circuit current of 220 kV system of 500 kV Luzhou substation when an asymmetric fault
occurs in the near area of Fangshan power plant, the neutral point grounding mode of main transformer in the power plant
needs to be modified. The neutral points of two main transformers in the power plant are grounded through small grounding
reactors and a set of neutral DC current blocking device respectively. Through the simulation calculation and analysis, the
different grounding faults in the near area of the power plant are simulated, and the transient voltage and short-circuit current
of the neutral point of main transformer, small grounding reactor, neutral DC current blocking device and other equipment are
obtained under different grounding modes of the two main transformers. It is verified that when the neutral points of the two
main transformers are grounded through a small grounding reactor and a set of neutral DC current blocking device, the
relevant equipment does not have excessive voltage and current that threaten the equipment security. Meanwhile, the impact on
the related protections of line, generator and main transformer is also analyzed, and whether the resonance is triggered or not is
evaluated.

Key words: main transformer; neutral point; neutral DC current blocking device; current-limiting reactor; checking;

protection; resonance
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Research on Defect Recognition of Power Patrol
Images Based on YOLOV5

PANG Bo', BAO Zhiyuan®, YANG Mingkun®, ZHANG Linghao', SUN Xiaomao®*, HU Qiang*
(1. Sate Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
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Company, Leshan 614000, Sichuan, China; 4. Sichuan Energy Internet Research
Institute, Tsinghua University, Chengdu 610213, Sichuan, China)

Abstract:In order to ensure the safety and stability of transmission line operation, image defect recognition research based on
YOLOVS is carried out in view of many defects such as cracking, aging, corrosion and breakage that may occur in line inspection.
Based on YOLOVS algorithm and combined with the characteristics of power patrol images, CIOU_Loss is used as the loss
function of Bounding box to make it converge faster and better. DIOU_ NMS is selected for NMS processing to improve the
recognition accuracy of occluded overlapping targets. At the same time, after classifying the dataset, the network model is
trained by freezing some of the network layer weights using the method of " training separately and inferring uniformly". The
experimental results show that the YOLOvS algorithm model can effectively identify the defects of power patrol images.

Key words: transmission lines; defect identification; object detection; YOLOvS
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Analysis of Unqualified Check for Anti-short-circuit Ability of
Transformers and Research on Treatment Measures

XIE Qian, ZHANG Zongxi, DING Lijie, FENG Yun, LIU Rui
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: Checking the anti-short-circuit ability of transformers is an important method to evaluate the anti-short-circuit ability

of large power transformers. The anti-short-circuit ability of four 220 kV transformers are checked, and the reasons for their

unqualified check are analyzed. A general treatment strategy is proposed for transformers with insufficient anti-short-

circuit ability. It is recommended to evaluate the transformer status by diagnostic electrical test and oil chromatography test,

and to formulate the targeted treatment measures.

Key words ; transformer; anti-short-circuit; check; treatment
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On-site Partial Discharge Diagnosis and Location Method
for Transformer Based on Broadband Combined

Acoustic-Electrical Detection

HE Yuhang', DING Lijie', ZHOU Bo*, LI Jingxiong®, YAO Xiao', ZHOU Dianbo'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Chengdu Electric Power Supply Company, Chengdu 610095, Sichuan, China;
3. State Grid Sichuan Extra High Voltage Company, Chengdu 610042, Sichuan, China)

Abstract: For promoting the detection sensitivity of ultra high frequency ( UHF) signals and anti-interference ability for
transformer partial discharge, the UHF coil sensor with the upper limit detection frequency, that is 480 MHz, is researched,
which can detect UHF current signal of partial discharge from the grounding positions of transformer core and clamps. The partial
discharge simulated defect is set up in laboratory, and the signal characteristics of suspend potential discharge and insulating
surface discharge of transformer are studied, which can help the type identification of signals detected on site. The anti-
interference method for on-site transformer detection is also researched. On this basis, the on-site partial discharge diagnosis
and location method of transformer based on broadband combined acoustic-electrical detection is proposed, and it is verified in
a 110 kV transformer in which partial discharge defect is detected. So it can help to improve on-site detection level and diagnosis
accuracy of transformer partial discharge.

Key words: transformer; partial discharge; sensor; ultra high frequency; ultrasonic; location
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Study on Characteristic Products and Microstructure of
Biodegradable Oil-impregnated Insulation Paper

WANG Jie', WU Xiaohui*, HU Shihong', LAN Xinsheng', ZHANG Li'
(1.State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2.State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract: In order to study the degradation of oil-impregnated insulation paper by microorganisms, the mass ratio of oil-paper
sample is about 10 : 1, and the comparative samples are pretreated by natural pollination, artificial inoculation and high
temperature sterilization. Metal aluminum is added into samples 3 and 4, and metal copper is added into sample 5. The
biodegradation test is carried out at 15~35 “C which is the most suitable ambient temperature. The products of biodegradable
oil-impregnated insulation paper and the change trend of gas content are analyzed by high performance liquid chromatography,
gas chromatography and other instruments, and the changes of microstructure of oil-impregnated insulation paper before and
after the test are observed by scanning electron microscope (SEM). The test results show that after the biodegradation, characteristic
products are generated such as furfural, CO and CO,, but the structure of cellulose of insulation paper has been damaged. The
contents of CO and CO, increases first then decreases, and then increases, and finally it tends towards stability with microbial
degradation. The SEM shows that the crystals and amorphous structures of cellulose have changed, the crystalline region of
cellulose surface becomes rough, loose and fractured, the amorphous region occurs small pores, and the crystalline region is
not closely connected with the amorphous region. Characteristic products of degradation and the variation characteristics of their
gas product are important reference basis for distinguishing whether microbial contamination occurs in insulation paper of
non-operating power equipment.

Key words: microorganism; degradation; oil-impregnated insulation paper; characteristic product; microstructure
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Fault Location Method for Secondary Circuit of Protection
Systems in Smart Substation Based on ER Algorithm

WANG Qin', WU Min', YAO Huichang®, LI Jiangyang’
(1. State Grid Sichuan Electric Power Transmission and Transformation Construction Co., Lid.,
Chengdu 610051, Sichuan, China; 2. Chengdu Denglu Electric Power Technology
Co., Lid., Chengdu 611137, Sichuan, China)

Abstract : Because the secondary system structure of smart substation is changed compared with that of conventional substation,
it is difficult to determine the specific fault cause and locate the fault equipment in case of secondary circuit communication
fault. A fault location method for secondary circuit of protection systems in smart substation based on evidential reasoning( ER)
algorithm is proposed. Based on the configuration file of smart substation, the diagram of secondary logical circuit and physical
circuit is obtained, and the mapping between logical circuit and physical circuit is completed. Then, the alarm information in
the substation is collected according to packet capture technology, and the set of suspicious components is listed by the method
of proof table. Finally, ER algorithm is applied to confirm the faulty equipment in the set of suspicious faulty components,
which has a reference significance for substation maintenance.

Key words :smart substation; secondary circuit; fault location; ER algorithm
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Analysis of A Low-frequency Load Shedding Misoperation
Event and Its Improvement Measures

ZHANG Huajie', YANG Ziling®, LIU Mingzhong', ZHANG Chun'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Nanchong Electric Power Supply Company, Nanchong 637000, Sichuan, China)

Abstract : The low-frequency load shedding function integrated in line protection device is of great significance and widely used
as the last line of defense in power system, but the misoperation of low-frequency load shedding function occasionally occurs.
In order to improve the power supply reliability of distribution network, the causes of a low-frequency load shedding misoperation
event are analyzed, in which ferromagnetic resonance is the cause of misoperation. From the perspective of secondary circuit of
protection device, it is analyzed that the small PT saturation and calculation error lead to the deviation of phase-to-phase
voltage and frequency calculation, which causes the misoperation of low-frequency load shedding function. The causes of
misoperation are verified by electromagnetic simulation respectively, and the results are consistent with the actual recording of
misoperation event. Finally, according to the causes of misoperation, four improvement measures are put forward from improving
voltage sampling and optimizing frequency calculation.

Key words: low-frequency load shedding; ferromagnetic resonance; misoperation; secondary circuit; frequency algorithm
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Diagnosis and Analysis of An Inter-turn Short-circuit
Fault for 220 kV Transformer

LIANG Hongyi', LIAO Wenlong®, LIU Rui’
(1. Southwest Electric Power Design Institute Co., Ltd., of China Power Engineering Consulting
Group, Chengdu 610021, Sichuan, China; 2. State Grid Sichuan Electric Power
Research Institute, Chengdu 610041, Sichuan, China)

Abstract: An inter-turn short-circuit fault of 220 kV transformer is analyzed, and the fault characteristics and diagnosis process
of typical inter-turn short-circuit of transformer are introduced in detail from protection action, diagnostic test and disassembly
inspection. The longitudinal differential protection and incremental differential protection point out that winding in phase A has
inter-turn or high resistance grounding fault. The low-voltage no-load and winding deformation tests show that phase A has
inter-turn short-circuit fault or magnetic circuit fault, and the transformation ratio test indicates that the high-voltage winding
has inter-turn short-circuit. During the disassembly inspection, it is found that high-voltage winding in phase A has inter-turn
short-circuit fault, which verifies the diagnosis and analysis conclusion.

Key words: transformer; inter-turn short-circuit; fault diagnosis

PESCHRT 17, 28 i 7 [ ) g e e, R0 760 A5 1
PRI 70% ~ 80% , J&= 7% [ 75 PN i i B 1Y 3 2
2, EFRF RS O A B2 SE, 0. SCHR[ 2 ] R —i

0 51 7

BEAE A1 22 22K BN IR AR, R T TP R
FL TS G RGO A Ry KB A AR T A O R
W AZ s 7, — ELCRR K T RE S DR R T ARUSE R
FEECR A AR B IR A i R, N O
JEAR AL W 5 20 A, St e BT B 95 4% 2678
e s SR I 08 1 728 s e A B Rt e T
SEMERAERE L,

110 kV 75 F 2% 1 i 28 B A I i) 2 66 ik o 47 1732
W7 o3BT 5 SCRIR[ 3—4 ] % i 2 2 s 48 Ttk K 51
REC AR 4 T 8] 6 6 S B 0647 T 12 Wi 437 5 SCRik [ 5 ]
X 220 kV F2AE e #4555 5 S8 4 I [A] 45 26 i s 2
Fro3 i, 2k e 6005 3, 22 B0 T 8 4L B [ i) e
Wi 504 22 Bof oL SR IE 5 40K T 98 4 A T it 5 AF AR, B
PR FL AR $230E | 5 — AR A, % L 42 F



AT T 5 ELIIE ; SCHR[ 6—7 ] X722 F g SR 2 T [H) 5 28
BT AT PR TC O B B R T I ) S e i v B )
FEAE, Ay I ot Bl e DR AP R S 4% 5 SCRiR[ 8—10] A
ZH TR A BHBT | R AR Rl A AR R
R BT P s I () B A RO ORI i

75 R A5 S AL I [ i (S PR R B 5 5 R AR
F14) I B0 O e % [T 38 2 ), e o Pl SR I A 4 3
FROEBA &, 2 2 W 5 24 e I I 55 0 i, H il e
HEFNS WX E WA X R, mo —i 220 kV 48
J 0 L ) B B iR A 40, IORAP S AR 2 Wil
DI RS AR RS 3 AR B, X6 AR e i L 78 [ ) 26 % 7
T BERHE M2 W FE AT T IR 41

1 i fRiid

220 kV FARHL UG 2 5 AR R AR BUE 4 25 5
S, FAR A = 0B 2 = ARBE  RA R
.2 5 FA R R LIS A K8k 3
TR I ARG A R PR (A A T SR R S A
A A AR, 2T 2 R — 2 130 A

Wl 378 R 28 785 ol SFPSZ9-120000/220 , %t
SE SR 120 0007120 000/60 000 KV A | 4 28 HiL
230/121/10.5 kV B4 FR5 4 YN, yn0,d11, %72
JE A Bk I i B s 1T 18 4,

2 R EIE T

2.1 2E5FILER 1 SHIP(PCS-978)

28 ms B2 22 T A0 AR b o 22 Sh (R 7 B 1, B 1
FHAA A AH /TR AL S RAE R 0.391,(1, B E
A 25 v 4% 72 B 1.2 A) B 0.468 A, KT
0.27,(RRTARAS Ak 12 J5 sh A 1,,) KT 0.6A1 (AL
Fr S EL) Bl 0.383 A, i 2 5 FAL RS 1 S
BB E, shiE R (1) FiR, shfEfE
e FoR,

Al, > 1.25A1, +1,,
AI, > 0.6AI Al < 21,
Al, > 0.75A1 - 0.31, AL >21, (1)

Al =max{ |AL, | + |AL, | +--+ AL, | }

Aly= |AL+AL+-+AT, |
K AL TSI B 5 1, 8 18 TR HL I 5 AT,

R S22 B 5 AL, 2R m M @ AH 22 Bl HL U
AL, A% m MZEBHRR

a4

AR

’
021 |+ .
| HlF) g AL

1 ETERAE THSLEEDRPHEE
2.2 2S5FTERS2 SHEP(WBH-801)

23 ms IR 22 SR SR, SRRSO A H
22BN 1, =0.435 Al BRI 1, =0.468 A1, K
T 0.21, (BPMiE 22 81 )5 B4 ) BK T 0.65A1, B
0.304 A, A MR SIESME, 2 SR SR IER,
SEJT RN (2) P, shVEReHEan & 2 Bos, B
K L3l 3h 24

1,> 0.2,
1, > 0.65],,

Horfrir, = |AL+AT++AT, |

(2)

]l'(‘,S: ‘A]md‘(‘
AL RFIB AL WS n ESRLE AT,
y‘j All ’A]Z ’“.A]n *mg{ﬁ%j{%o

1, A

0 17
H2 FTESMETHBENHEEE
2.3 2 BFEEFIEBERI (WBH-802)

2 SRR EARAE R &R A& B AR FL Sl 7R
5%, Z59 RIER T 2555 AW ki, M
PRI BE ] H0, 2 5 R AR A TARAR b i 22 8 Mo 3
i 22 Bl PR P 3 A R 32 AR R A PN SRR A I ] g s
fe BEL Az e b LA AR = i RS . 45 A Bm
SEME S B, 2 5 FAELR 15 2 S
I LW EIAE, T A A1, 22T B = & i —



WHURZIN 130 A, 256 FAR R4 1 SRy TR
Pt 22 Bl R B R AR R A 2 5 1R 2 s (R b R B
W1 FIWT R A A SR N0 A A 5 Bl () e
Pis il e O e b g e

3 2WndLe

3.1 HeEan
F2AE ARk 5, X AR R A% TR A L BB
FECRLHT AR ELT IR AT T S AT, A

iRk 1 PR,
Rl BRASETERZHEIBRVER 06u/L

W CH, C,H, C,H, C,H, H co o, Hk
4 2444 2416 2442 2 2

B 19.90 102 4.74 1127 154 1131.6 52857 46.17

T# 20.37 10.6 4.91 11.72 159 1 124.4 5291.9 47.61
FLir 186.60 106.0 7.34 278.20 520.0 1567.8 4 794.1 578.20

ORI, i C A IR B S A M s
o RS 3 e (L, = (B 111, iR
AL Ay LI AT T B A4 L PR A 2 P I i) 822
i) . R T DR 45 | 8 P T 51 Sk L Al 2 e A
HLAE,
3.2 SRER N Rz

2L SR B SIS R B8 2H A8 R i 1o
BN, P IR A4S A SR 2H A ) — SRR AT, R R R
SR UNE 3 s, {H A I RS AR B S B
CHHXHER 2, ML RE 0.5, 103k 2 Fin, WRIE
DL/T 911—2016 Hi 375 25 S22 A2 T 19 431 3R 1) i
OYHTEE) W A M R AE S, AR
(AT 1 26 A B (ANl 4 TR ), R A B T
LRI TE A B 5 A BRI I 0 i R AR e 2%, Hoy
HARGELIT AR M N7 265 58 g A EL Y TE S
FH T A A R R SRR R e by S DX B A R B, %o i
FUeA AR T A A7 A T [ i

HOHAOLcsv_— HOHBOL.csv —HOHCO1 csv

T {E/dB

L A S L o L L L R B L R S R A LY R
0 50 100 150200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
A% /kHz

B3 EIERRS EM S H 5T 2 00 R #h 2%

*2 BEZSHESABFERMEEXREY
BB BIR/kHz MRRER, HOCRER,; MHRERER,,

45 LF (0,100] 0.53 0.50 1.55
i MF (100,600 ] 2.44 2.40 3.31
E5 HE (600,1000] 0.63 0.20 0.20
445 AF - (0,1000] 1.13 0.62 1.10

30 —HOHAO]1 csv HOHAOI csv

-25

30

-35:
m -407
= 1
45
I 501

554

-607

-65 Tt T ] T ™t T T T R

0 10 20 30 40 50 60 70 80 90 100
i Iz

B4 AESESAMEmMEMESTEMLE

3.3 REBEZHIAE

Xof 3 [T ) L B e o, R P, s 2 288, 000 L 58
AR TR L B B AF2 WT  BA
) R AR H e s 3 i i 4 SR N R 3 B
BRI K, a—be 5 c—ab *ﬁ%?ﬂ%ﬁ%?ﬁ?ﬁﬁj@rﬁ,
1M b—ca AHSEA 25 L HL AR, BCFI T A AHRE B8 M
TG BEAH GG AFAE IR .

*3 REEZHBERARER

» N Wl e f A 56 AR
NG AT
u/v /A u/v /A
a-b be 19.45 2.798 200 0.243 5
b-c ca 220.90 0.302 200 0.319 4
c-a ab 19.64 2.840 200 0.365 1

3.4 SAERBHENE

X AR R A 45 SR A R AT B R B AR R
Q/GDW 1168—2013 { i 7% Ho B £ IR A K 18 120 55 B
) :“1.6 MVA DL 728 F i, 45 00 58 20 v [SE AR 8] 1
ZERMA KT = A B 2% , Te vk s g iy
LR, ZRIE 225N K F = A SME Y 1% ; R AP
HENBIT 2% , KK B FH
3.5 TELAE

AR R LI B B A AH R R S A RHAIR T SR
(R A P4 07 0 2 8 SRS A A B PR 22 B
0.5% ;4 2 ML SWMEZE B 1%, KR 1.45%,
B.C AHAR & L i3 25 0 1 25 R A5 & AL FE Q/GDW
1168—2013 (i A8 H1 15 25 IR A 4G 18 3 50 B2 ) 19
BOR

It rp HE SR 20 XHIC R BE 2 A% R H B S 36 AR



i B AR ok T, R HEA S R
AR TR, 25l TR R — R
7 I ) e S i, g I () e ™ A= % R Y 11 2 1
AR 2 5 | RSO 3 il >« >l B R 24 O D
N EE SAE AR TR, U AR AN
0 S e T A D e, R 2 s B B e L
0 TE (R T T 8 SR A A S I i
Pis 8 2 I [V et 66 7 A= 1 i % PO 5 e R 2 L, &
HOAG 25 R A P Bt iR . iz £ E
AR F FE I i, AR B8 5 L = TR Se 4L X v S
2 0 (ELI S A O R o5 % S I RS
ZH AR HE 2820 78 Fe P i “ S 2 i isd ™, 15 1] I ) 1
i S ARt S
3.6 ZEZEPEKEBEFMNRNR

4 23 i [ | LS M A B FE I iR s 1 o W
S o

LA U L e W e a5 2R w120 Rl 2 5 AR
JE A% = ) A AR 22 Sh R4 Bk w2 i A A R SR
I ] 2 S5 s o5 | ke, L 6 118 I 5 e 70>

4 fiRk A

Bz I gmak ), % HBEAT T IR R A,
K5 Bz, B0 A R e e £ P8 1 S A A S8 4L I ] e
SRR AR GRAL IO S 7, L IS I PR B e 3R 2 62
1o TR R L il , 7 B St e T 5/, il L e el e 2
iR, MARALT RS2 E e — 2L

Bs5 AHBESESRARESERE

5 45 &

T 220 &V AR T A48 L[] 467 B e o i A7

T T, WORAP SR 2 Waas L R iR as A 3 >4k
JEE XA s g L 76 ) % %) 00 B AR i B 12 Wl
AT TR E L N 458

1) A 22 Bl S 1 i 22 B ORGP O vk, X T8 e 2
I i) 6 S8 B A, ELA B 1) R, BT R B 58
il 2 2 S R ENE R S

2) ISR B0 7 i v A H e s 28 P A
2= A W e QT T S 3 T o = & S
U R

3) F L D et ) I () 67 8% 58 20 4 Ay vl 3 2 866
LRI, 2> BUR I B A i IT PR “ R IR
WAL N 5 R,

5% 0k

(1] EZRREWEJR, & EE S LKA 42017 F2EE T
A[FEMEFEFR [ EB/OL].[ 2018-06-07 ] .hitps:// cec.org.
cn/detail/index. html? 3-258004.

[2] kD, BEFE, kRS, 5. —i 110 kV A8 R 285
TS T 512 1], B TR, 2019(16) :40-42.

[3] BKTZR, 22TA. 110 kV 28 T 48 k7K 2 180 Bk 1] i 43
B[ J]. WHEH JIHAR 2015, 34(1) :32-35.

(4] F5ul, 2= %, Foi—. B A8 R 3 i ek 1l i [
PTG ]. VS T, 2021, 44(1) :82-86.

[5] #&te —i 220 kV 7425 5 4% I 18] 55 5% 5 e 2 1 X A
B[ )] AR RS, 2018, 55(9) ;70-74.

[6] dkukfi, 8 H &, T¥E, 55 W R T ) 28 R 2%
LA BARIEAI AT T]. RHERA, 2021, 47(6) .
2177-2185.

(7] ERARZE. T i AR B 00 78 TR 2% ik R 12 W7 37 F
F[D]. FA RS, 2007.

[8] MV, THeRE, Bzl % T MR E SRR BN
AR S G20 L W) S BRI PR AE R B W R GE (2] .76
IR A, 2011.

[9] kori, B, REM, & T RIS o
T A Tk X 8 I ) e B i O ik [T ] )
HA, 2021, 45(7) :2473-2482.

[10] #3A, PGSR, R, S5, A8 AR a) J ik A 1
HSBRR L] RGP 51, 2014, 42(8) .
140-145.

EE R

RN (1991), %, TRF N FEE & — k&t & H

T4,

(W75 B HP:2022-06-17)



— & 110 kV O =855 2 5 & ) 2 W A o B

B} &, 5HF ,BFE R,% ®,FNE

(1. [ RT3 A R Rl e R A ) VLR B At 211102,
2. [E R A IR R R s i 7 22 R L7958 Fe st 210019)

B B XM TREFAERBRENERG AR R, AW T RS FRBEFFHL, TR B LR RER
FRBRAE, A - S AT EE TR BAKEM 110 kV 350 % 19 1548 7 3 4E 2 GW55-126D [1 13 & - %
AR A FFES BRFEABAL A SN BEEINDRBAIEREFRENG XL CLEBEEARLGS
FABAMBK R, HET BB RIES R BT AT HR T R, Prit Bag4habid Boit 556, 3 £ B34 T4
BYTRERIEFEL,

SRR L A B R 5 R R AR L B S T G 5 B I 2 I fR SR B

FESES TM 564.1 XEHIRERL:B X EHS:1003-6954(2022) 05-0083-06
DOI;10.16527/].issn.1003-6954.20220516

Cause Analysis on Closing Failure of A 110 kV Open-type Isolating Switch

GUO Yang', GAO Shiyu', CHEN Hao®, YU Shuang', LI Yifeng'
(1. State Grid Jianysu Extra High Voltage Company, Nanjing 211102, Jiangsu, China;
2. State Grid Nanjing Electric Power Supply Company,Nanjing 210019, Jiangsu, China)

Abstract: The remote control operation regulations of isolating switch and the relationship of anti-misoperation locking are
analyzed, the abnormal operation situation is counted, and a practical abnormal operation process is proposed. Aiming at an
abnormal closing failure of GW55-126D Il isolating switch during the switching operation of 110 kV reactor interval at the low
voltage side of main transformer in extra high voltage( UHV) substation, through the analysis on the operation control circuit
diagram and working principle, and combined with the arrangement of cable wiring of field devices and the analysis on the
relationship of electric locking of isolating switch, the reasons for the isolating switch to refuse to close is determined and
the fault is eliminated. Finally, the targeted improvement measures are provided, which will benefit the following maintenance
in substations.

Key words: disposal process; UHV substation; isolating switch; closing failure; electric locking
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Gas Leakage Analysis Method for Bushing by Using
Gas Content Dissolved in QOil

LU Liming

(School of Electrical Engineering,Xi’an Jiaotong University, Xi’an 710049, Shaanxi, China)

Abstract: At present, there is no regulations and literatures for analyzing gas leakage of transformer bushing by using gas

content dissolved in oil. Through practical cases, how to use the gas content dissolved in oil is explained to analyze whether

there is gas leakage in transformer bushing and whether there is overheating fault or discharge fault and the severity of the fault.

Therefore, it can fill the gaps of related technology and provide a powerful technical reference for the production line to judge

the condition of transformer bushing.

Key words : transformer bushing; dissolved gas in oil; leakage; overheating; discharge
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