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Analysis of Commutation Failure Mitigation in
Hybrid-cascaded UHVDC System

LIU Lei, LI Xiaopeng, TENG Yufei

( State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: Commutation failure is one of the most common types of failures in line commutated converter based ultra-high
voltage direct current (LCC-UHVDC) system. In recent years, the inverter side of the newly installed hybrid-cascaded UHVDC
system still contains LCC, so the commutation failure is unavoidable. Based on the analysis of trigger regulation process of LCC,
it is clear that the input time of commutation failure control is the key factor affecting the effect of commutation failure
suppression. Further, according to the structure characteristics of receiving end of Baihetan-Jiangsu hybrid-cascaded UHVDC
and the access mode of AC system, a new idea of commutating failure suppression under hybrid-cascaded topology is analyzed.
It is proposed to fully utilize the increased voltage observation points of inverter, and enhance the sensitivity of bus voltage
response connected to modular multilevel converter ( MMC ), which can accelerate the startup speed of commutation failure
control and the suppression performance of commutation failure. The correctness of analysis is verified by PSCAD/EMTDC
simulation platform.

Key words: UHVDC; hybrid-cascaded; commutation failure; control strategy
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Small-signal Impedance Modeling of Line-commutated
Converter with Commutation Overlap

ZHANG Chun"?, LI Xiaopeng"*, CHENG Qinger’, WANG Shunliang’, MA Junpeng’, LIU Tiangi’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;2. Sichuan
Provincial Key Laboratory of Power Internet of Things, Chengdu 610041, Sichuan, China;

3. School of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract:In order to judge the stability of a power system, it is of great significance to establish an accurate model, among
which the impedance model has become a common tool for judging system stability due to its simplicity and effectiveness. In
the dg coordinate system, the small-signal modeling method based on averaging is adopted to complete the impedance modeling
of line-commutated converter (LCC) which considers commutation overlap. Firstly, the nonlinear change process of each physical
quantity in commutation overlap process is linearized by the small-signal method, and the transfer function between physical
quantities is established. And then, the equivalent impedance model of DC side and AC side of LCC is obtained by introducing
simplified model of AC network in AC side and considering the modeling of constant voltage control mode and phase-locked
loop. Finally, by comparing PSCAD/EMTDC simulation results and model calculation results, the accuracy of the proposed
impedance model is proved.

Key words: line-commutated converter; small-signal model; commutation overlap; complex space vector
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Optimization of Key Performance Indicators for LVRT of Kela PV
Station Considering Grid Frequency and Power Angle Stability

TANG Fan, LI Xin, LIU Jiayu, LIANG Xiaobin
( Southwest Branch of State Grid Corporation of China, Chengdu 610041, Sichuan, China)

Abstract: Kela PV station is the biggest photovoltaic power station in the southwest power grid, which forms a large-capacity
hydro-photovoltaic complementary system with Murong hydropower station. Its low voltage ride-through ( LVRT) characteristics
have an impact on frequency and power angle stability of power grid. Firstly,the mechanism of LVRT of PV station affecting
frequency stability of power grid is studied, as well as the power angle stability characteristics of hydro-photovoltaic complementary
system. An engineering practical method for quantiatively evaluating the impact of LVRT of PV station on grid frequency
is proposed. Then, the impacts of key performance indicators for LVRT of Kela PV station on frequency, power angle stability
and transient voltage stability of southwest power grid are analyzed. Finally, an optimization scheme for key performance
indicators for LVRT of PV station that takes into account the frequency and power angle stability of power grid is proposed,
and the effectiveness of the proposed scheme is verified through simulation testing of Kela PV station.

Key words: hydro-photovoltaic complementary system; low voltage ride-through; frequency stability; power angle stability;

parameter optimization
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Influence of Automatic Voltage Control on Small-signal
Stability of Doubly-fed Wind Farm

ZHU Jinahua', ZHU Liwei*, ZHOU Yong’
(1. Rundian Energy Science and Technology Co., Ltd., Zhengzhou 450000, Henan, China;
2. Hebi Fenghe Power Generation Co., Lid., Hebi 458008, Henan, China; 3. State Grid
Xinjiang Electric Power Research Institute, Urumqi 830011, Xinjiang, China)

Abstract:In order to solve the problems of large delay and uncertain impact on automatic voltage control system in traditional
doubly-fed wind farm, a small interference analysis model for grid connected system of doubly-fed wind farm including automatic
voltage control is established. Firstly, considering the nonlinear link in automatic voltage control, the small interference model
for grid connected system of doubly-fed wind farm with delay link is deduced, and the small interference model of doubly-fed
wind farm is formed by using the linearization principle to describe the expressions of damping torque of doubly-fed wind farm.
Next, the expressions of active power increment and power angle increment of doubly-fed wind farm are obtained through the
small interference model. Finally, the effectiveness of the proposed model is verified by comparing the calculation with the
simulation results. The results show that the proposed model can describe the damping component of doubly-fed wind farm
under small disturbance, which provides a theoretical basis for the study of doubly-fed wind farm stability.

Key words: doubly-fed wind farm; delay; automatic voltage control; damping torque
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Reviews of Photovoltaic Power Prediction Methods

CAI Yuan'*, WU Hao'*, TANG Dan'"?
(1. School of Automation and Information Engineering, Sichuan University of of Science & Engineering,
Yibin 644000, Sichuan, China; 2. Key Laboratory of Artificial Intelligence in Sichuan
Province, Yibin 644000, Sichuan, China)

Abstract ; Accurate photovoltaic (PV) power prediction is the key to successful grid integration of PV power plants. However,
factors such as solar radiation, climate and geographical conditions can cause frequent fluctuations in PV power generation,
posing significant challenges to power prediction. In response to the current demand for large-scale grid integration of PV
renewable energy, the significance and classification of PV power prediction are discussed from multiple perspectives. The latest
applications of artificial intelligence ( AI) technology in the field of PV power prediction are reviewed, including traditional
machine learning, deep learning and hybrid methods, and are compared and summarized. Currently, the main types of researches
are ultra-short-term and short-term PV power prediction for single PV power stations, and deep learning and hybrid methods
are the mainstream prediction methods. Data pre-processing, feature extraction and error compensation are the key factors to
improve prediction accuracy. Finally, future trends and research innovations in Al technology for PV power prediction are
discussed.

Key words : photovoltaic power generation; machine learning; deep learning; power prediction; artificial intelligence technology
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F, g R 0 [

(P, P P =fi(Po Py, Pl (1)

<P,,P,+l,”'aPt+k> =L (X, X X)) (2)

KPPy P TN TR P O DT SR
X0, Xy, oo Xy AREWDOGAR & R N A4 W
F BN B BREE TRLEE SR, S D s Dy R A
DIRBYRRBOC R 5 f, G AT ) 481 bR AL
K&,
2.1 fEGH|RFEINA

gl A FEAR AT thiz H, & mT LA
FH R fifp eS8 43 28 R 1] U5 T80 ) ) A0, B 7 o AR
oyt =2 TD R 35 6T 07 1) PR BOOG 2R 5 36 W] LAl R SR 2R A
S (A IN 45 T ) P R R 2R S B v A )
DA S b At R BSHR A RRAE

TECAR D AT @5, [ P AP AR 22 SCiik e, 32
BB GEHLas 2 > AT SCRR1a) 2L (support
vector machines, SVM) .k T 4l ( k-nearest neigbour,
k-NN) . A T # 22 B 2% ( artificial neural network,
ANN) | B 2 A FR 2% ) Bl ( extreme learning
machines, ELM) &%, SCHR[ 5] & T —#iR & gk
1 2 76 F # 8 & ( hybrid improved multi-verse
optimizer, HIMVO) 535 {4k SVM iS4, T
T AT — K 119 B IR BL GO AR v il 14 G AR e i )
o IFTE 3 MORTE R AT AT D0, o 45 R0 L
SVM Al MVO-SVM J7i% , 177 ¥k (- 4 % F1 73 L
1% 2% ( mean-absolute percentage error, MAPE) 7E 3 F
RATT BTG B Xy e e, U R AEWS RAF AT,
MAPE {X 5.30%, SCHK[ 6] 15T k-NN #4975 i
R ZEEHE 3 AN A X /NS T BLGOBAR &
IR A L, U k-NN S5 ] B R AT LA 3 A1
XHERRRPINZE AR . SCRRL7 A T ANN 5k %
SHARAE R F I 0T ) 32 (01 1 4 X0 15 2
(mean absolute error, MAE) & 3.64% , i Bl & i3 (55
SRR T LIE A B (B AR RS A R B T
RRERATRAE T . SCHR[ 8 ] $2 1 AY LT T-S B 9
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LU A L ER A JF 2 2= 35 AT I, 45 R % e SVM
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BT H A e AR 500 [0 R A7 2 R R, (H
To Ak BRI ] 91, i LA bt 4t 1 5B B4
BTG (recurrent unit, RU) A DE X — 0] B, H A
M) iz ) F 2K BHEIZ M2 (long short-term
memory , LSTM ) F1 7] 4% 1§ ¥1 ¥2. JC ( gated recurrent
unit, GRU) '™ SC#k [ 15 ] A .15 B ( mutual
information entropy , MIE ) X} & 485 42 [ 1 617 [ 4
PR i s AR H REAS ) Jd i LSTM F30I0 3 JK BL 2K
SR SR AT — R a4 i, 700 H i i MAPE
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RNN 1 LSTM 473 HE, S50 2 B indRNN fift ke 1
RNN (18 B 7R WOl K w7 L2 A 2 2 A AR 5
AIICALRE T, I it Bt SR P >R P/ NS IR FLEROBAR
FL S A, A [ K S B A7 I, e DG T
I H i MAE 24 0.41, 16T BP KNN FIZ2 i LSTM,
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Fo/NEV T FLOTT MDOGAR & e /Y G AR T 10 5 1e
ALK B, 2% 757 3 fE T 22 it DNN, MAPE 24
0.012, SRT7E B Z2 1Y 22748 KA PRI 14 152 28 30K
SCHR[ 18 J#EAT 17— I 5 T4 [v) % B i 28 1Y) 45 1) 2
HT— R IO Y FE 9, 2 90 A0 456 A5 R 28 I 2%
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AR 33% , SCHRL 21 ] £ X LSTM 2 4 2 fiik
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A5 71k TR R DR S T 7 R REAS A
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P, I H e BORARSC 1735 LSTM R 28311 2R 1
IR J K % o3 i TOUIN 235 2R AL 8 0, 75 38 die 2% TN 245
Ho XFH BP SVM KNN FI LSTM A G245 Rl (1Y
RMSE I MAPE B4 A R R EE Y §2 55

SCHR [ 27 18 55 80/ 328 e ((discrete wavelet
transform, DWT) ,CNN Al LSTM 178 BE il £,
CNN J3 4 B 285 DWT 43+t F1 oK 28 3 73k 1) s A
FFAE T 51, P43 0 A LSTM B AL AT F 76—
AR AR R 12 IR AT, 2 2
RF I, X e 2 )2 B HL ( multilayer perceptron,
MLP) | Eji :f% rﬁl i v UEI ( support vector rgression,
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TE VA WL I HoA R iR 28 PPN 45 Br ER AR
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FEMA T I T 525 BEH LY R B LAY Attention L
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SCHR[ 29 4t 1 2H & xUTR B2 2 ] SO A AL, )
FHHCAR G FERT 15 min MGOR S 1 D350
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intertia factor, DIFPSO) fiifk BP ™45, [l B A1 F H. %k
NS 53 % ( complementany ensemble empirical
mode dccomposition, CEEMD ) ¥ 5 4 137 51 43+ fift hy %2
AN IMF B 22 3 i, e 2445 4 i 00N 45 2R & i ik
FAHE T BL G AR H il B4l 19 3 K B ] K<
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£]0.99,

SCHRL31 ], ] T 45 2 B 25 53 (ensemble
empirical mode decomposition, EEMD ) F1 ( varational
mode decomposition, VMD) I fi B 43 0K, R4S &
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AR LA T A0 003 S SR A5 4598 - P Y Be o fi
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FHIE AT LSTM i B [E) ¢ AiE  [] g5 45 s 6 J32 422 T
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Research on Control Strategy of New Single/ Three-phase Transformation
System Based on Phase-shift Voltage Error Compensation

LI Rongrong', ZUO Wei', RAN Nianjie', ZHOU Su', WANG Xinyi’
(1. Marketing Service Center of State Grid Sichuan Electric Power Company, Chengdu 610065, Sichuan,
China;2. CRRC Zhuzhou Electric Locomotive Co., Ltd., Zhuzhou 412001, Hunan, China)

Abstract : Agriculture and animal husbandry in remote areas and electrified areas along the railway is rich in light resources
and sufficient space resources, which has good construction conditions of distributed photovoltaic, so the introduction of

"new energy locally given nearby" policy requirements, also

distributed photovoltaic in these areas can not only to cater to the
can provide certain energy support for the system, and to a certain extent, it can improve the flexibility of the system. In order
to solve the problems such as single/three-phase transformation, power quality control and local accommodation of photovoltaic
energy, and taking " traditional control improvement-new topology-underlying control research-coordinated control design" as
the main line, a single/three-phase transformation system with power quality control ability is put forward considering photovoltaic
access, and the related simulation models are established in Matlab/Simulink. The simulation results verify the correctness and

effectiveness of the new single/three-phase transformation system and its coordination control strategy.

Key words : distributed photovoltaic; single/three-phase transformation; coordination control; power quality control
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Research on Impedance Characteristics of Moistened 10 kV Cold-shrinkable
Cable Intermediate Joints Based on Frequency Domain Reflection

LI Weiwei, LIU Chang, ZHANG Hua, LUO Yang, NING Xin, WU Chi
( State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract ;: Damping of intermediate joints of cold-shrinkable cable is one of the important reasons for its failures. The existing
researches have shown that the impedance characteristics of intermediate joints of cold-shrinkable cable with damp defects will
change. The impedance of whole cable can be detected by frequency domain reflection method, and after the analysis of
its impedance characteristics, the defect can be located and the defect type can be determined. Therefore, conduct-ing
the research on impedance characteristics of intermediate joints of moistened cold-shrinkable cable can provide theoretical and
data support for the diagnosis of moisture in cable intermediate joint. The accelerated moisture experiments on intermediate
joint sample of a 10 kV cold-shrinkable cable is carried out, and then a reflection coefficient spectrum detection device is used
to regularly detect and research its impedance characteristics. The experiment results show that as the degree of moisture increases,
the reflection coefficient of cable intermediate joint shows a trend of first decreasing and then increasing. After restoring its
time-domain waveform, it is found that its characteristics develop and change from "left positive and right negative" to " left
and right balance" and then to "left negative and right positive" .

Key words: cold-shrinkable cable joints; moisture defect; impedance characteristic; time domain reflection characteristic
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Analysis of Influencing Factors on Intermittent Arc Grounding
Overvoltage in Small Current Grounding System

JIANG Lei, SHI Yong, LI Yuqi
(NR Electric Co., Ltd., Nanjing 211102, Jiangsu, China)

Abstract : As one of the most common internal overvoltages in small current grounding system, arc grounding overvoltage poses
a great threat to the safe and stable operation of power system, and the generation of arc overvoltage is often accompanied by
intermittency. The analysis of transient characteristics and influencing factors of intermittent arc overvoltage can provide a
necessary reference for preventing and controlling this phenomenon. For this reason, several different influencing factors are
considered, including arc reignition time, arc duration, arc extinction time and arc resistance. By building a simulation platform for
ungrounded neutral system, the transient characteristics of intermittent arc grounding overvoltage are analyzed, and the effects
of various influencing factors are compared. The results show that the intermittent grounding in ungrounded neural system can
produce obvious overvoltage, and the magnitude of overvoltage is mainly affected by the reignition time and arc resistance,
while the arc duration and arc extinction time have little influence on the magnitude of overvoltage.

Key words: small current grounding system; arc overvoltage; intermittency; influencing factors
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Influence of Temperature on Partial Discharge Characteristics of
Cable Terminals for High-speed Trains

PAN Guixiang', XIN Dongli’, LIU Xiao®, SUN Chuanming'**, LIU Kai’, GAO Guogiang®, WU Guangning’
(1. CRRC Qingdao Sifang Co., Ltd., Qingdao 266111, Shandong, China; 2. College of Electrical
Engineering, Southwest Jiaotong University, Chengdu 611756, Sichuan, China)

Abstract: As an essential equipment of high-voltage system of high-speed electric multiple units, cable terminal plays an
important role in energy transmission. However, partial discharge caused by detects at the interfaces of cable terminal affect
seriously the insulation performance of cable terminals and the safety of trains. Cable terminals containing air gaps of different
lengths are fabricated by an experimental method. The experiments are conducted at 27.5 kV to investigate the partial
discharge characteristics of cable terminals with different defect lengths under different ambient temperatures. The results show
that the partial discharges of cable terminals with the same air-gap length show a tendency of increasing and then decreasing
with the ambient temperature under the voltage condition of 27.5 kV. According to this characteristic, it can be known that the
discharge of cable terminals is mainly influenced by the temperature under a certain voltage level. The change in pressure
inside the cable terminal due to temperature rise becomes the primary factor impacting the partial discharge when a certain
temperature is exceeded. The partial discharge initiation voltage at the same temperature shows an increasing trend as the air
gap length increases.

Key words: high-speed train; high-voltage cable; cable terminal; interface; air gap; carbon trace; temperature; partial

discharge
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Simulation and Experimental Research on Air-blowing Arc Device

TANG Jiaxiong
(State Grid Guang'an Electric Power Supply Company, Guang’an 638000, Sichuan, China)

Abstract : After the lightning flashover in parallel gaps, the insulator can be protected while the arc being dredged quickly, but
it cannot effectively cut off the subsequent power frequency follow current. Therefore, based on the concept of " gas blowing
arc", a kind of gas-blowing arc device is designed for HV transmission lines. The device is installed in parallel with the insulator
string, and when lightning strikes the line, the gap uses insulation coordination to discharge lightning current into the ground
before the insulator breakdown and flashover, and at the same time, with the usage of lightning pulse signal, the arc
extinguishing gas pill is triggered to generate high-speed airflow. In this way, the arc can be extinguished before the work of
relay protection device. Under ideal conditions, the simulations show that the device can extinguish 20 kA power frequency
follow current within 4 ms, and the experiments show that the device can extinguish 5.1 kA power frequency follow current arc
within 2.6 ms. The results of simulations and experiments are basically consistent, which jointly verify that the air-blowing
arc device has good arc extinguishing effect.

Key words: parallel gap; power frequency follow current; insulation coordination; lightning pulse signal; arc extinguishing

gas pill; relay protection device
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Multi-factor Influence Analysis Model for Corrosion of Metal
Fittings on Transmission Lines in High Humidity Areas
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Abstract: The overall situation of regional pollution and the inducement of corrosion of metal fittings on transmission lines are
analyzed, and the analysis method and protective measures are put forward. The results show that the acid wet sedimentation in
Sichuan region is mainly distributed in the south and west of Sichuan, and is distributed in summer and autumn. The high sulfur
pollution and high acid type wet sedimentation environment is the external cause of the acceleration of corrosion rate for metal
fittings. The multi-factor model for corrosion of metal fittings on transmission lines is established, and the regional distribution
map for corrosion of metal fittings is obtained. A variety of protective measures such as anti-corrosion measures for metal fittings ,
image recognition of lines and maintenance of transmission lines are put forward. The relevant results provide a reference for
corrosion protection of meatl fittings on transmission lines in high humidity area.
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Research on Tension Characteristics of DC Submarine Cable Laying

LIU Lilin', WANG Ling®, LIN Xiuhao', YUE Hao’, LIU Wenxun®
(1. China Southern Power Grid Energy Development Research Institute Co., Ltd., Guangzhou 510530,
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Hubei, China; 3. Central Southern China Electric Power Design Institute Co., Ltd.
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Abstract: DC submarine cable is one of the most important equipment of long-distance offshore wind power transmission, and
its construction reliability are critical to the safe operation of offshore wind farms. Based on the catenary calculation model, the
calculation method for tension of DC submarine cable laying is proposed. Using the calculation model, the influence of laying
depth, laying speed, submarine cable armor structure and materials on the tension of submarine cable laying is studied. The
variation law between the angle of submarine cable entry and laying speed is also calculated. Based on the calculation results,
the proposed control measures for the tension of DC submarine cable laying and bending radius can guide the construction of
long-distance offshore DC submarine cable project.
Key words:DC submarine cable; laying; tension
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Research on Demand-side Management Mechanism and
Development Strategy under New Power System

ZHANG Tianmi, WANG Liying, WANG Yongli, ZENG Ming
(School of Economics and Management, North China Electric Power University, Beijing 102206, China)

Abstract: The large-scale and high-proportion access of renewable energy brings great challenges to the capacity guarantee of
power system and the consumption of renewable energy. It is an inevitable trend of future development to introduce demand
response resources into electricity market, give play to the important role of demand-side resources in promoting renewable
energy consumption, ensure the balance of supply and demand in the system, and realize the organic connection between
demand response and electricity market. The connotation and resource types of demand response are introduced, the development
status of foreign demand response represented by the United States, Singapore and the United Kingdom are studied, the

experiences that can be used for reference are analyzed, and the development strategy and implementation suggestions of

demand response in China under the background of new power system are put forward.

Key words:new power system; renewable energy; demand response
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Research on Influence of Tilt Angle of Stiffening Rib of
Angle Steel Tower on Force Performance of Tower
Footplate in Transmission Line

GU Liangyu', WANG Cheng', FENG Yangzhou®, ZHANG Jianwei’, WANG Haining’,
LI Lei', HE Wenjun'
(1. Southwest Electric Power Design Institute Co., Lid. of CPECC, Chengdu 610021, Sichuan, China;
2. State Grid Gansu Electric Power Company, Lanzhou 730050, Gansu, China)

Abstract: The existing regulations and specifications for tower structure of overhead transmission line do not specify the
arrangement requirements for tilt angle of stiffening rib of angle steel tower footplate, which are usually set according to
customs and experiences. Relying on the towers of 500 kV AC and +800 kV UHVDC transmission line project, the force
performance of tower footplate with single main material and four anchor bolts, single main material and eight anchor bolts and
double main material and eight anchor bolts under different tilt angles is analyzed by finite element numerical method. The
analysis results show that the change of tilt angle of stiffening ribs has a small effect on tower footplate with four anchor
bolts, but has a relatively large effect on tower footplate with eight anchor bolts. The research results play a certain guiding role
in the calculation and drafting for angle steel tower footplate of overhead transmission line.

Key words: transmission tower structure; angle steel tower; tower footplate; stiffening ribs; tilt angle; finite element analysis
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500 kV ZE TR ZVB262 B LI NBIHEAT 4047 . %
R R FH B I (AR AR B K Ol 2x133 km,
IZIESE AR R ST AN & 1 7R B T2 G i RS R Al
P S AR B . 2 bk A 2 R, SR P 8 P A B
TURR A S B AR TR | S Al | 3 AR A F2 AR 3
KSR EATT (C3D8R) AL, A 80 AT AT ASGR AR
JERE T 1) 43 BRI 2 J2 R 3 2 WA, S KN E
9 mm,, [ R AT X 38k A AR T SR 0
MA% RN BN 6 mm, AT, MR
SERAA om0 ARG 38 R R Al LA B M A 5 Mo N
R AR A R B E LT (tie ) , X IU 4 A b AR A4
JRTEEIN A2 5 , BARE T T, BT ARG AR 7R R FH XL 1
Bl 2y 5 AL ABE Y ( BKIN ) |, S5 A5 o R0 I F LE 43 )
2.06 x 10° MPa 1 0.3, T 28 # 5r B 5 4 A9
29 oAb R AE RSB AR AN i #h il ¥R A
Q355 WA, S RSB S 355 MPa; T8 R FH Q420 4K
W, i IR R EE SN 420 MPa; 3RS 0 b T2 AR 41
J R 6.8 94N 8.8 ¢, Jim IRk BE 43 il B 600 MPa
F1800 MPa, Nz 71, T #h Ak WA} 3= 2t
P& RS ™ HE AN R FH T XT84 A kA 2 ik v RS 3]

AFWEFT, PRt 32 2% 08 1 3k 00 hnsh (s
FEXTIE AR 52 ) 38 5 TR Smart Tower 3R
15 R BRI 1, 6k TR R B A8 Tt i 2,
Z AR SZ T T IR, S5 245 3] 0% 5 32 b DO el SR 4K
AL 2 s . (HAS — 320902, T 255 AR
BB ) 3 SR R AASEALL | A ) 43 LA S 2%
T3 255 A 55 S R SR A (R OB B R
) 1 AT R TEREAR R () TE A

4D50
< [4M36(42CMo)
Q34530 7 f
20 gé ]
4 7 =
Q345-10) L
==, ] &

Q345-14f
4? ?‘ a‘
I3
Q345-10

|
90 127 133 90
440

127 Lf)o

133

1 B34 O3t AR SR DA R ~T

(a) JUfarAiy

(b) PRI

2 B TR AR A A AR R
1.2 HEEBSTER
BS54, B A IO R D AR 45 A Y
15« K (Von Mises) = WA 3 Fizw,
&L 3 AT B b D b SRS A R AR - HLA
B R PERE, WK 3 () ; MRS F R BLEE
AR BRI B, I HLAE SR AL DA SR Bt A A 3% 1X
BRI 7R B E R, ULE 3 (b)  (H A AR b T
SRPEIRZS s WAV ) B BB 2R TR e S R
I A HERFLAL 1 55 88 DAL 3 (R 38 H AL, B K Mises
I 39 220.6 MPa, BA — & A B, 16 F 4k TOLA¢
PR H A RO IRENERE, WIE 3 (c) s RH6F M
I JER TR S R G 6 B KON ) AR IR AL
PrE BAROREFTE R G B DL, WWET 3(d) | (e) ;
i B AZ AL AR AR AR 5 N ) AR R E IR AT L)



S, Mises S, Mises

(F4:75%) CF4:75%)
+7.899x10% +3.550x10%
+7.240x10% +3.255%10%
+6.582x10% +2.959x10%
+5.924x10% +2.664x10%
+5.266x10° +2.369%10%
+4.608x10* +2.074x10%
+3.950x10 +1.778x102
+3.292x107 +1.483x10%
+2.633x10% +1.188x10*
+1.975x10 +8.924x10
+1.317x10% +5.971x10
+6.590x10 +3.018x10!
+8.520x10" +6.534x10!

(b) BRI F1

S, Mises S, Mises

CF#3:75%) CP#3:75%)
+2.614x10° +3.813x10°
+2.396x102 +3.498x10°
2178410 +3.183x10°
+1.960x10° +2.868x10°
7434100 2554410
+1.525x10° 223910
+1.307x10° +1.924x10-
+1.089x10° +1.61010°
+8.716x10 +1.205x10
+6.539x10 1‘;-22%*18
+4.362x10 -655%
127184x10 +3.508x10
+7.049%10" +3.609

S, Mises

(©OF ¥

S, Mises

(F35:75%)
+7.972x10%
+7.311x10%
+6.650%10%

+4.666%10*
+2.683x10%
+1.360x10*

+5.989x10%
+4.005x10%
+2.022x10?
+6.992x10

+5.327x10%
+3.344x10% ‘
+3.800 .

(d) RNy (e) EMBLS (D) HHIRAR N )
S, Mises ~ S, Mises
CF#3:75%) : CF15:75%)

+3.221x10% +2.616x10%
+2.956x10% +2.403x10%
+2.690x10% +2.191x10%
+2.425x10* +1.979x10?
+2.159x10* +1.766x10*
+1.894x10% +1.554x10%
+1.628x10? +1.342x102
+3.363x10% +1.130x10*
+1.098x10* +9.173x10
+8.322x10 +7.050x10
3one0 2550
+3.014x +2.803%

+3.598 ~ +6.804

(g) FFAFIRHERL /)

(h) MEhh RS

3 BB N = E

SRR R, WL 3(6) |\ (g) s sl fe KRy = 2248
PR R 5 A s BEAL, WE 3 (h) , B K Mises
N J12h 261.6 MPa, LA, B4 AR LIE 53
FEAE P b RIE AR AE LB T 0T 55 R AR R SR oA
#Jm iR IR E A B E e, PR T Bk AL
P& AR B AR
1.3 MmEMERAESHEHR

T 3ok RO N O ABUARE £ B R GEAN [) £ B X 1
[ 32 S R RE A SENE Il Tl A RE ) R KLU A ] 4
Fimm o IS4 X A AR AT 4007, P dE
TN il 5 1] 45 v FE AR AE B A RMA 5 A T £

B4 MHMPHGHE

ARG T 3 A A AN #h i e S 6, 3 A
R T IE AR Z 1 RE R AR AT Bl ST
FAREBUE AR 2, M DL 41 2% 58, B AU 6 ok 00
15°.30°,45° ,60° LA K Tchn£h il 6 Fh T-0Li# 475047 o

6 Fh TO T EE AR Von Mises v 1 = & WLIE S,
AT AR I AR AR FR BT B8 AR iz g Jee e IX 38 AR
PR3/ 3% L R B b DU b R 2 A BT RS2 1 T
AT A /N S AR 1 B v w2k, BRI
S AE R AR/ 6 A IS A TS in#h ih T8¢, 76
TSN ST S5 RS R 1 Je IR i $h Bl T80 A5 fie
B K, U I RGN S 5 R S IEARGE 1) — R AR
K6 25 T B DU M MR 2 AR B BRI B ey 2 A5 A o
SRVE

P 6 25 T BA TR DU MR 2 A S A BRG £1%) ey 28 7
Rk, L v (or B8 o536 B AR o0 S5 HE AT 20 T
Il 6 RTAL, BEE N2 W ABUAR) f B 3 35 A 1y
TR — B AR, (H AR B AR R/ NE RN
TG T & T UL T S AR & IR 0 1 28545 8.
FH e 1 AT IS WA} f B O I 3 RS i e 7K
Z W7 2 AT T KA, TS ik & 28 91 B#A%17.53%



S, Mises S, Mises
(F45:75%) (F4:75%)
+3.550x10% +3.550x10%
+3.255%10% +3.255%10%
+2.959x10% +2.959x10%
+2.664x10* +2.664x10*
+2.369%10* +2.369%10*
+2.074x10* +2.074x10*
+1.778x10* +1.778%10*
+1.483x10% +1.483x10%
+1.188x10% +1.188x10%
+8.924x10 +8.926x10
+5.971x10 +5.973x10
+3.018x10 +3.021x10
+6.534x10! +6.792x10
(a) 0°
S, Mises S, Mises
(F34:75%) (F35:75%)
+3.550><1$ +3.550x10%
+3.255x1 +3.255%10%
+2.959><lg§ +2.960x10*
+2.664x1 +2.664x10*
+2.369x10% +2.369x10%
+2.074x10* +2.074x10*
+1.778x10* +1.779%10*
+1.483x10% +1.483x10%
+1.188x10% +1.188%10%
+8.924x10 +8.928x10
+5.971x10 +5.975x10
+3.018x10 +3.023x10
+6.527x10 +7.047x10

(d) 45°

(e) 60°

S, Mises

(F49:75%)
+3.550x10%
+3.255%10%
+2.959%10%
+2.664x10*
+2.369x10%
+2.074x10*
+1.778%10*
+1.483x10%
+1.188x10%
+8.924x10
+5.971x10
+3.018x10
+6.505%10

(e) 30°

S, Mises

(F35:75%)
+3.550x10%
+3.254x10%
+2.959x10%
+2.663x10*
+2.367x10%
+2.071x10*
+1.776x10*
+1.480x10%
+1.184x10%
+8.886x10
+5.929x10
+2.972x10
+1.456x10

) Thnzhih

5 BIATERRE N ZE (8 3EHMNE)

YR 60° M AR T T R AIK 3.09% , NI
T TE GRAF N 68 i) 55 085 B2 b AHAE RS L T
fBURHA BEA BRI 60°,

1500
— 0°
1200
\ —e— 15°
Z 900 ! 7 300
] I —v— 45°
ol §14zs //" —— 60°
{2 600F $ i
& 3
300} JEHR LS /mm
0 L L . .
0 1 2 3 4 5 6
JEARALFS /mm

B 6 27 i iR AR T 2 R i 4%
R 1 InEhELRT B A O 3 R SR RAVAR R E O #

gﬁﬁ RN wpian R
0 754.17 57.14 —
15 754.17 57.14 0
30 746.63 56.57 1.03
45 739.09 56.00 2.06
60 731.54 55.43 3.09
Tehn#h 618.42 46.86 17.53

2 WM\ LIRS AR 52 77 P BE > B

2.1 HERE

LA/ bR AR L5 AR FE L ik v AR )
PO (BRI e B0 ) a2 I 1Y) JC30302W T 5K 3% Ry
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TORRA TR A\ H B2 A7 S 1 R 2 A 7 =X

ST OLHEAT 3BT AR /\ SR DAy 35 )
M AR BUFAT R TR 2 A, 45 AR PR A8 15 B
RO, B 50 v i A | B RS 0 R A 2R
JHSEAR BT (C3D8R ) BE4UL, A% Ja) 7 | i1 5 25 1 LA
L fir 8t in 75 =X [e] B 2 DU R — B, B A
J\HIRRE AT A 8 Ff

900

7 MER/\ IR R T

' '
1 I
5 B

(a) JUfAEzY (b) Mg RN 7
B8 MEH/\iFEHR AR TR




S, Mises S, Mises S, Mises

CF#3:75%) CF15:75%) (GF#3:75%)
+8.553x102 +3.550x10% +3.113x10
+7.840x102 +3.266x10 +2.854x10%
+7.127x10 +2.981x102 +2.594x102
+6.415x102 +2.697x10> +2.335x10
+5.702x10 L +2413x10° +2.076x10%
+4.989x10) +2.129x10 +1.816x10
4277102 +1.844x10 +1.557x10
+3.564x10 +1.560x10% +1.298x102
i%‘%éﬂgi +1276x102 +1.038x102
ionis A +9.917x10 +7.788x10
a0 +7.074x10 +5.195%10
A oTex10 +4.232x10 +2.601x10
: +1.389x10 +7.445x102

" .
(a) HEfAs (b) FERIBR g () HUBRR:7g
[]
S. Mises : S. Mises S. Mises

CF#3:75%) 5 CF1:75%) CF15:75%)
+3.550x102 - +2.181x102 +8.553x102
+3.255x10° N +2.000x10% +7.844x10%
+2.959x10° a +1.819x102 +7.135%102
+2.664x10° 5 - +1.637x10° +6.426x10°
+2.369x10° B +1.456x102 +5.717x10
+2.073%10° - +1.275x10 +5.008%10%
+1.778x10° +1.093%10 +4.299x102
+1.483x10° +9.119x10 +3.590x102
+1.187x10° +7.306x10 +2.881x102
+8.920x10 +5.492x10 +2.172x102
+5.966x10 +3.679x10 +1.463x10°
+3.013%10 +1.866x10 +7.545x10

+5.946x10" +5.220x10" +4.554

(A BRI

(g) HMFAFIRRER )

(e) EMFT

() Hh IR N g

S. Mises % o S. Mises
(F35:75%) CF#3:75%)

- +7.184x10% +2.699x10%
+6.586x10% +2.478%10%
+5.988x10% +2.257x10%

-~ +5.389x10% +2.037x10%
+4.791x10* +1.816x10*
+4.193x10* +1.595x10%
+3.595x10% +1.375x10*
+2.997x10* +1.154x10*
+2.399x10% +9.335x10
+1.800x10% +7.128x10
+1.202x10? +4.922x10
+6.039x10 +2.716x10
+5.724x10" +5.095

(h) IMEhh RS

9 XME#/\ERERIR A 5 = E

22 HERBSWER

WIS HE S AT, U R N b R A A 25 4 1Y)
Von Mises z= I UNE 9 Fras, Al UG EE . XFE M /U
JESE AR Von Mises N JJ2EAAR b AbFE— AR A 7K
L WKL 9 (a) s B RAARTE 5 #AR A % X B0 70K,
UL 9(b) s #AR Ry fe R B R e S B R
FHI%E BB FL AL | K Mises v /7K 311.3 MPa, 4%
R MRIRES  WLIEL 9 (e ) s RUBE | FEAE 1 7 4 h AR BR AL
PLE R RRTE R VI LA, WL 9 (d) L (e);
b AR FIFT (A WS 5 KON ) 32 BEAR AR 8T LA
SAZWRIRTE, WL 9 (f) L (g) s IMsh B KB g 2
A e TR S A AR 7 X 38, W 9 (h) |, B K Mises
N 374 269.9 MPa,, [7] PO Hb R 73 by — 3K, J5 22 32 %

Je X X b\ iR R s A A Ry 1 2

1L 25 0T WLE b\ b B 5 A 25 i 194 7 2k
feRg i 2, fh B 11 AT, B 0 2h A f R
R 38 R, 3 IRV 1) 7R 2% T A BT B AIG, 7E 0° ~ 30°7
RN R /N, R 2 4 T & T RIS
MR MR A fr 2 M5 8., P 3% 2 AT 0, in S b At g
AR e, 3 TRV BB 7K 32 1 A 2k T RATR, 24 m 2h b
R 28 30° B 7K 4R T AT BEAR 5.5% , 4 Jin 20 ol i A
2 45°M IR SRR T 16.48% , BUN N #h 5 & %% 71
FEAR T 30.77% ., B BLAE P47 0 S0 il %6 1 452 1o
6] O TS — RO, B UBTRH B 7 3 1 e
30°LAN

R2 INFEHXE W EH )\ b IR B R 1 R0

5 I SN Al R A ot H B A2 ) P RE A R I # VLS
4 L0 FHGHEIIBRL Von Mises B J1 25 P I 10 ’ POl PR N
B P 10 R0 b 30 604 £ 5 7 0° ~ 30° N OIS 0 o
YA AR 17 3 B AR DX A /N 2 SR i 0 A4 £ 0 2900.77 71790 >0
REL 3075 , 4 IO X B K g 0 B ® zolosh o ome o
TN RGN Al T8, B2 AR A T 0 4% 1 o0 234108 20093 228
Tomhih 2 168.94 525.25 30.77

N HCA IS T 00T BRI B O 7 3 BN S




(e) 60°

S, Mises
(F49:75%)

+9.938x10
+7.098x10
+4.258x10
+1.417x10

S, Mises
(F49:75%)
+3.550x10%

+4.660%10
+1.857x10

) Thnzhih

10 FTRTERRNEAZE(REM/\HLE)

S, Mises S, Mises
(F45:75%) (F45:75%)
+3.550x10% +3.550x10%
+3.266x10° +3.267x10
+2.981x10% +2.985x10%
+2.697x10° +2.702x102
+2.413x10° +2.420x10°
+2.120x10% +2.137x10
+1.844x10% +1.855%10%
+1.560x10% +1.572x102
+1.276x10 +1.280x102
+9.917x10 +1.007x10°
+7.074x10 +7.243x10
+4.232x10 +4.418x10
+1.389x10 +1.592x10
(a) 0°
S, Mises S, Mises
(F45:75%) CP¥9:75%)
+3.550x102 +3.550x102
+3.267x10 +3.268x10°
+2.984x10% +2.985%10%
+2.702x1$ +2.703x10
E
Sl 3400
T e
570% +1.574x1
+1.288x10% +1.291x10?
E'(z)(l)gxigz +1.009x10*
219% +7.264x10
+4.391x10 - +4.441x10
+1.563%10 +1.617x10
(d) 45°
5000 |-
4000 -
—=— (°
o
Z 3000 | —— 15
=2
= —a— 30°
® —— 450
= 2000 |
—— 60°
1000 |
0 L . \ .
0 1 2 3 4
JEARALES /mm

11 X )\ B2 EE B AR 7oy 5 (2 7% o 2%

3 FEM /MRS AR 2 TP RE A

3.1 HEEER

AH LGSR/ b S5 AR, SR 2 b/ \ i 852
MAFAERE I O , I 59y I AU Ak 7 5 T 325 B A 1) 32
JITERES M T 3 TR ST . XEiE, LIRS I
A FEEL IR LT AR £500 KV ]38 X e] B0 e TR
B S1201 Tt sk R, 28k R o E AN
MRS AR 3, RN E 12 R, B AR A g s

T f=1
O345.65 1 BA5-20 SMe0 =
A )
! ! =
B el N
0|
IS
E 2
=
<t
Q
Fany _ S Fany
N
g
Vi)
g g
120] 120 216 234 170 | 120
1030

12 B )\ RAR R ~F

Jr 3 L FAAT WS 30 3 LKA it Jin < 75 X4 [)
XU /N MR AR f 5 — 2, BOE B R an e 13
B7s

(b) MR
B 13 BEEH/\thREEEARTEE

32 BESWHER

A HCME A3 AT, BR R A\ b R S AR 5 A 1Y
Von Mises = WA 14 P, /T LA BE . 5030 B B
R Von Mises I 734K b 7 J4: 7 Bl N JILE 14 (a) ;
PE R 4 A KB 3 A AFAE 22 5 1R A0 B IX R ) 8¢
ZIN T BB b B AN O 8y 71 L (]S im0l T
T EIA B IR AE A, WA 14 (b) s b Fm S R
IR EJE R, W 14 () | (h) , HEE R AL T 5Pk
ARZS s BB | F2 A8 bt R A R AT 1 R e e A 37 ) %8¢
AN LA AR BE E AN, WLIET 14 (d)—(g) o AT
SCOMAT— B, J5 2 3B SN 2 I ABUR £ R X 2 A
B3z 3 RE I
3.3 mEpEEAESHHAR

ANTEMBARH A BEAVE R 5 A 3 I Von Mises
I ) = LN EL 15 Biros o BT 1S Rl B fin s il
(URE A B2 Y 185 O, B b 1 A 49 e e DX S8R B
IR A R S AT B T T 35 AR A T n 5 ) 2%

(@) JUfER



S, Mises S, Mises S, Mises
CP#9:75%) (%Zﬁm;zog)lt b (%ﬁ:;s;ﬁ; o
+3.204x +5.927x
Ié;éﬁgiiﬁi +3.029x10° +5.433x10?
2 A
+6.548x10 r 12 446102
+5.821x10 +2.231x10 +3.952x10
+5.093x10 :%-233*}81 +3.458x10
x
I;‘%?Si}ﬁi +1433x102 Zoesell
X ; e +2471x102
+2.911x10; . +1.978x10?
+2.183x102 +9.015x10 +1.484x10?
+1.456x10 1223;*%3 +9.903x10
698x
7282410 fagslg +4.966x10
+7.207x10 +2.998x10
(a) HEARRIRY (b) IR Fy (o) iR B 7
S, Mises S. Mises S. Mises
(F44:75%) (F44:75%) (F44:75%)
> i > e >
Bonie e oI oot
+2.684x10° +2.379x10 +7278x102
+2.416x10 +2.150x10 +6.551x10
+2.148x10 +1.921x102 +5.825%10
+1.881x10 +1.692x10 +5.098x10?
+1.613x10 +1.462x10 +4.372x102
+1.345x10 +1.233x10? +3.6457102
+1.077x102 +1.004x10 42919x102
+8.095x10 +7.747x10 +2.193x10?
+5.417%10 +5.455%10 +1.466x10*
+2.740x10 - +3.163x10 +7.397x10
+6.199x10" +8.707 41328
(d) BRI (e) EMMT () Mg
S, Mises S. Mises
(T45:75%) .-.-‘ (F45:75%)
+5.910%10? =) +3.550x10?
+5.418x10° eifion +31278x10
+4.925%10° +3.005%10
+4.433x10° arld 42.733x102
S e e
42.055x10° +1916x102
+2.463x10° L~ +1.644x102
+1.970%102 ol +1.372x10*
+1478x10° TR +1.099x10*
e = o
+7207x10° L ] 4282510

(@) FFFEAER )

() ImEhh R

14 BEH) MR ERIR R = B

S, Mises

(F49:75%)
+3.550x10*
+3.266x10*
+2.982x10%
+2.698%10%
+2.413x10*
+2.129x10%
+1.845x10%
+1.561x10*
+1.277x10*
+9.926x10
+7.085%10
+4.243x10
+1.402x10

(b) 15°

(e) 30°

S, Mises
(F4:75%)

S, Mises S, Mises
(F49:75%) (F45:75%)
+3.294x10* +3.550x10%
+3.029x10* +3.264x10%
+2.763x10* +2.978x10*
+2.497x10* +2.691x10%
+2.231x10% +2.405%10*
+1.965%10% +2.119x10*
+1.699x102 +1.833x10%
+1.433x10* +1.546%10*
+1.167x10* +1.260x10*
+9.015%10 +9.740x10
+6.357x10 +6.878x10
+3.698x10 +4.016x10
+1.039x10 +1.154x10
S, Mises S, Mises
(F4:75%) (F49:75%)
+3.550x102 +3.550x102
+3267x102 +3267x102
+2.984x102 +2.984x102
42702102 42701102
+2.419x102 +2418x102
+2.136x10% +2.135%10%
+1.853x10% +1.852x10%
+1.571x10% +1.569x10*
+1.288x10% +1.286x10*
+1.005%10% +1.004x10*
+7.223x10 +7.206x10
+4.395x10 +4.377<10
+1.568x10 +1.547x10

(d) 45°

PR IRENE R, W7E 0°m#hh T 50 54 A AR i
IR S BOMEN IS B4/ b B A R B8R K
R

P 16 25 H TR S\ b R R ) i 25 %
2k, AT LA B I Sh i 60} 2 A9 08, 55 1
ks BA RAEAS JT e (149 S 28 B8 =2 i), 15 B 3 Ji

(e) 60°
15 JFIRATEMRL = E (REM/\ i)

+3.550x10%
+3.267x10*
+2.984x10%
+2.701x10*
+2.417%10*
+2.134x10%
+1.851x10%
+1.568%10%
+1.285x10%
+1.002x10*
+7.185x10

+4.354x10

+1.522x10

) Fhnzhih

BRI FTFEA%, 26 3 45 T Inshh7e A e it
£ B PR A B IR AR 0 T 2R A5 R, T LR B,
IS ATRE A RE AR I B b VAR T R K AZ 1)
Faf BRACHR R . 24 Sh I 508 2 15° iR 38 B R
i 6.67% , A} 2 30° B 7K ZL TREAIR T 14.29% , i L
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Study on Corrosion Behavior of Carbon Steel in Typical

Atmospheric Environments in Dazhou

WANG Fanggiang', WANG Zhigao', HAI Chao®, GENG Zhi', DU Cuiwei’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;2. Corrosion
and Protection Center, University of Science and Technology Beijing, Beijing 100083, China)

Abstract : The corrosion behavior of Q235 carbon steel in typical atmospheric environments in Dazhou is studied by 1-year
outdoor exposure test, corrosion rate analysis, rust layer morphology observation, rust layer composition analysis and electrochemical
test. The results show that the corrosion rate of Q235 carbon steel is 23.78 wm/a in Tongchuan district of Dazhou, which
is located in industrial atmosphere, while the corrosion rate of Q235 carbon steel is only 10.33 pm/a in Wanyuan of
Dazhou, which is located in rural atmosphere. The surface corrosion products are mainly composed of y-FeOOH ,
a-FeOOH and Fe;0,. The electrochemical results show that the corrosion of carbon steel in heavy industrial environment of
Dazhou is more serious, and its resistance of corrosion product scale and charge transfer resistance are higher than that in
rural environment of Dazhou, which indicates that the surface rust layer could effectively protect the substrate and slow
down further corrosion of the substrate.

Key words: carbon steel; atmospheric corrosion; heavy industrial pollution of environment
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Research on Development and Application of Maintenance-free
Respirator Conduction Detection Device

XIAO Jian, ZHANG Fuyue, ZHANG Yihang, LUO Hao, FU Wenqi, GONG Zhengxu, WANG Keyu
(UHVDC Center of State Grid Sichuan Electric Power Company, Chengdu 610042, Sichuan, China)

Abstract: At present, maintenance-free respirators are used to replace traditional respirators in UHV converter transformers.
Due to lack of breathing oil cup, the breathing state of oil-immersed equipment can not be judged directly in case of gas circuit
blockage. For this reason, the technical principle of spirometer with " electronic lung function" is used for reference to design
a portable and convenient conduction detection device, which can detect and read the " breathing state" of respirator through
sensing circuit and display the reading on the spot, so it can meet the use needs in daily maintenance and acceptance work of
converter transformer, and at the same time, it can significantly shorten the detection time and improve the detection accuracy.
Finally, a physical sample of the designed detection device is manufactured and installed on the respirators in converter trans-
formers. The effectiveness of its conduction detection is verified by experiments.

Key words : converter transformer; respirator; conduction detection; respiratory state
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Electricity Theft Detection Based on Deep Hybrid Attention Networks

PENG Jun', LI Qilin', ZHOU Yao®, YUAN Zhong®, PEND Dezhong”, LIU Yizhi’
(1. Marketing Service Center of State Grid Sichuan Electric Power Company, Chengdu 610045, Sichuan,
China; 2. College of Computer Science, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract ; Electricity theft detection aims to identify and detect unauthorized or illegal electricity usage. In the context of rapid
development of smart grid, achieving accurate electricity theft detection has become an important concern in both academia and
industry. Aiming at the limitations of existing methods, which rely on manual feature design and have insufficient capability in
low-level feature extraction, an electricity theft detection method based on deep hybrid attention network is proposed. The
proposed model combines channel attention and self-attention mechanisms to capture complex features such as temporal
dependencies and periodicity across different levels and spatial ranges in the data. Specifically, the model enhances the expression of
low-level features using a channel attention network in the low layers, captures global contextual information using self-attention in
the middle layers, and learns attention parameters through self-supervised learning to extract more expressive and discriminative
feature representations. Experimental results on the national power grid dataset demonstrate that the proposed method can
achieve better performance in terms of AUC and F1 scores.

Key words: electricity theft detection; smart grid; hybrid attention network; self-supervised learning
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Analysis and Diagnosis of A Gas Production Fault of
Converter Transformer

YANG Zaibao', YANG Cheng”, LIU Yong', HAN Kai', YI Feng’, GAO Zhixin’
(1. Shandong Power Equipment Co., Ltd., Jinan 250022, Shandong, China; 2.Datang Linqing Thermal
Power Co., Ltd., Liaocheng 252600, Shandong, China; 3.State Grid Shandong Electric Power
Research Institute, Jinan 250003, Shandong, China)

Abstract: A typical operation and maintenance case of converter transformer is introduced. Firstly, the conventional test,
withstand voltage test, induced voltage test, long-time no-load test and overcurrent test are analyzed after the converter transformer
being returned to the manufacturer, and it is determined that there exists overheating fault inside the converter transformer. And
through the disassembly of hanging core, it is found that the core of converter transformer is short circuited between pieces
and the winding is burnt, which confirms the previous test judgment. Finally, some suggestions are put forward for the following
process improvement and factory test of this series of products.

Key words: converter transformer; induced voltage test; long-time no-load test; overcurrent test; disassembly inspection
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