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Urban Distribution Network Dynamic Reactive Power Optimization

Considering Electrical Vehicle Station

DONG Xin, LI Guang, QTAO Rongfei, LIU Shen, KAN Changtao”
(State Grid Jinan Power Supply Company, Jinan 213000, China )

Abstract: With the large—scale access of renewable energy generation, renewable energy vehicles and electrified rail transit, the
voltage problem of urban power grid is becoming more and more prominent in the actual operation process.In this paper, an optimal
reactive voltage control method for urban power grid considering the reactive power support of electric vehicle cluster is proposed.
The orderly charging power control model of electric vehicles is built based on the operation characteristics of electric vehicles , and
the power factor control of charging piles is taken as the reactive power compensation for the system.The refraction reverse learning
mechanism, Levy flight mechanism and spiral search mechanism are introduced in coati optimization algorithm (COA)to improve
the convergence speed and accuracy, and the improved coati optimization algorithm (ICOA )is used to optimize and cooperate the
output power of renewable energy generation, the charging power factor of charging piles and the output of reactive power
compensation device.Finally, the effectiveness of the proposed method is verified by simulation, it provides a solution for the voltage
problems caused by new energy power generation,new energy vehicles and electrified rail transit access in urban power grids.

Keywords: renewable generations; power factor of vehicle charging station; dynamic reactive power optimization; urban power
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Influence of Power Electronic Arc Suppression Coil on Harmonic

Current Selection of Grounding Fault

QTAO Dongwei'!, GONG Defeng!, QIN Suya?", YANG Kun!, XUE Yongduan?
(1. State Grid Tai’an Power Supply Company,Tai’an 271000, China;
2.College of New Energy , China University of Petroleum (East China) , Qingdao 266580, China)

Abstract: With the popularization of “double—high” power grid and the development of power electronic technology, power
electronic arc suppression coils are widely used in the field, which makes the harmonic components in the resonant grounding
system continue to increase and the fault process becomes more complicated. Aiming at the resonant grounding system including
power electronic arc suppression coil, the distribution of harmonic current on the line after grounding fault, the relationship
between harmonic current and transition resistance as well as line parameters is analyzed.The influence of power electronic arc
suppression coil on fault harmonic line selection technology is clarified. The analysis shows that in resonant grounding system
including power electronic arc suppression coil, no matter the size of the transition resistance, the fault harmonic line selection
technology based on polarity is not applicable ; when the fault resistance is large or the distributed capacitance of the fault line is
not the largest, the fault harmonic line selection technology based on amplitude is also not suitable.The correctness of the analysis
result is verified by simulation.

Keywords: power electronic arc suppression coil; grounding fault; harmonic distribution; harmonic characteristics ; transition

resistance ; harmonic line selection
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Fig.7 Simulation verification 1:magnified zero—sequence

current waveform of each line (fault 1)
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Longitudinal Protection Method of AC/DC Hybrid Power Grid for
Voltage Wave Similarity Using Bhattacharyya Coefficient and

Pearson Correlation Coefficient
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(1.State Grid Jinan Power Supply Company, Jinan 250012, China;
2.Key Laboratory of Power System Intelligent Dispatch and Control (Shandong University ), Jinan 250061, China)

Abstract: When a fault occurs on the tie line of AC/DC hybrid power system, the electrical fault characteristics on the DC inverter
side are different from those of an infinite AC power supply.The sensitivity and reliability of traditional protection methods will be
hard to guarantee.In this paper, a longitudinal protection method of AC/DC hybrid power grid for voltage wave similarity based on
Bhattacharyya coefficient and Pearson correlation coefficient is proposed.The wave similarity of the measuring voltage and the
calculated reference point reference voltage on both sides is compared. The voltage wave similarity is judged by combining
Pearson correlation coefficient and Bhattacharya coefficient. After that, the longitudinal comparison of the similarity judgment
results on both sides will be conducted.The identification and judgment of internal and external faults in the entire line can be
achieved reliable.The PSCAD simulation results demonstrate that the proposed method can accurately identify faults on the tie
line of the AC/DC hybrid power system, exhibiting high reliability and applicability.

Keywords: Bhattacharyya coefficient; Pearson correlation coefficient; voltage waveform similarity; longitudinal protection;
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Research on Short—-term Electric Load Forecasting Method

Based on WOA-AM-GRU

HAN Mingchong!", HAN jie?, JJANG Chao!, SU Benyong' ,HAN Bing?
(1.State Grid Caoxian Electric Power Supply Company , Heze 274400, China;
2.Beijing Normal University , Beijing 100875, China;
3.State Grid Jining Electric Power Supply Company, Jining 272008 , China)

Abstract: The rapid development of contemporary society has led to increasingly complex electricity systems. To ensure the
economic security, efficiency, and reliability of electricity systems, research in short—term electricity load forecasting is
indispensable. Considering the complexity, diversity, and certain regularities inherent in short—term electricity load data, we
propose a short—term electricity load forecasting model based on the whale optimization algorithm-attention mechanism-gated
recurrent unit (WOA-AM-GRU) model. Firstly, the gated recurrent unit (GRU) can excavate the hidden laws among the
historical load data, laying the foundation for realizing load forecasting.Secondly, the model integrates the attention mechanism,
which can discover the degree of hidden correlation among the data and get the contribution proportion of the feature information
so as to weight the data, highlight the feature values with large influence , and improve the model operation efficiency.Furthermore,
for the problem of difficult selection of hyperparameters of the attention mechanism—gated recurrent unit (AM=GRU) model, the
whale optimization algorithm is used to optimize its parameters and improve the prediction accuracy of the model. Finally, the
short—term load forecasting model based on back propagation (BP) , long short—term memory (LSTM) , GRU, AM=GRU, and
WOA-AM-GRU is constructed, and the comparative experimental analysis is carried out in combination with examples, and the
results confirm the superiority of the short—term power load forecasting model based on WOA-AM-GRU.

Keywords: short—term power load forecasting; gated recurrent unit; attention mechanism; whale optimization algorithm; WOA-

AM-GRU
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Distributed Photovoltaic and Energy Storage Aggregation Operation

Optimization Method for Resource Differences

GUAN Yifei*, WANG Yuejiao, LIU Yiyuan,SUN Shumin, YANG Song
(State Grid Shandong Electric Power Research Institute , Jinan 250003, China )

Abstract: The high penetration rate of distributed photovoltaics leads to fluctuations in power grid capacity, which brings
enormous pressure to the safe and stable operation and power supply of the power grid.To address the above issues, a distributed
photovoltaic and energy storage aggregation operation optimization method for resource differences is proposed.On the basis of
constructing the distributed photovoltaic and energy storage aggregation operation optimization system model , the differences in
energy storage resources and their consumption modes are considered.The optimization problem of distributed photovoltaic and
energy storage aggregation is transformed into a problem of minimizing joint operation costs.In response to the uncertainty of
photovoltaic output, energy storage charging and discharging power, as well as the complexity of optimization constraints and
feasible domain splitting, a distributed photovoltaic and energy storage aggregation operation adaptive evolution strategy is
proposed. The adaptive scaling parameter is introduced to control differential vector scaling, which can improve the algorithm
performance, enhance the photovoltaic absorption capacity of the distribution network , and make the operation status of the power
grid better. The simulation results show that, compared to the single energy storage operation mode, the proposed algorithm
improves the overall optimization performance by 45.66% and 23.03%.

Keywords: distributed photovoltaic ; energy storage ; aggregation operation ; resource differentiation ; adaptive evolution
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Virtual Power Plant Day—ahead Operation Optimization

Considering Peak Shaving Auxiliary Service
GENG Jian!#*,JIN Yulong'?, YANG Yufeng!'-?,CAO Jing'?, WU Xijin!-2
(1.NARI Group Corporation (State Grid Electric Power Research Institute ) , Nanjing 211106, China;
2.NARI Technology Co.,Ltd.,Nanjing 211106, China)

Abstract: With the large—scale development of renewable energy, pressure on the safety and supply power grid is becoming
increasingly severe.lt is urgent to fully tap into user—side adjustable resources, actively guide the generation, consumption, and
storage to participate in friendly interactive power grid operation through VPP, and improve the power system flexibility and
reliability. Firstly, the operation mechanism of VPP participating in peak shaving auxiliary service transactions was analyzed , and
the operation architecture and business processes were proposed.Secondly, based on the characteristics of storage, CCHP, and
adjustable electrical load, a typical controllable resource model for VPP was established. Then, the day—ahead optimization
objective model was constructed based on the comprehensive income principle. In view of cold—heat, — power balance and
equipment operation constraints, the optimization objective was efficiently and quickly solved. Finally, using a VPP typical
summer day and considering the time—use electricity price for case analysis, the comprehensive benefits were maximized while
meeting the diverse energy demands and verifying the effectiveness of the proposed optimization strategy.

Keywords: virtual power plant ; market transaction ; operation optimization ; comprehensive benefit
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The Climbing Performance Estimation of Conventional Power

Units Based on Time Series Data Mining

LIU Enren!, GAO Song!", BAI Zhuo 2, YANG Zijiang®, LI Lemeng*, LI Jun'
(1.State Grid Shandong Electric Power Research Institute, Jinan 250003, China;
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Abstract: With the continuous expansion of renewable energy generation and the peak—valley differences of power grids, it is
difficult to keep power balance in power grids. The climbing performance of conventional generation units is an important
parameter, and it is used to regulate unit output and keep power balance. A climbing performance estimation method of
conventional generation units is proposed based on time series data mining technique.Firstly, a step—change detection method is
adopted to determine the co—directional, large scale changed, continuous adjustment data segment in the automatic generation
control ( AGC ) instructions of the units, and the actual power data segment is obtained in the corresponding time period;
Secondly, based on the piece—wise linear representation of the actual power data segments, the climbing performance value is
calculated through a weighted average method during the period ; Finally, by performing density peak mining and linear regression
analysis on the two—dimensional sample set which is composed by multiple sets of climbing performance values and AGC
instruction values, the estimated climbing performance and confidence intervals can be obtained.The proposed method can avoid
the estimation error of climbing performance caused by the startup and shutdown of the units, as well as other abnormal
conditions, and it is of great significance for power grids to keep power balance by utilizing the climbing performance of
conventional units.

Keywords: conventional power units ; climbing performance ; density peak mining;linear regression analysis
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Research on Temperature Distribution and Diagnostic Criteria for

Poor Contact of SF/N, Mixed Gas Disconnector

ZHANG Pipei'™,SUN Guofeng?, LI Jie', WANG Peng!, WANG Jiangwei!
(1.State Grid Shandong Electric Power Research Institute , Jinan 250003, China;
2.State Grid Yantai Power Supply Company, Yantai 264000, China)

Abstract: GIS containing SF,/N, mixed gascan effectively reduce environmental pollution and has gradually been applied in GIS
at 220 kV and below, including disconnector chamber. Considering that poor contact of disconnector is a common defect, it is
necessary to study the temperature distribution of SF /N, mixed gas disconnector during poor contact.This article established a 3D
simulation model of a typical model of 220 kV SF(/N, mixed gas disconnector, and calculated the temperature distribution law of
the mixed gas disconnector under different contact resistances and operating currents. The results showed that when the contact
resistance increases, the highest temperature of the conductor was always located at the insertion point of the moving and
stationary contacts, and the growth rate was faster with the increase of contact resistance.The highest temperature on the surface of
the shell was always located directly above the insertion point, and the trend of change was relatively slow.Further the temperature
difference on the shell surface when the temperature at the insertion point reached 90 °C was sort out, and serving as a criterion
value for diagnosing severe internal heating defects using the shell surface temperature difference , which was helpful for the on—
site rapid diagnosis of severe heating defects caused by poor contact in mixed gas disconnector.

Keywords:mixed gas; poor contact; temperature distribution; multi—physical coupling; defect diagnosis
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Effect of Electric Conductivity on the Charge Accumulation

Characteristics of DC—-GIL Insulator
LI Jie",WANG Dan, WANG Peng,SUN Jingwen, GU Chao
(State Grid Shandong Electric Power Company Research Institute , Jinan 250003, China)

Abstract: In order to study the transient surface charge distribution characteristics of basin—type insulators under the action of
electrothermal coupling field, a three—dimensional geometric model of a horizontal direct current gas insulated transmission line
(DC-GIL) was established. The effect of electrical conductivity on charge accumulation characteristics of DC—GIL insulators was
investigated with finite element method.The results indicate ,that,with the increase of the volume conductivity, the charge density of
the convex surface gradually changes from negative polarity charge to positive polarity charge, which is dominated by electric
conduction mechanism through insulator volume With the increase of surface conductivity, the charge density of convex surface
gradually changes from positive charge to negative charge, and the dominating way of surface charge accumulation would take a
transition from electric conduction through insulator surface to electric conduction through insulator volume in the process. During
the operation of a gas—insulated transmission line (GIL) ,current flows through the central conductor, generating joule heat inside the
GIL and insulator and establishing a spatially distributed temperature gradient.Since the conductivity of the insulator varies with
temperature, it affects the electric field distribution of the insulator, and then the charge distribution, under DC voltage. Therefore,
when evaluating the insulation performance of DC~GIL insulators, the influence of volume and surface conductivity should be
considered,and the influence of temperature gradient should also be taken into account for long—term operation of insulators.

Keywords: gas insulated transmission lines ; insulator; thermal-electric coupled fields; surface charge
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Research on Line Fault Ranging Method Based on the Mathematical

Morphology and Hilbert—-Huang Transform

ZHANG Yongdong', TAO Weiye?, CHANG Xinli', WANG Yunpeng*, CONG Yudi'
(1.State Grid Weihai Power Supply Company , Weihai 264000, Chinas
2.Huaiyin Institute of Technology , Huaian 223003, China;
3.Shandong Rongfuxin Information Technology Company , Jinan 250000, China)

Abstract: Transmission line fault localization is a necessary measure to quickly check the fault location and save energy.To
address the problems affecting the ranging accuracy of traveling wave ranging methods, such as noise interference, deviation in
the calibration of the arrival time of the wave head, and error in the calculation of the wave speed, a double—ended traveling wave
fault ranging algorithm based on the combination of mathematical morphology (MM) and Hilbert—Huang transform (HHT) is
proposed in this paper.Firstly, the high—frequency transient quantities that occur after the fault are decoupled using the Clarke
transformation to obtain the line mode and zero mode components. The fault traveling wave is extracted from the line mode
components, and the traveling wave signals with noise interference are filtered using mathematical morphology. Then, the
instantaneous frequency spectrum is obtained through the empirical mode decomposition (EMD) and the Hilbert transform, and
then the position of the mutation point is found to determine the arrival time of the wave head, and the position of fault is
calculated by combining with the double—ended travelling—wave ranging, which has no relation with the wave speed Finally, the
results of the combined algorithm and the single algorithm are compared.The simulation results show that the ranging accuracy of
the combined algorithms is higher than that of the single algorithm, and the error percentage is 0.086%oc, which verifies that the
proposed line fault ranging algorithm has high reliability and accuracy.

Keywords: traveling wave ranging ; mathematical morphology ; Hilbert—Huang transform ; fault ranging ; noise interference

BT : [ g L 24 W] R H (520613230005 )
Science and Technology Project of State Grid Weihai Power Supply Company (520613230005 ).

78



SRR, 85 B TRAIE A8 5 A KA RS — SR e i AR e e e R 7k F S

0 35l

WORS @ A iR o Q2R [ L S5 4 1A
AR AR rl, A JE A A8 SR o R )
FLA I T LR PR AEAG N DR 3 K i e o B A T A
FNAEAG M F A B b 240 e 452 FL I 1) 2

& GE 1 28 AL 77 ¥k A BLPTE AT B
BT L AR PRAN ], BELHTTE X o3 hy B BT 125 11
X LT RE 7 Bt B R AR 5 i L B L B
Ao FEL DI 0 B 5 2 i RS 5 g L4709 7 R ] [
SR U AR K 2 15 O, S8 A SR P [ 20 SR ST
S AT AR AT I 1 AN 32 3 3 vl BHL L i
P 2I TR S5 8 S M), A ) A P 2 3 ok R )
FEIFRES O BUARA Tk IS |, AT A BB A T
R RUAT PR = AT P . b B A T s
T M) FH 2 6 A 25 A B R R A 82 25— 380k 3000 2%
FIAY I [F0) 1904 388 30 5 B 0 2 B0 118 P T 22 A il i o
AL 5 Ui A 7 I8 12 2 i ) P 44 B s il B3 7™ 2
BT I8 1v) I 340 43 R I () 22 25 GPS R IRF, DT 552
IR LR I B B 6 5 AT R R T — PR AR IR 1Y
SR X i 125 , e ) PG I e e e 0 e A 00 30 3 i o
LR A ity T i LA B R0 R % T i 114 2465 % B 22 2R A T
DR

A T BE ) S B R 18 S ) R DA B g Sk 303K
[E) P 2 [ P 3 AT P, 2 o T B K R 3 i 52
Wi o e S AN B D7 vk T A R ik AHOCE: BUEIE
Z52# (mathematical morphology , MM ) /N 28 e 75 /K
1A% - ZZ ¥ (Hilbert—Huang transform , HHT) DA &z —
ST . SCHRL 12 5 T —Fp e T2 50 /N
e 1) B S AT 9 DN B s, S R 2 N R
(empirical wavelet transform , EWT) X 2= £5 B, 370 27 25
Gy EAT O S A RO 3 B o A A T R B Ak
SR IG I INBE 1) T S P A 0 i X Y A 7 S R
S, HER R M ER 25 R 22 8K . SCHER[ 13 ] F HHT
SR AT VWK AT o B ks, A e 1 /N AR 4 A
AN SE R TR AT (EL 5 [ B A 22 1 MR P R
T EORS BE 52 o SCHRL 1415 155 58T MRS ()52
3 S FE /NI D BRI HHT A2 8 | it 28 I 265 B0 0k A 25
B AT A T SR . /N AR e R R 20 B
O BN EA A R, HOHE AU RS A /D
U2 s R EACRT ik R, HL 3 AN W ACHT 1 1 A

i[]

o S/NEAEBAR L, i T MM E— i Rea i
JE R, NG, Hat B B 9 HL2E T Al
7 1 B RAP AR DRge AR

AR LA B3 B A SCHR T — b B T 252
T AN A R AU — 78 #4900 A 8 M 5%
AT RS AR R R IR 2 O B A DB R e
10 e 7 IR DB P IR 5 SRR X DB D AT
{55 BEAT SIS I3 A L XoF 43 Ak I 14 535 3 5 A /K
AR 72 T A s R 104 S T8 SIS T 5 i i 25 P I3 )
SN, SR FH -5 038 T 5 B4 00 I B AR
KA

1 ETMMBITRERGE

MM 2 Z HFRGAES A, 5 HAER 5
RS AR 5 R E IR SE ", MM Ak L
AL R UE R RE , AT LU S 38 0] LA ]
i mm Ay o B E K, JF B,
TF—Ps S IR & DA S S5 S5 OC RN

WA (n), 85870 %K g (n) 255 LA
E Ik H=10,1,2,- N = 1} Fl & XK G =
{0,1,2, M = 1} {)—2e B HRE N M R BEARAS
B N=M,

Ji ke Sy

(fOg)(n)=min{f(n+m)=g(m)y (1)

K e

(f®g)(n)=max{f(n-m)=-g(m)} (2)
K. O FRFMGEZEE; © FREIKIZE ;n Mm B
U 300 & T U3k H LG N

AN B Re va oy e il - S i Sl R L
JeE RERKOR T2 5, Se R T U= s 5

FHEHE LR

(fog)(n)=[(fOg)®g](n) (3)

Wiz B Ul

(f-&)n)=[(fOg)Dg](n) (4)
Ko FoRFFIEH - iz,
Fr-HiEHH G N
Foo(f(n))=(f°g-g)(n) (5)
H-TFHa B4 AR
Foo(f(n))=(f-g°g)(n) (6)
TR PP RCR A G is B A O, T H 5

79



5514 (B4 3254

L g ) HA

2024 55 12

PR ZSICRA K. (R RG X T — i
i fR o I R A5 TR B

LR R R R A R A A 2 7 A 1] A S
el i, (H2 M TESWAEREN, T2
T TG 5 R W P Sk B9, B LA A ZE0] g
AT S S AT DR DAL B . 2T IT A 58 m] 43 Sl
DEBRAT IR 5 Hh Ao e L CIE Jk e ) M P IR A (FAU Bk
o) RS B A P 0 3 7S B A AR BB SR BT LA
R HIIT IS 53 A 9B 45 A sk B R H A

2 1TIRHRENTTIE

3 20 B S = A RS L R A T 4 A B AT A )
TE AT S R A TR . T SR R R AR R Y = A
HL AT I B A i AU AT AL
AU=U, - U, (7)
KU, U, 530 R 5 I — B[] P R e R B
A R — B Bst ) P FEL S
Al=1, -1, (8)
e 1, 1, 3 ) R A e — B () P R 3 R T
AF R — B B[R] A FL L
HT = A IR Z B ER SR . 7%
XA 2 A L R T A S AT AR . Clark 224
AT LGS — H .

T
0:3% 1 —1 (9)
1 1 1
Uy, = Q%X AU (10)
I, =QxAI (11)

K. Q 2 Clark 23K B ; Uy 7845 1Y — AL T

LB (B P 5 1 7R 46 J = P DA (e
A 28 AR 46 J5 R —RH H R FRL 3 2 ) S TR B T A

HYEM . BEITEIEMATH u, 5 RI01TH u,

u=05(U, +1,x7) (12)
u,=05U, -1,XZ) (13)
7= |k (14)

¢,

A Z LB P EDT; U, L, 735008 UL AR
S RV AN il -3 S DTS g2 | o S 2

3 ETFTHHTWTRIRA T E
HHT A2 #3220 25 73 i 7R AR s e

80

PIRRAF 2 S —W M E R A5 5 i A TE
AN T B 1] B A B A B — Y [ AR S e R
(intrinsic mode function, IMF) , 28 — 3B X 40t ) 1Y)
IMF 73 5 547 A sRAR e AL 4, 45 3032055 X0 17 1)
HTURFPE I 28, SR 05 20 B At IR ) 032 R (B 2 R 1Y)
KA.
3.1 ZRGEETHE

LIRS I AR TR AR 5 i L 21> IMF
oy BRI R , R S A IR R A S s A
HEEAR AL

e E IR AT AR 5 X (0) BB ORAE 5 /)
{8, B =R FE SR R B TG 15 38 E R
X (1) KXo (1) SR SRIBCFIE S (1),

Si(0)= (X (1) + X, (1)) (15)

Wi(e)=X(1)=S,(¢) (16)

A FORmEE] s W, () S a5 5 SR F
P2,

W W () 3 2 IMF 2385 1Y PS54, 0 W (1)
R —AS IMF 435 5 25 R 2 IMF 1 AN 45, ) R
UL B ER W R IMF A SR IMF 53
o, TEREFTH A IMF 435 Cun (1), TR 2
Tt (1),
ri(t)=X(t) = Cyp (1) (17)
X (0) WS IR EE (15— (17) PR,
BB AR5 TR, 5 A3 8 kS IMF 435
M—DF o de . (0), P, AT 05 X (¢) AT 3R
NN
X(1)= Y Co (1) + 1, (1) (18)
A Co (8) TR i A IMF 4348
3.2 FHIRAHTR
XA BB IMF 23 8 3517 A s AR AR A8 e, A8
1 = Cri( 6
=[5
R (1) A A IMF 438 2 A R AR RR AR 3 0 1Y)
1858 A AR 2 8 b 556 i A IMF 43 it i 47 5 7
B 5 (1) 16 A BV st A IS R AiE . e 45 %)
LR RS
Z.(t)= Cpu(t)+jh.(t)=A, ()" (20)
K. Z:(0) 5 i A IMF 3t b5 5 M 2 BER B TE
254, (1) R4 i A IMF S AT 55 R BRI AR I 1

ds (19)




SRR, &5 TR B 5

IR AR — B A 80 A 2 B 3 B 0 B D5 YA T

0.(¢) A% i A~ IMF S0 e HT (55 BRI ASR AR

A5 B s — AR ok, (0O) BUAAR /D,
FRLATT AZ AR, e R4 IR A e m 45 311
JRARTTIAR 5 X (0) P75 SR AR RS by

H(w,t)=ReY ' A(t)e"" (21)

K 0 R Re FRNHENE S Z. (1) BUIZHS

HRYE LA L4087, JE LR AT A5 5 20 fff o 24 IMF
Sy — AR, T E A E A RS IMF
RE T IG5 MR AER 3, BT L IMEFL 1 R A %2
TR HHT 2 A 0oy . PR ESEE T
R TR A B RS R T s
i, PR, IMIFL (4 9 B 00 38 3 R B 2 £ 5 1 28 A48
A SEAERT IMFL ST 2 R AR R AR AR 8 A R AR
T AT A Sk 2 7RIl 2 rh SR B R AR S AR A
DRI 3] 28 o A 8, B0 ) i 5 3 Sk S B ]

4 5iRE T K B w1 T ik U BE

A% 258 XS i £ I I P 3 ok ) A g 30 K e e
PR i 10 2 IS IF) 22, SR I 45 6 i LA K T A
I 22 B P B S B 6 MR A =y

v o lx t, = t,
2 L+V

FH s X Ay W) 38 S e S AR S 5, o, ) h D
S B WG TR P ) 5 2 Ay TR T 2 2 ] )
FEES VAT I

SR, PREE R B S 25 AR 2 X i 7 A
SO, SR A5 AT I BE A Sk T RXEY . B (22) F]
R, R T R S T ok B S, B BRAS B VR TS
IR TE S WU A 7 B, FL T BEAN I 1 s

(22)

M E N
4 ::, "‘; T i
PR R

B1 5T 5 py Wik il 26 R 3
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ranging principle
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Fig.3 Simulation model diagram of 110 kV transmission line
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traveling—wave filtering

82

B 5 XA TR 5 21T HHT 2840 24T IR 5 4
B L 25 0 il R R PR N 5 B TR AR A% A
IMF 73 5 #8378 1A ) Z0 BB e o el T2 —
AN IMF 73 fi BE R BRSO 5 1) T A5 15 8L L i
B U — A IMF 203 AT 70 A7 o % d e 0 23 119
IMF1 2875 R AR R 2 5 B A 2K AR RS AN P 6 BT
A7 ) Sk A P B R e O A A SRR A A7
BRIV A A R ke A I 1]

300

—IMF1 —IMF2
200 \\\\ IMF3 —IMF4
~ 100
Z 9
g
-100
-200
-300 , : : : :
0 0.0105 0.0110 0.0115 0.0120 0.1125
M al/s
E5 IMFAEE
Fig.5 IMF component charts
2
|
N1 | |
T oAl Al |
§_ 0 Zhma'aS AN A —‘U/\ J
| | ) )

0.01 0.0105 0.0110 0.0115 0.0120 0.1125
1) /s

El6 #HREFHEE
Fig.6 Hilbert spectrum

M 6 R B 548 5, MR SR 4 799 00 Y A
Pk BRI ] o 255 D5 AR S 1, S0l 3ok
FHES &5 DA S — Bk M B R 22, 45 Rk 2
FioR

x2 BETHTAREEHMELR
Table 2 Ranging results with different algorithms

under noise interference

R SSi R % /m
SETE AT 43
HHT HA T4k 6.0
MM HA T4k 8.2

MNFE 2 Rl L, 2 2R B A A TP, MM R



HRAKAR, 55 BT RAIE B 5 R

4
F—

T

ZX

S 2 R B 7 Y5

HHT %5 & 19 5503 00 B 1% 25 O 4.3 m AR 00 R A
HHT 83 5 MM 8 i 5803 i DU B 352 22 43 91 8 6m A1
82 mo XTLLAIHN, MAFTE PO, R B — I PR 5
AR ZEY R TG MR, H2RAH MM 5 HHT
254 BRI A R 25 K5 R 0.086%0.

6 it

LR A R T T B P 2 2 [l R T (MR AR 4
S5 3 R RS, S B | DR A e o o LA
R R S o AR LE TR BT R, A I R 5 ik
SRAN 32 ik 5 F L 97 R O S R LR IS
YU Bk B0 IR I 1) 5 % i 22 A S i 5 iR 2 o 4
AT I A A PRI M, AR T 78 2 TR R o R, ST
e T BRI S 5 A R AR - B A A 5 H
ANSZ S A X A 7 I Rk D BLAE R R
JIT B 2455 0 B 3 L B — 0 B R A R L
WE T I E R A AT

S0k

(1] THESC, 3k BOIL, 56 00 15 50T B TC s R FE G BE R R
R 0 AL T P LD ] IR L TR, 2023, 50(2) - 7-13.
YU Danwen, ZHANG Yan, DUAN Fukai, et al. Quantification
method of key factors of power loss in distribution network with
high penetration of renewables and power electronics [ ] ].Shandong
Electric Power,2023,50(2) :7-13.

(2] B4V, IS0, 200, 45 BT 20 Dk A 1 im0 il i
M AR M B L) ]. v P53 R TR, 2022, 38(9) : 98104
LIAO Mingyang, ZHANG Wen, YUAN Hai, et al. A fault location
method for HVDC grounding pole line using multi-pulse injection
method[ J ].Power System and Clean Energy,2022,38(9):98-104.

(3] XUtH R, PNHAR sk ak 5, 45 B TAELRZe 240 BT ) B I 4 A 2
W05 BT LT ] AR 4R, 2023,50(7) :37-43.
LIU Shichao, SUN Qizhen, ZHANG Jiyong, et al. Simulation
analysis of DC commutation failure cases based on online security
analysis| J ].Shandong Electric Power,2023,50(7) :37-43.

(4] PR, BOWINE Wt e . Bk T 20 4tk A BELE v TR L 1 3 I 5 o7
R[] I RGP S5, 2023,51(6) :54-62.
QI Zheng, HUANG Zhaohui, CHEN Yanbo. Impedance fault
location technology for a distribution network based on a zero—
sequence component [J]. Power System Protection and Control,
2023,51(6):54-62.

[5] XBZEF, JS46F AR, 5 T X0 AR 7] 25 B0t 1 1R A 42 B
BBy EE L) LRI R, 2021,45(4) £ 1574-1580.
DENG Wenling, LU Jiping, SHI Jiawei, et al. A fault location

method for hybrid lines based on two—terminal asynchronous data

[13]

[J].Power System Technology ,2021,45(4) : 1574~1580.
ZRBR S, SR T B S i AR o RS TR B R A b
W L) ], H ) R Gefdr 53], 2020,48(6) :27-33.
LI Yue, ZHENG Tao, WEN An.A new location method for UHV
AC transmission lines with high resistance faults based on single
terminal volume/[ J |.Power System Protection and Control , 2020, 48
(6):27-33.
PN BH L BERR, A5 R i s LA i P G B T O A IR I
SENITEDISEL . I RGP 515, 2020,48(14) : 113-120.
SUN Guang, WANG Yang, XUE Feng, et al. Research on an
improved double—terminal traveling wave fault location method for
UHVDC project[ ] ].Power System Protection and Control 2020, 48
(14):113-120.

WA, AT, XM, 45 . L 420 s 2R A LR AT D e
DN REATTTELT ] AR, 2020, 44(9) :3540-3546.
XING Zhijie, TIAN Xingjun, LIU Yuxi, et al.Research of traveling
wave fault location algorithm for the overhead line—cable hybrid
line[ J ].Power System Technology,2020,44(9) : 3540-3546.
A . TC 0 2R A T I BE B R SE (D ). W g« B R
2023.
R X, R A RE T AT IR i A L R R SE L
Jr L) R SR SR, 2023, 38(2) 1 179-185.
LI Chengxin, LIU Guowei, YU Cong, et al. A fault location method
for high—voltage transmission lines based on traveling wave [J].
Journal of Electric Power Science and Technology, 2023,38(2) :
179-185.
TR B TAT USRS LR R S L WFFE (D O < A
IKFK LR, 2023.
(R R = I S e S N e b E A e R
AR BRI B (] O R g S, 2021, 49(10)
105-112.
TAO Caixia, DU Xue, GAO Fengyang, et al. Single-phase to
ground fault location of hybrid transmission lines based on
empirical wavelet transform [J]. Power System Protection and
Control ,2021,49(10) : 105-112.
PR il 4 fik, SR U0 . — i T Hilbert—Huang 25 e ) H1 g
HL 28 RN BE D7 VR [T i s R e S, 2017, 45(3)
20-25.
LIAO Xiaohui, ZHAO Xiaojian, LIANG Hengna. A power cable
fault location method based on Hilbert—-Huang transform [ J ]. Power
System Protection and Control ,2017,45(3) :20-25.
PRI, R IR, R A%, A5 BT /N B 25 R CEEMID 1
B v LU PR B RN BE (D] T R R S
2022,50(3):29-40.
GAO Shuping, XU Zhenxi, SONG Guobing, et al.Fault location of
hybrid three —terminal HVDC transmission lines based on wavelet
threshold denoising and CEEMD[ J |. Power System Protection and
Control ,2022,50(3) : 29-40. (F4%91 1)

83



Wb & DB A

51 (RS 325 1)

SHANDONG ELECTRIC POWER

2024 455 12 4]

DOI:10.20097/j.cnki.issn1007-9904.2024.12.011

. N » S oo »
He o TE PR ) IN 4% RO IR 8 o0 B 5 1L WESE
oA, AE EHEL S R, R T
(LEMLEAEEE SN B ARZHRRE, LA Fd 250003;2. BF.LA LS HAE LA Fd 250001)
TR % TIESING S TS TR RO, S 4 b, X4 7 R0 AT 95 4 Bh T4 2 7K 0
BTSN S5 e o SO I X 48 2% T-IEA T ELI DN 45 S50, AR IBGE 2280 R IR ARG IR o 36T T 3E , R ek
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Investigation of Approach to Analyze the Tracking Property

After Flashover Based on Fractal Theory
SHI Wei'",SUN Jingwen!', REN Jingguo?, QTAO Mu?, GE Ning?
(1.State Grid Shandong Electric Power Company Research Institute , Jinan 250003 , China;
2.State Grid Shandong Electric Power Company , Jinan 250001, China)

Abstract: Successive flashover would result in carbonized tracking on the insulator surface and cause deterioration to the
insulation. Thus, investigating the tracking can be beneficial in understanding flashover characteristics during long—term
operations.In this paper, the DC flashover was operated on the insulator, and the image of the track was captured after successive
discharges. An improved differential box—counting method (IDBCM )was applied to analyze these images based on fractal theory.
Weighted items were suggested during the counting procedure for rectangle images with margins covered by cut—size boxes.lIt is
claimed that the suggested method could estimate the discharge propagation property and deterioration characteristics on the
insulator surface. Moreover, IDBCM showed advantages in image pre—processing and deterioration properties revealed compared
to the traditional box—counting method attributing to the consideration of color depth. This image analysis method shows
universality in dealing with tracking images.It can provide additional information for flashover voltage , including flashover time,
voltage size, operating conditions, etc.This paper suggested a potential approach for the investigation of the discharge mechanism
and corresponding deterioration in future research.

Keywords:fractal dimension;flashover;differential box—counting method ; epoxy resin
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