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Wide-area Voltage Self-optimization Control of Distributed
Generation-Grid-Load-Storage Resources in

Novel Distribution Systems

LU Yu', XIANG Yue', LIU Junyong', ZENG Pingliang
(1. Sichuan Province Key Lab of Smart Grid (Sichuan University) , Chengdu 610065, Sichuan,
China; 2.Engineering Laboratory of Regional Energy Internet Technology ( Hangzhou Dianzi
University ) , Hangzhou 310018, Zhejiang, China)

Abstract ; Differing from the traditional distribution network which is a pure power distribution system, the novel distribution
system gradually shows the form of a large complex system with strong coupling and strong correlation of generation-grid-load-
storage. These resources show the characteristics of wide-area distribution with many points, wide area and small amount. It is
of great significance to explore the wide-area voltage regulation potential of distributed resources such as renewable energy
generation, distributed energy storage and flexible load to the novel distribution system. A wide-area voltage self-optimization
control method considering distributed genration-grid-load-storage for data-driven novel distribution system is proposed, the
wide-area voltage quality of distribution network is improved through integrated cooperative control of these distributed resources,
which can ensure backup capacity of energy storage and reduce network loss at the same time. Finally, taking an urban
distribution network for example, the effectiveness and advancement of the proposed method are verified, which is more suitable
for the voltage regulation requirements of novel distribution system than the traditional voltage regulation method.

Key words: novel distribution system; wide-area voltage control; distributed generation-grid-load-storage resources; deep

reinforcement learning
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DC-link Capacitor Virtual Inertia Control and Inertia Effect
Analysis for PMSG-based Wind Turbine

ZENG Xueyang, LI Xiaopeng, CHEN Gang, ZHANG Huajie, ZHANG Chun
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : In order to solve the problem that power grid inertia is continuously reduced due to the increasing penetration of wind
power in power system, a DC-link capacitor inertia control of permanent magnet synchronous generator ( PMSG) -based wind
turbine ( WT) for participating in grid frequency regulation is proposed. With the virtual inertia control, the DC-link voltage
and AC frequency are coupled to release the static electricity stored in DC-link capacitor to provide inertial support for power
system during frequency disturbance. This virtual inertia control can effectively suppress the rate of change of frequency
(ROCOF) and reduce the maximum deviation of frequency under frequency disturbance, and improve the dynamic characteristics of
frequency. In addition, the key parameters affecting the virtual inertia time constant and the exact relationship between virtual
inertia time constant and DC-link capacitor are discussed in details, and the selection method of the relevant parameters is given.
Finally, a simulation study is built in PSCAD/EMTDC, and the simulation results show that the DC-link capacitor virtual
inertia control can accurately simulate the inertia response of synchronous generator, whose control performance is better than
that of the traditional rotor virtual inertia control.

Key words:PMSG; wind power generation; virtual inertia; DC-link capacitor; frequency support
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Joint Data-Physical Driven Frequency Security Intelligent
Assessment of Large Power System

CHEN Zhen, WANG Xi, CHEN Gang, SHI Peng, FAN Chengwei, WANG Yongcan, SHI Huabo
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: The low-inertia characteristic of new power system brings serious challenge for its frequency security. In order to
quickly and accurately assess the frequency response of large power grids after disturbance, a joint data-physical driven
intelligent assessment method for frequency security of large power grids is proposed. To realize the effective combination of
data model and physical model, a credible ensemble learning method for frequency security assessment is designed to realize
the accurate credibility evaluation of data-driven frequency security results, and the credibility threshold is set as the basis for
switching between data model and physical model. If the credibility index of data model is higher than the threshold, it is
adopted as a reliable data-driven frequency safety evaluation result, otherwise it is switched to the physical model-based time-
domain simulation method for evaluation. The simulation model of Sichuan power grid is utilized to generate datasets and carry
out model performance analysis, and the results show that the proposed method combines the rapidity and accuracy of frequency
safety assessment.
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Balanced Scheduling Strategy for Edge Computing Tasks
Based on Load Redistribution

XIE Huan, DU Shu, CHEN Shaolei, MA Mei, ZHANG Qiuming, DENG Bingyan
(State Grid Sichuan Information and Communication Company, Chengdu 610041, Sichuan, China)

Abstract: The current computational offloading mechanism of 5G heterogeneous network has problems in terms of edge node
resources and latency and load balancing of power service scheduling algorithm. The balanced scheduling algorithm based on
secondary redistribution of power service priorities is proposed for the shortcomings of min-min algorithm and max-min algorithm,
comprehensively considering the load balancing and service computation delay of edge server. The algorithm divides the priority
of services according to the maximum tolerated delay of services, and determines the ratio of long and short services according
to the standard deviation of minimum completion time to realize the pre-allocation of services. Based on the load of each edge
server, the algorithm then allocates the services on the high-load edge servers to the low-load servers to achieve secondary
redistribution. Simulation results show that, compared with typical algorithms, the proposed algorithm alleviates the above
problems in the existing technologies, reduces computational latency, achieves load balancing, and improves system resource
utilization.

Key words:edge calculation; load balancing; secondary redistribution; 5G; power Internet of things
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Research on Design and Operation of Photovoltaic-Energy
Storage System in Tibet Plateau

SU Gang', LI Kefeng', WANG Hui', LANG Chunlei', YAN Xiaobin®
(1. Tibet Branch of State Power Investment Group Co., Lid., Lhasa 851414, Tibet, China;
2. Southwest Electric Power Design Institute Co., Ltd., Chengdu 610021, Sichuan, China)

Abstract: Tibet is rich in solar energy resources, and promoting the application level of photovoltaic is of great significance for
improving power security and building a clean, low-carbon, safe and efficient energy system. Aiming at the problems caused
by the extreme conditions in Tibetan Plateau region, such as insufficient power supply capacity of regional power grid, low
photovoltaic utilization hours, and great influence of photovoltaic on power grid security and stability, the research is carried
out taking the energy storage project of Yangyi 10 MW photovoltaic power station for example, which is connected to Tibet
Dangxiong power station at an altitude of 4,700 meters. Firstly, the design of high-altitude battery energy storage system is
studied, the high altitude correction strategy and the selection principle to reduce capacity for energy storage converter are
proposed, and the thermal management design of battery system is analyzed. Then the architecture and control strategy of
photovoltaic-energy storage control system are analyzed in details. Finally, combined with the power supply guarantee policy
made by the government and the investment costs on operation and maintenance, the economy of energy storage system of this
project is analyzed and evaluated. The results can provide a reference for the design of photovoltaic-energy storage system in
plateau area.

Key words: battery energy storage system; high altitude correction; photovoltaic-energy storage control strategy; economic
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Carbon Electricity Bundled Transaction Technology and Close-loop
Buyback Strategy for Hydro-Wind-Solar Complementary System

CHEN Xue, LI Jianhua, WU Yunxia, FU Hao
( Southwest Electric Power Design Institute Co., Lid., Chengdu 610021, Sichuan, China)

Abstract: A carbon electricity bundled transaction technology and closed-loop buyback strategy for power generation enterprises
are put forward. The contract transaction mode of " medium and long-term electricity quantity + additional CCER ( Chinese
certified emission reduction) " between power generation enterprises and users is proposed, and the carbon electricity bundled
transaction and closed-loop buyback mode between power generation enterprises and users have been formed. At the same
time, taking into account the electricity spot market and carbon market, both power generation enterprises and users can sell
electricity or CCER in carbon electricity market to improve their economy. Taking the hydro-wind-solar complementary system
for example, the trading benefit evaluation model and user cost evaluation model of carbon electricity market for integrated
power stations are established. Finally, the comprehensive carbon and electricity benefits of hydro-wind-solar complementary
system in middle and long-term market and spot market are analyzed through an example simulation, and the economic cost of
user side under the proposed carbon electricity transaction mode is evaluated. The proposed method can not only increase the
comprehensive income of power generation enterprises and reduce the cost of users, but also promote the absorption of clean
energy and the coordinated development of electricity market and carbon market.

Key words: electricity market; carbon market; CCER; transaction technology; hydro-wind-solar complementary system
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Spot Market Clearing Model Considering Cascaded Hydropower
Vibration Area and Hydroower Coupling Constraints

XIONG Zhijie' , WANG Yanfeng', ZHANG Dawei', ZHANG Qinqgin®, DENG Zhisen'
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China; 2. State Grid
Tianfu New Area Electric Power Supply Company, Chengdu 610218, Sichuan, China)

Abstract: The market clearing problem needs to add more discrete variables due to the characteristics of optimal dispatch
model of cascaded hydropower station with vibration area, time delay and nonlinearity. At the same time, the hydraulic and
power coupling constraints are complex, which makes the calculation time significantly increased so as to difficultly meet the
actual requirements. Firstly, a market clearing model considering hydropower coupling constraints is formulated. Secondly, for
a large number of discrete variables of vibration area in hydropower coupling constraints, and based on the basin relationship
and membership relationship of power plants, the variables and constraints related to the vibration area are compressed. Finally,
based on the actual power grid data, an example analysis is carried out, and the results show that the proposed spot market
clearing model and variable dimension reduction method can effectively reduce the market clearing time, and meet the actual
operation demand of spot market.

Key words : cascaded hydropower station; market clearing; variable dimension reduction; vibration area
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Bidding Strategy and Trading Technology of Thermal Power
Plant in the Environment of Carbon and Electricity Market

LI Jianhua"?*, CHEN Xue', FU Hao', WU Yunxia', BAI Zhidan'
(1. Southwest Electric Power Design Institute Co., Lid. of China Power Engineering Consulting Group,
Chengdu 610021, Sichuan, China; 2. Collgeg of Electrical Engineering, Sichuan University,
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Abstract : The construction of electricity spot market and carbon emission rights market has been continuously promoted, which
brings new opportunities and challenges to the production and operation of thermal power plants. A bidding strategy and trading
technology are proposed for thermal power plants in carbon and electricity market. Firstly, the carbon emission trading
and management methods of thermal power units are analyzed, and the association and key influencing factors of carbon and
electricity market are studied. Then, based on the output characteristic model and cost model of thermal power units, the price
of carbon and electricity market is taken into account, and the unit bidding models in three modes are established respectively,
that is, electricity market, electricity market with free allocation, electricity marker with paid allocation. And furthermore, the
output optimization model and solution method aiming at maximizing the benefit of thermal power units are proposed. Finally,
the effectiveness of the proposed method is verified by an example simulation.

Key words : electricity market; carbon market; marginal electricity price cost; bidding strategy
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Study on Influence of Temperature on Internal Pressure Monitoring of
Oil-paper Insulated Bushing and Its Suppression Measures

TU Yanming', LONG Zhenze', WANG Zhichuan®, ZHU Xin', LIU Qiang', JIANG Wei', CHEN Ling'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract: When discharge or overheating fault occurs in oil-paper insulated bushing, the internal insulation oil and insulation
paper will be decomposed to produce characteristic gas, and the internal pressure will increase correspondingly with the
increase of gas, so that the monitoring and warning of defects can be realized by monitoring the internal pressure of bushing.
However, the changes in ambient temperature and load current will lead to the changes of temperature inside the bushing,
which will lead to the changes in internal pressure, thus bringing disturbance to the early warning using pressure monitoring. In
order to eliminate the disturbance of temperature on pressure warning, the law of the influence of temperature on internal
pressure is studied, and the method of common mode suppression to reduce the influence of temperature is proposed. The

results show that the proposed method can effectively reduce the influence of temperature on pressure monitoring of bushing.

Key words: oil-paper bushing; pressure response; online monitoring; temperature suppression; defect warning
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Study on Monitoring Technology of Grounding System in
Zhangbei Flexible DC Transmission Project
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(1. State Grid Sichuan Electrical Power UHVDC Center, Chengdu 610041, Sichuan, China;
2. XJ Electric Co., Litd., Xuchang 461000, Henan, China)

Abstract; The main circuit structure, operation mode, grounding electrode and its function of Zhangbei flexible DC transmission
project are introduced, and the importance of grounding resistance as grounding electrode is described. Aiming at the possible
faults of grounding electrode, the adopted real-time monitoring methods are studied and analyzed. The differences between voltage
and current method and injection method are compared, and the reasons and advantages using injection method for Zhangbei
flexible DC project are also explained. The selection basis of injection signal frequency is analyzed. According to the system
characteristics and parameters of Zhangbei flexible DC project, the primary equipment and the structure of monitoring circuit
are selected to meet the injection principle. Through the theoretical analysis and system simulation test, the influence of wave
trap coil or not on main system is verified. Finally, the technical scheme of on-line monitoring of grounding electrode in Zhanghei
flexible DC project is determined.
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Implementation Method of Harmonic Overvoltage
Protection for Transmission Line

DING Xuanwen, ZHU Xin, ZHOU Wenyue
( State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract:In weak-link power grids, after a normal main transformer closing without load, the inrush current is injected into
power grid. It is very likely to cause large harmonic distortion at the end of the system, thus lead to serious harmonic overvoltage ,
which can cause damage to electrical equipment and load and bring serious economic losses. In order to solve the problem of
over-voltage protection which is unable to respond to harmonic overvoltage for the existing transmission lines, the method of
harmonic overvoltage protection for transmission lines is put forward. The proposed method can correctly respond to fundamental
overvoltage and harmonic overvoltage of transmission line, effectively isolate the propagation of harmonic overvoltage in
power grid and protect equipment from harmonic overvoltage damage. The effectiveness of the proposed method is verified by
experiments.

Key words :relay protection; harmonic overvoltage; overvoltage protection; inrush current; transmission line
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Superficial Analysis on Error Source of Transformer

Oil Chromatographic Detection Data

TIAN Qiangian, LAN Xinsheng, WANG Jie, HUShihong, DONG Zhongming, WANG Yan
( State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: Transformer oil chromatographic detection is one of the important techniques for state evaluation of oil-filled
equipment. The trace deviation of the measured data will lead to the misjudgment of the state of equipment. Based on the
chromatographic data in 2022 compared among 35 laboratories, and combined with the experimental spectra, the possible
causes for the deviation of transformer oil chromatographic data are briefly analyzed from environment information input

deviation, aging equipment parts and test details in the process of chromatographic detection. Finally, some suggestions are

proposed for instrument maintenance and test control in chromatographic detection.

Key words : transformer; insulating oil; chromatographic detection; error sources
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Research on Active Power Measurement of Nonlinear
Load Based on IEEE 1459 Standard

CAO Qing, WANG Can, LIU Rui, LI Xiaorui, ZHOU Jiancheng
( State Grid Leshan Electric Power Supply Company, Leshan 614000, Sichuan, China)

Abstract: The nonlinear load equivalent model of Emanuel power theory is improved for harmonic active loss measurement
problem. Combined with the apparent power decomposition formula of IEEE 1459 standard based on Emanuel power theory,
the harmonic active loss measurement expression based on the improved nonlinear load equivalent model are derived. The results
of three measurement methods for nonlinear load active loss is analyzed by Matlab simulation. By comparison, the proposed
measurement method can measure the nonlinear load active loss more accurately and conveniently. Finally, the power quality

measurement instrument is used to measure the harmonic content of 10 kV load in a power grid. The load loss is calculated

by the proposed method, which verifies the effectiveness of the proposed method and the economic benefits.

Key words : harmonic active loss; nonlinear load equivalent model; IEEE 1459 ; power flow; Matlab
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Failure Analysis of Brass Three-way Valve Flange in A GIS Equipment

ZHAO Xinghong', CHEN Jiahui*, FENG Jie', PENG Qian’, WANG Fanggiang’
(1. Gaoxin District Branch of Sichuan Shuneng Electric Power Co., Lid., Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: A large number of fractures or cracks occurs in brass three-way valve flange of GIS equipment in a substation, which is
easy to cause SF gas leakage and has serious safety hazards. Through the analysis and research on macroscopic appearance,
chemical composition, metallographic structure, structure of the failed three-way valve, the reasons for the cracking of three-way
valve are clarified and the improvement measures are put forward. Results show that the flange of three-way valve is lead brass
and subjected to large circumferential tensile stress due to improper structural design and assembly method. Under the action
of surrounding corrosive environment containing oxygen and sulfur elements, stress corrosion cracking occurs along the stress
concentration area of the flange.

Key words:GIS; brass; three-way valve; stress corrosion; cracking

BSF, SR, R R AR B AT, k2

0 51 5

B A RAF 0 T AMRE sk e DL R
RS S RN o 240 e ¢ N S W 2o R 2 R B P20 I
FHN bRy I A S i 0 b el 1 R S 42 s
TR A AT i v VA M R B BB i A D
FOs AT PRI AT e i R TT 2L, L HE 52 el v I 1Y 22
SfaEiEtr e,

BE 220 kV ABHLYG GIS WAE1T 5 4F , KA <4
Sk =0 R 2 B [ AR R Y W R el 2L AT e
EETE 6 148 1~ R E (5219972000311)

BB TR R AR, R T LR s 1,
A e WG S A < ARSI | T 11 3 g
TR AR T A5 BT BB AT IR EE 4 BT
F L 2P RN 4R B P s A, o GIS 58
AHERRIBCT G s 4R AR IS R, i
FAUR AR

1 BARE 5 4

1.1 BITHE
ZAR B A A TR X, PR AT %4 A AE



JEB I T, S AMZT R AR ARRAE 15 C A A, W
FE, ST X, PR I =3 R vk 2 A< A Ak T
HA MY B s s g,
1.2 ENEE

E AR 5k 2 ARG ST R
T 2 T TE 30 R AR AR L, = Rk 24 o A 2
5 GIS B se ki, E 1 PR,

(a) BAT LTI (b) MLk
1 CISE&=EBREZIMIFRR
[l 2 S5 =38 IR vE 2L W B 3, AT L, 2
3G VAR P e 13/ EARUEE P/ Y AR T < < I 1T NN =2 P
BN YR, HR B AR s A, W H
TCHA . SRR TE | 5 R ) B DR R AR AE

(o) LA

(a) ALl
B2 kM= EREZENRIR
1.3 =Ry

X B0k 2 URE AT A2 40 BT, S5 R n gk 1
INo AIE R A A AR SR U A5 GB/T
5231—2012 i T4 K i 5 4 Wi A4k 24 1 43 ) v
HYECE HPbS9—-1 Ay 2R . HPbS9-1 ELA Ryl
DIHIPE B Ty 2Pk fe (R il 22 , 5y BN ) J6 i
FFEL,

R KBEZNUERSRESE 0%

X eI Cu Fe Pb RIS Zn
MR A 58.03 0.15 1.58 0.89 39.35
HPb59-1 iy -
o 57.0~60.0 <0.5 0.8~19 <10 N
bR At

1.4 £HESH

e FL T W 24 BORE , AR RE 28BS 4
o6 SRS AT 4 A 0 R A 2O g 25 R AN D 3 B
o AIAEM, SAHHALZUN 0 o A+ KA B A+ R

UKL Ph A, o AR HOR BHAR L OIR . SEECRE A UY
o Hl B HHAR T A5G i AR O RERRAE

(b) JBCR5001%
3 EZEOMLESHEAR
1.5 ErO4a#H
/B 2008 Ve e [ s W U R E K 1) R A
BT LER T RO S, A&l 4 From, W7 A ik
PRI SRR S5, A R R e A HARAE
—E AR S MY, X O AT RE RS AT
Wi F1Ab A 4 B 1Y 3 FOCE Cu Zn P & &4 51N
43.5% 28.3% % 8.6% ., WA, iBKMEIEEZ 0.8 5
JEMRITER , F s i 16.1%F1 3.4%

B4 Z@B®EZEONMUREIR
1.6 L5
LA T =30 Rk 22 A ) J5E R A DI, 1
TR AR R TR I IR 2218 AT Y



Z I, IR AP 2, R SolidWorks 14
= A COMSOL A FRIC/ b 4k 4 k4T
LViE=R =

5 Sk 2o 2 = fR ik 24 0 LA RS Y | s R b4 )
¥ RAL R 90 GPa, % FE 2k 8500 kg/m’, JAHA LKy
0.35, 455 LbRiBiT gL, 75 2 FERZIBR AL S
T A0 ) BN 1R 1 MPa B B O R L i Rk
o AN LIRS Ze s e Bt 1k 22 5 =08 IR AR
HERET(_FARI) WK 5(a) iR, 225 GIS #47e
PRI (R R FEAE— IR P A5 [
E I E R Bl R AR T 11 1 %) (B AT, B A
ECIPBE M N [ 5E 200, A& S (b) FR

(b) VAZ 5 GISH A& e i eI M ] 40 e B

5 KB=BEE=RILARE

6 =18 vk == A IR A% o A v i 52 00 0 4
BRI EOL o P UL I 2 AR BT e A 0] o7
PRSP S LS e T VAN Rl 3 TP
H1o B ZRIE A AR LA 7 R, i
AR ¥ 22 IR AS AN 1 22 P AR
FEEL OO 22 ORI 0K sz
73 5 FUBTAEA B T JRE B/, DR bk 2= By /N LA
N5y KA, 5 PR AE BV &

2 #ikafite
i3 LR AR L ph Y B/ ML

TE |38 G5 22 /INFL B S 82 B 107 T B P 1 32 73
55 DX, A ANE 2 1o A ok 4 3 R 4 T 5 30—

fA: von Mises/¥i /] (MPa)

— ¥} v ~ w =N | 0

(a) fiFHLEl

{£&: von Mises/v. /] (MPa)

o = N W A U o 9 ®»

(b) {PHLE
Bo Z@REZBEEASH

i FLFER/N (mm)

B7 Z@EERE=EEEESS

R AEWIERRAL, BE—2 I I ) 4 iR e A 4
HREIGN , o 28 T Sk oG A ) R A T L B
PRI A B 1132 22 % A IR R 24, mT LA 2o 2% BR /AL
4 75 R RV 22 2 B X 12 22 R =38 W) A (A i A7
— AR, B N g A AR DX I ) B ) £ R
BNLTEAS S UL R s R P S T N N (A aa
TEAL NG OLS IR AR 25 AN, T3 22 18 7 70 A 14 3 2]
PERR BB T, 25 5 T 28R A 1 B FEAR AT 30% o

3 oMt
SR REEN VL e 1) DN TR iRV T DU

BT EMR, & Zn BN 40.24% , )8 T & 5F
(w(Zn)>30% ) BEHA  fFEREZ MEME B AHAL ST, B4



TE32 JRZE T S AE B M I o #L B AT AL TE
SR T FE R, S BB A R BE N RS AR T
B4 BIRE AR RN | S Rk AR IETERT R

5 BT 1 BE 2 AT TR BT T A AE AR — E L A
0.8 FEIEIITR 5 =l IR 22 T Ak Y is 17 5
FAWI B TR N B AR 4 1 2 1F ., ik 2 AR B
SER TR 3k 22 A% 1) 5 2 B A o BT FLAR O 32 )
T DX W S D A s A 22 e A A B Ok
ROk 2281 0 AT TR 3 22 R R TRV T iy b
RN, H/NLBIT ik 2252 155 1K, 5 3L
HE IR E N B R R s e
AL T, ALV IRIE S b SR A | i
LN RE R A SRRV AT, 38 i LR R A
T I 50U %5 o3 A, — 38 1R 325 22 O 24 4b it oz e
AR | W 11 Dy MR ) S U A S T 5 I
S LR Y 1 B B I 7 T e O 2R W T
fit . BOMAESN T3 FRAYN J7 8 A 5 38 5] 4
A AR 1 R Ak s BT FLAR A T
J2 T3 B T OT 2

4 4 ik

TR B 0 R 2 Ak T LA S el
Vs, HAh M et A ey Ul %
BRI BN Ty, A0 T A rp ik 22 N RT RE A
TEFR BN Sy, it hiliE R 12T R AL )

)))))))))))))))))))))))))))))))))))))))))))))))

(L% 57 W)

(1] H R, ik, 306, 5. e Wi ik T4 R i
BRI PTATPERFSEL T ]. W IR 2015,39(6) :
1719-1724.

[12] AMORIM H P, CARVALHO A T D, RODRIGUES T
B, et al. On-site measurements of partial discharges
through tap of the bushings-Brazilian experience in
power transformers [ C ]. IEEE International Conference
on Solid Dielectrics, Bologna, IEEE, 2013 (12):
2010-1023.

[13] RPN, @ FLAR 2278 5. B9 R UHF K HIE
JEEALIE S AL, BRI T],2016,38(3) 1257
-262.

[14]  JBIE,FHME SRRAE 55, JET AR s o iy il i
UGB G AELMTI [ T]. = R BOR 2020, 46
(2) :546-553.

PIRAE T BB v =2 R A 1 g ) g o 2R s
24, PR B DU N

1) B — 38 R F 7 8% e 50 T T 20 s 2 i
ATIR KRR AR 7, B 1k B 4% 0L 7 kg 7 g 8 ol 4 43t
Feak,

2) oAb = I A AR BT B 2 A R I —
AT DB/ INE: 22 52 TS B 12 7

3) PR ] R A A R T el A [, = i
BTG S U Bt Re i H A A
—E SRR Y 4 A AR e AR B A A 5 A A

n%é—z\o

S 0k

(1] BEEEE 2000 T8 R A& 8BRS M. K Y,
g R A, 2012.

(2] ZRM0fs RO A A S N IR M. JEaT AL Tl i
WAt ,2015.

[3] HBzue, RGN, 28 B, 56 A8 R AR B B 42 Je JT 24T
RIS ] A0 3] 2021,36( 1) :51-53.

(4] Bffd IEAZ, ok E 72, %, 32 708 T 4 il 1T 24 2R 3k 4y
Br[ 1] Bkt ,2020,37(S2) :133-137.

[5] ok (R, 2. 4 M AR T AR K oy BT[] .4
RHIFSE 58,2009, 3(3) :200-203.

EE =AY
ARSI (1990) , %, TAZIF A F b W A E e m & % 2k

¥ TAE

(Wc#s H H#5:2022-07-27)

)))))))))))))))))))))))))))))))))))))))))))))))

[15] [ M)A fe Jg 28 &)L g 20 i i & I 2%
201720551103 P].2018-02-09.
[16] B0 U JI| 25 | g 28 ) E g /0 il i 4 W 0 2
201720554508[ P].2018-06-05.
[17]  EJATb e A AR A R 22 A 45 28 FE 2% vh
Vi SR T 50K 3 ) . DL/T 722—2014 [S]. b
s HPEHL T R, 2015.
[18] “HEAZFIREMAMBARZE R & AGEE Wy F4
Z(E ) BHA TEE TR AT (DGA)
HHI TS0 . GB/T 24624—2009 [ S].4b5¢ . v E kR
H AL, 2010.
EEREAT:
HBER(1972), 8 At SR IR ANEFGELERK
Favl, 1 Z G4k B AR TAE,
(W78 B #9:2023-05-19)



AR FL vl LV L YR A PR L R B A

IERLVEMW  BRE EHR,
(1. FERIpU) A w o R e, DU S#ER 610041
ZEMMMﬁ%ﬁﬁﬂﬂﬂk%QEJMH&% 610041)

O E. AL I0KV EUsbAALRUEE WML RE TR T A M, FHMRXBEREN, ZFHLALR
Bk B R EARBME RS DA AR TR, ERBRMERM A S et AL EL A
%, AMICAHR RS EM Ffe L Fta £ i R AIC AR Ph-Sn—Sh &4 8.7 , 4 5] A& Sb.Sn f£ 44 & R4
AT, ik RARIC A0 & R B4k, UG ARIE A A P, PR E T Bk B R A G RMMEL A
K EUR AR ETERE L ST Sl

FESES . TM 912 XEARERS A XE4HS:1003-6954(2023)03-0085-05
DOI:10.16527/j.issn.1003-6954.20230315

Failure Analysis of Valve-regulated Lead-acid Battery of
DC Power Supply in A Substation

WANG Zhigao', DONG Hanbin', CHEN Jiahui', WANG Fangqiang', XU Guangda®
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract: The failure analysis of lead-acid battery of DC power supply in a 110 kV substation is carried out. The results of
dismantling test show that the failure of DC power supply battery in this station is mainly caused by the corrosion fracture of
positive plate grid and negative bus bar. The corrosion and fracture of positive plate grid is related to high floating charging
voltage of the battery. The corrosion of negative bus bar is closely related to its material and process. The negative bus bar uses
Pb-5n-Sb alloy, which will cause Sb and Sn segregation at the alloy grain boundary, and poor welding process could accelerate
the intergranulary corrosion of negative bus bar. Finally, according to the existed problems, the improvement measures are put
forward to avoid similar failures in the future.

Key words:DC power supply; lead-acid battery; failure analysis; corrosion
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Analysis on An Abnormal Acetylene of Vacuum On-load

Tap-changers for Converter Transformer

LUO Xinyu', LIAO Wenlong', LIU Rui', LI Longjiao®, REN Ayang’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China; 3. State
Grid Sichuan Electric Power UHV DC Center, Chengdu 610041, Sichuan, China)

Abstract; The vacuum on-load tap-changer is one of most important components of UHV converter transformers. During an

annual maintenance for converter stations, the abnormal increase of acetylene in the oil chamber of vacuum on-load tap-changers

of UHV converter transformer is reported for the first time. Based on the oil chromatographic analysis and hanging-core

inspec-tion, it is found that the discharge ablation caused by the loose fit between the bolt and the screw hole directly leads to

the abnormal acetylene. According to the mechanical analysis of abnormal phenomenon, the suggestions for maintenance

standards and daily operation of on-load tap-changers are put forward, which provides precious experiences for the follow-up

similar works.

Key words : converter transformer; vacuum on-load tap-changer; oil chromatogram; acetylene; discharge ablation
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