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Risk Assessment on Induced Lightning Flashover
of Distribution Network Based on Geography Information

Lei Xiao', Chen Mengjun®, Liu Xiaojiang', Liao Wenlong', Liu Qiang'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Zigong Electric Power Supply Company, Zigong 613000, Sichuan, China)

Abstract ; Induced lightning overvoltage is the main reason for the tripping and shutdownn of 10 kV distribution network. Inor-
der to assess the risk,the electromagnetic transient simulation model of induced lightning overvoltage is established firstly. The
influences of lightning distance, lightning current amplitude and soil resistivity on the overvoltage amplitude are analyzed, and
a simplified calculation method for induced lightning overvoltage amplitude is proposed. And then, according to the tower coor-
dinates, soil resistivity and probability density of lightning current amplitude of transmission and distribution lines, the calcula-
tion model for lightning flashover probability of distribution network tower is established. Finally, the risk assessment model of
induced lightning flashover is constructed combined with the lightning density.

Key words: geography information; distribution network; induced lightning overvoltage; risk assessment
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Research on Grounding State Estimation and Risk
Classification of Transmission Line Towers

Qiu Xuan,Peng Honggang, Wang Mulang, Xu Yan
( Guangzhou Electric Power Supply Co. , Lid. , Guangzhou 510000 , Guangdong , China)

Abstract:; A method for state estimation and risk classification of tower grounding devices is presented. Based on the grounding
parameters of poles and towers in transmission line, that is, the measured value of grounding resistance and the design value of
grounding resistance, the intermediate parameter is introduced, that is, ¢ (the deviation rate of grounding resistance of tower
from the design requirement) and vy ( the rate of change of the measured value of grounding resistance). The statistical method
with the aid of quartile method evaluates the status of tower grounding device, and divides the entire towers of transmission line
into five levels of ABCDE according to the degree of risk. Under the premise of a large amount of data accumulated on tower
grounding parameters of transmission line, and based on the expectation — maximization ( EM) algorithm, the distribution rule
of tower grounding parameters with time is predicted, and the risk classification of tower grounding device is corrected by the
predicted parameters before the measurement of tower grounding parameters.

Key words: grounding parameters; state estimation; risk classification; quartile method; maximum expectation algorithm
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Study on Structure Innovation Measures for Transmission
Line in Steep Mountains with High Altitude and Heavy Icing

Gu Liangyu', Jiang Rui', Gan Yunliang®, Zhai Hongli*,Chen Junfan', Wang Shenfu', Wang Bo'
(1. CPECC Southwest Electric Power Design Institute Co. , Ltd. ,Chengdu 610021 ,Sichuan, China;
2. EHV Power Transmission Company of China Southern Power Grid Co. , Lid. ,
Guangzhou 510663, Guangdong, China)

Abstract ; Aimed at steep mountains with high altitude and heavy icing, the transmission line has some special problems, such
as heavy load of earth wire, steep terrain, large size of tower, lack of tower legs, large amount of foundation project quantity
and low efficiency of conventional construction methods. Combined with the rich experiences in engineering design, and from
the comprehensive consideration of economy, reliability, feasibility and environmental protection in the full cycle, the struc-
ture innovation measures of transmission line are put forward, including three kinds of steel to extend the leg, three kinds of
new tower type and two kinds of new foundation type.

Key words: high altitude; heavy icing; steep mountains; transmission line; tower; foundation
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Research on Overvoltage and Insulation Coordination for Converter
Station of +30 KV Flexible DC Transmission Project in Dali of Yunnan

Chen Zhuo, Jiang Aiting, Liang Yabo, Xia Xue
( CPECC Southwest Electric Power Design Institute Co. , Ltd. , Chengdu 610021, Sichuan, China )

Abstract:In order to decide the insulation level of the equipment in converter station of = 30 kV flexible low voltage DC
transmission project reasonably and configure the lightning arresters, based on + 30 kV flexible DC project of Dali photovoltaic
boost in Yunnan, the transient overvoltage of converter station is calculated with PSCAD / EMTDC. According to the calcula-
tion results, the insulation coordination is studied. The research results have a significance on guiding the type selection and
manufacturing of converter station equipment, and also provide a reference for the construction of flexible low voltage direct
transmission project.

Key words:flexible low voltage DC transmission; +30 kV; converter station; overvoltage calculation; insulation coordination
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Analysis on A Tripping Accident of 110 KV Duble - circuit Lines
on the Same Tower due to Wind Dancing

Ma Xiaojun, Shao Yonghao
( State Grid Ningxia Maintenance Company, Yinchuan 750011, Ningxia, Chian)
Abstract: A tripping accident of 110 kV double — circuit lines with permanent fault caused by wind dancing is analyzed and
summarized from the aspects of fault phenomena, recording information and protection behavior, and the corresponding meas-

ures are put forward, which will improve the efficiency of accident handling for operation and maintenance personnel.
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Influence of Soil Heterogeneity on Corrosion Behavior
of X70 Steel in Simulated Direct Current Electric Field

Tian Qiangian', Wang Zhigao', Ding De’, Lan Xinsheng', Wu Jian®, Geng Zhi', Bai Xiaochun’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Shaanxi Electric Power Research Institute, Xi’an 710100, Shaanxi, China)

Abstract : The corrosion behavior of X70 steel is studied through the simulation of DC electric field, which is buried around the
ultra high voltage direct current (UHVDC) grounding electrode of Fulong +800 kV converter station in Yibin of Sichuan prov-
ince. The results indicates that the soil property has a significant impact on the corrosion behavior of X70 steel. The corrosion
rate of X70 steel is accelerated in the acid soil, and in different soil environments, the corrosion rate of X70 steel is ranked in
the order, that is, acid soil > neutral soil > alkaline soil. Besides, higher content of the salt in the soil will increase the corro-
sion rate of X70 steel. This study will provide important references for assessing the corrosion influence of the underground me-
tallic facilities near UHVDC grounding electrodes, and especially be helpful for the site selection of the grounding electrode for
new UHVDC transmission projects.

Key words :direct current grounding electrode; soil property; X70 steel; corrosion behavior
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4 0.6 mx0.6 m, NIAHLETREE 3.5 m, R A3
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£ 50 mL @ BUBE AR o A 20 mL 81K, 1R
e S H A RSl 1 min, i R3S EOT . BUE
30 min ff P, HRH I R A SO R = B R
2. ¥ pH AR N b IR sh, bEs
HH R AR A BRI W 2T pH I E , Ko Bh
PN BRI AT ARG R
1.2.3 X3 &EF s

- A5 B T AR UK £ HCA 121 ) £
SR IE A 100 mL, 1 FHES 43 3R A 1CS - 2100
B 6, 7% ¢ Ton Chromatography ( Thermo Fisher
Scientific Inc. ) F1 iCAP 7000 255+ % S161E4Y 1ICP
— OES (Thermo Fisher Scientific Inc. ) #E47 55 K H:
B,

T X0 HELRMLERSD

TTEXFR Fe C Si Mn P S HAth 5o E (Nb, V,Ti, Mo)
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1.3 BeZEuil

Ak 526 2R ] CS350 AU it Ak 2% T AE 3 Elec-
trochemical Workstation ( Wuhan Corrtest Instruments
Corp. , Lad. ) 77 = HUbE (kR . 1 = LB I
PSP E —> 5 mV R3S | TE G A B 500 mm,
FHUARE 0L B 42 s i 0 oo 37, AR ARy
10 mm x 10 mm [ X70 558 B2 4 44N, i Bl i
L, Z AR AR AT H Rk il (SCE) o A fkith
2 zifu AN 1 mV/s, S350 Fl B & AR XS T
H B AL +300 mV (AHXSFFBEHLAL) o FELAKZERH
PUIE A5 25 o 0. 05 Hz ~ 100 kHz, Jir 5 SE4%
B3 K = 11 RGP AT .
2 SEEHSR
2.1 AR
2 2 7R AU SE BT FH - 8 BRAL I 5 3 A

5. G2 Pl LI, S Fh b RE i 00 3L 1
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S4 S-S rpk 3, S2 5 A S35 9 S i BB 1k
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2.2 thiLHZk

2 9 X70 LA TR IR P A Al £k . XT70
FATEA 7] L 3 v A A Ak S IR AR AR B, 72 A T
(LG ERAD O R A N E R f e = S L)
{37 T T ik R B AR A L7 T g , BHAR
FEL YL 0 DR, B R T8 A s 17 A i s 8 AT
Tt A HE B SR, XT0 53 THT 114 F AW 925 At B 1oL 52
FURHLAT, 68 Ths A ARG o SR 3 AR 2K il 23 1 1 iy
AT AR LS A5 R IR 3

3 R LA, 5 pH EXS XT70 84 JE
i AR B IR R R X705 A JE il e
Fp R, v e R XT70 19 4 T et AR X T
PR XT70 SR s AR iR 3 PRI AL
FEL YL 20 R RIS okt 3] L, = 98 0 T el e v DR 3000
KK AS5 > S1 >S4 > 82 > 83 XTOMAE ) K

R2 ARTEHREAMER

Far I X5t H Sl S2 S3 S4 S5
pH 7.07 8.00 7.61 7.04 6.31
AP /(mg - L7Y) 6.30 569.00 — 2.50 —
Cu’*/(mg - L") 6.90 — — 1.70 —
Fe’*/(mg - L") 622.30 89. 50 117.00 325.60 352. 60
Ca’*/(mg-L7") 11.39 41.01 26.20 9.59 3.98
Mg**/(mg - L") 1.81 6.83 4.37 2.36 1.08
K*/(mg-L™") 0.45 0.38 0.15 0.16 0.12
Na*/(mg - L") 3.41 1.47 0.89 0.45 0.10
Cl /(mg- L") 9.85 4.09 3.02 2.37 2.12
S0, /(mg - L") 12.00 76. 86 71.06 22.35 2.28
MAEHE/ (mg - L) 674.41 789. 14 222.69 367.08 362.28
T —" AR
£3 X0 RNERELFERAMULMEUESEH
g E,/V i/ (MA + cm™?) Ba/V ! Be/V™! Ba/Be M/ (mm - a™h)
sl -0.780 5.197 x10°° 8. 484 4.636 1.83 0.239
S2 -0.778 2.553 x10°° 12.575 4.401 2.86 0.117
S3 -0.826 2.061 x10°° 10.261 6.523 1.57 0.095
S4 -0.775 4.287 x10°° 9.786 3.856 2.58 0.197
S5 -0.782 7.221 x10°° 7.149 4.598 1.55 0.331
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TS R, R, C, C, R,

S1 201.00 443.00 0.000 241 45 0.642 03 2 392.00
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S3 81.68 255.60 0. 000 202 92 0.708 58 8 711.00
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Research and Application of FAHP Model Based on Entropy Weight
Theory in Evaluation of Urban Distribution Network Construction

Yu Guokang', Yu Jin', Gao Guiliang', Yu Zhongping', Xiang Long”, Li Yongqing’
(1. State Grid Xingjiang Economic Research Institute, Urumqi 830002, Xingjiang, China;
2. Lanzhou University of Technology, Lanzhou 730050, Gansu, China;

3. State Grid Baiyin Electric Power Supply Company, Baiyin 730900, Gansu, China)

Abstract: With the continuous increase of loads and lines, urban distribution networks are facing many production pressures
and equipment problems. Power grid companies often implement urban distribution automation systems to solve these prob-
lems. However, due to the complex operation indicators of their construction projects, it is difficult to give the judgment result
accurately by general evaluation methods. Aiming at this problem, a fuzzy hierarchical project comprehensive evaluation model
based on entropy weight theory is proposed. Through the application of the evaluation model in specific power grids, its feasi-
bility and effectiveness have been verified, and it can provide effective evaluation methods and decision — making references for
actual distribution network project construction.

Key words : distribution automation; evaluation; entropy weight theory; fuzzy hierarchy evaluation
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Analysis and Pilot Construction of Grounding Line Selection
Tripping Technology in Small — current Grounding System

Zhou Lan, Shang Chao
(State Grid Shinan Electric Power Supply Branch of Chongging Electric
Power Company, Chongqing 601336, China)

Abstract:; Due to the increase of cable lines in small — current grounding distribution systems currently, traditional neutral
point grounding modes and manual pulling method now is difficult to meet the security requirements of modern urban power
grid. The action logic, main advantages and disadvantages of five kinds of grounding line selection tripping schemes are sorted
ou, that is, parallel small resistance line selection, parallel medium resistance line selection, active intervention of arc extine-
tion, distributed line selection and centralized line selection. Through the actual data and operation experiences of a electric
power company, the centralized single — phase grounding line selection tripping scheme is recommended if the electrical equip-
ment is already in operation, and the distributed single — phase grounding line selection tripping scheme can be selected if the
equipment has not been put into operation.

Key words :small — current grounding system; grounding line selection tripping; distributed grounding line selection; central-

ized grounding line selection
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Derivation of Bridge Differential Current Protection Formula under
Breakdown Fault of Capacitor Bank with Single Star Connection

Hu Dewen', Li Zicheng’, Lin Ceng’, Cai Xinyao’
(1. State Grid Sichuan Maintenance Company, Chengdu 610041, Sichuan, China;
2. College of Engineering and Technology, Chengdu University of Technology,
Leshan 614099, Sichuan, China)

Abstract: When the internal components of capacitor break down, the capacitance of capacitor bank will change accordingly,
which will lead to the deviation of neutral point voltage and the generation of unbalanced current. Firstly, the calculation for-
mula of bridge differential protection of compensation capacitor bank in power system is deduced, and the single star connec-
tion form of capacitor bank is sorted out. And then, the Simulink simulation model is established by Matlab with examples,

and the operation of capacitor banks under different breakdown rates is simulated and analyzed. Finally, the derived formula is

F44E F1IH

verified by simulation data.

Key words : capacitor bank; bridge differential current; fault rate; external fuse; fault capacitor
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Summary of Fusing Algorithm Research in Estimation
for State of Charge of Battery
Wang Xiaohui', Zheng Chao®, Dai Ming', Xiao Wei', Chen Xing'

(1. State Grid Xuzhou Electric Power Supply Company, Xuzhou 221000, Jiangsu, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Zhang Siyi',

Abstract ; The state of charge (SOC) of battery is one of the important parameters in battery management system ( BMS). Ac-
curate estimation of SOC is of great significance for production and operation. Firstly, the definition of SOC is explained. Sec-
ondly, the shortcomings of traditional single SOC estimation method are analyzed, and then, the research progress of SOC fu-
sion estimation methods for battery in recent years, including neural network, Kalman filter and synthesis method, is dis-
cussed, and the advantages and disadvantages of each method are analyzed. Finally, the summary and prospect are given. It
is proposed to make full use of data mining and deep learning technology and use the historical data recorded by BMS to esti-
mate the SOC of battery, which is helpful to improve the calculation accuracy and application range.

Key words: battery; state of charge(SOC) ; fusion algorithm

T IBATHEY A B BB B S I e I B R P
o Hi Wb & P £ 4% ( battery management
system , BMS) {5 Bk HL U A8 5%, J2 HL ML 5 ] P 22 1) Y
o AP AT A R A B R A
BMS SRR HL M R 48 1Y S8 I iz A7 580 , I HAR S i
< (state of charge,SOC) |
DR A RS A RS, b far A RS Al 3
e =P R P oo
F e ExT SOC BRI Bk T T R BRI >
WIS —SE AR H R AR TR N FH 7 THIATI A7 A )
SOC ZEH b I B REZENSHZ —, &

5l F J F B —

& L L — R T A RE A
BEAh, & R

Ay, HA HERG W

FrvPAd, EBEAE - oy AR S
4 T B L L L, PRAIE L 22 A T RE Y IB 47 X R T
(A2 el 2 {H T 22 2 A A R
U, SRR N AT — e R . S R
FELLT 3 i B4 77 30N 3 B M AR ME A 2 U0 73

J& BMS BFFEBIAZ o FIME



44 B AR

F44 %

2 30 Fi M PN RS FL A 2 SO L AN PR R A R Y
SO, RIS TS HL AR A PR B2 | F Tt N B
ZALSE . BHTE st SOC £l F 7 vk F A T
Feik AR A N 45 kR JR = R I DA X
A, NN _ LRI R BEAT VR BT, 045 T
SR,

1 Hijt SOC [y X

SOC Hi HL it A fr FIR 2, 2 — A>T o 29 A9 AR {
T, A B A AT R BE B AR S8 R A T R A R A
WIUE HUAT 25 5 0 U, BRI AR At/ e A

S(1) = ’j}—” (1)
e S(0) WRTHARAS (I E () T4 b residu-

P =)

al capacity) ; E, , N&iE A & (tatal capacity) o
2 B SOCAHEIIERA R

HSCHTFEAE Y, & A A L Bl 3 U () 5 H AT
IREBYIHAL " BRI (2) iR
S(r) = F(U(t)) (2)
22y SOC AT R LN BUNE 1
MY P AR I AR TR0, e o vl b e v o
R TR, AR LAY SOC Sy

ftn(t)l(t)dt

S(t) =8, - = o (3)

e So FoIta G AR 5 (0) SRR AR Ol
B, () =1; 7LHAF,n(t) =0.98 ~0.99) ,

O i i R VA R AR A, (R 5 20 F B R i)
T RS, B A AR R

TNBUNERIRZERITA 1) BFCREERZE,
EEJE AR AR ORI 2) A A R T
B 2E , BRI A PR BT IR | v ) AR R
T B LA R LA R ) R SR 2 R M I R
A ;3) SOC B2z, RIWILh SOC MG i A
Fedig#s SOC 5 g vh Jo ik G A U R 22

3 il SOC fH ik

3.1 FIREBIRBKE
X LT 5, 32 R R S O E AT LAY

SOC i, J& 24 N —Fp EL i R W98 Jr il o BT
A 105 11 R b, B AR R SR T A% 0 < L Y T R
Z I B AR | b — s 220 % T AL LA % ) A A AR [ a5
Z AR RS T 2 . KRR E T,
THEE RS TR, I Bk R iR 22 M 77
SCHR18 =26 | 34938 1k A 37 SR S B 32 R /R
SR A E B SOC, A, B E X LGk
IREUE W AT, BB T YRR R = 8K
BT PR TS R, KRR SRk
() VRS 5 ) S P L e S T8 %) o A R R A A OG
TR,

R 2 Y U A T E O U B AR R B A 1
L, %5 SOC B A ZE KA 1Ry, {HXF FL A5 78 1) 6
BURIR S
3.2 MEMLKE

PLAESR , Bl SOC A58 ik sl A T A
TR, R WK Y2 BP (back propagation ) #if
ZE 4, HRAS TR S e E R S ) SRR AR B
P b 3L, PR A AR B4 ) 2 BRI Ak B S, X R
AR B 1 BB S5 #4 J0 T O A 5T, B R4S
iz 17 Y SOC fH .

W b 28 I 46 SR T L . SOC Ak B8, iU o
B, I AL AR G T B, 3 S0 0 L B, Sk [ 30
=31 R EAEA AR, A A DA B T Y g
MU U(e) FeicB 1) BREFNBE R (1) JREE T(1)
Feg RS S(0) SR )5 FIH RBF 1 2 o 45 A5 760 5 1)
SOC, R B2 e var , {H S 46 v R Ok JAR, S AN
TG

Ity —»
Ve —

—— s0c(t)

Tt —

B #MEmMEHE SOC
SCHR[32 ] Sk A AT LIBSVM SZHf) 4L,
S5 SLI AR, S T E B A SOC T AR
B S A5 R A8 0T L T R BP M
4% SCHK[33 )52 1 5 T B R A 2503l 1 HL b
SOC HLFINTE o BRI T RAL AR B3R =



]

EBRE, RS EEESERM SOC HE PN LR 45

B, ORI Dy s B R T SOC YN R g R A
7 ] 1 #L ( support vector machine, SVM ) 3 47 4%
P B WY 2, Hop SVM Y et 2 50068 1 D1 -3 38
BRI, LB 45 R R WZ 7 A B Sk

SCHR[ 34 [ TEAL 58 BP B 28 [ 26 (%) Bl b m DAk
HE BRI TR T Sk AR R Y BP M2 2 1
il SOC 5307, Hofy B S 3 45 R R W, %007 1
P T ARG B, HA B St . T Matlab
PE, SCHR [ 35 ] it i BT LSTM i 28 I 4% 1, 1t
SOC AL RYEL AL 58 SOC AT 7 1% AN B vy, (H 2
TEA A, STk [36 — 41 ] 38 i e B i v
RSB B SE IiR T  ceREE S
ST AR AR SR Y SOC fH, [H)E, %5
P SR AR, HO e A R85 54 R
(ORI, AR Y B S ofeast e 2

PR AT IE LA T, A5 2RI 1Y SOC 41
18, (AR5 22K Y S B A I 25
3.3 ZEiE

B—RYITE ARG, SRS LRIk, n]
DA SOC fhFiag e 7,

SCHRL 43 1 HYSEER 25 R R, IR IR S ik 2
BTG R R 2 U AR A SRR T SOC Al v
FOMRRS St T AN B . SOk [ 44 ] 3L T & b Y
B A A T R 2 0 1o e/ ek
BRAE , SR M 22 9 44 L 7 T B HL S 1 SOC 22 1]
ARG SC R, feJm a8 3k 32 A A R Je R K 2
UEPAN TR SOC, SLam 25 g AR L T I R 2 08
¥ (extended Kalman filter, EKF) | JG i < /K = & I
(unscented Kalman filter, UKF ) 235 | % 7 45 B
JE R SCSIGH B

SCHR[45 175 77 24 i B AL B Bt B, 5T AT
7 15t s R - 1) 38 4 e /D 3k, s B UKF &
X L ) SOC HEAT AN S, S 1A SRS
SCHR[46 ] 44 % LML) Thevenin —[r RC S50
B RLS 12 ik 1 XK JK 2 38 I (improved  dual
extended Kalman filter, I — DEKF) &.y: 47 SOC £
B U T ARG A B BT R 22 5 AN S e R W]
Z55E b B RC 50 p BTN i iR/ —
3% (recursive least square, RLS) I it 3F Y] Sage —
Husa i1 %5 SOC Al 5 7 iy M A AT ] L 42
TAEEAREE L SCHR(48 ] R IR 3R AT Ml 28
£ F1 Huber — M Al 11845 R R 2 U8 I 516, A 4K

H RS T 2 FHith SOC Al 38 rh A7 78 (R I B i 22
SCHR[ 49 | FEAR S5 ey Wi B AR A A -, 5 A T K
- means BB 55 KW B (expectation maximi-
zation , EM) 5305 X A% GE B A 22 B0k AT HRT , S g 4G
R IRAZIT B WA SRS B O TR G e i A 1Rl A
T

SCHiR[50 JF % B s 1) SOC Al BB T —Fb
WARS S B B B BAR (EE F 755 e i — A
& T s Y 4

SCHRLST ] BT PR b4 53 B9 SRR 4 T v v
SOC %5, 454 R/R 2k Ik, 42 & 17 BMS h SOC
PSR R . SCHERL 52 J BTt 1 B Hic B0 I 5+
S50 VT Y A P A A A TR I 2 U
TR T R R 2R, (H 20 T RALA
B 2E AR EE M

SCHRES3 [t THIE IR SIS &, 42
tE TR I R RN A B B AR S B i IR N
U SR B i 3t SOC, i B v T 3 B4 T 4%
GEIFHRINAGA . FASEI B 5 H L S B AR ASEL
A 2200, AN L T

4 Z5 iE

XEFE M, T TR R IR FE T RS
Y E—Z8 8 U0 U(e) (1) BYTRIE R PR A2 i B
IMERIERR . MM ZER /R SUEPLRS £
AR AR e B A TR S — A T8k (A
Je R IR B U I A 28 ) 4535 32 BR T L e A L A ]
grgdls i LA E Ak . A A R Z
AR R PRI TR A S, £E LI SOC {5
FEHIN Y LR S BB L B, BMS HAEAE TR
R D S AE AT R, anep s I 4 T s R S BE 12
P AR BE 27 ~) S5 BORAR B 45 5 2 O, K 2 vl it
SOC A kAt

S 3k

(1] ZEK,ZWE, XIE. 3R BRI LR [ T]. iR
AR ,2017,41(3) :505 - 507.

(2] EMRE,RKE. HREEMEN RS K RLEIRT].
FL S AR ,2020,44(4) 1636 — 639.

[3] BEmEE I3, ph i de, %, B i B P R 55 = A 3
IRBFEAK R R H[T]. 15 7E T H#,2006,28 (10)



46 B AKA F44 B
961 —964. 44(3) :333 -336.

(4] Wmn, PG, 2R A 22 TP 2 4 il et se L BOR [21]  THG, AMWOt, sk 5. 56T A W & 25 7 2848
WFFEL)]. 5 {%Ek,2011,48(10) :77 - 79. RIS HOI R AR XL 7K 2 08 i B3 12 14 itk FE H Vil

[5] il ikzess, EXE. EHsi B SOC fh A HUIRSAG LT ] B 50K 5 T 1 ,2020,20(6)
TFLT]. B AR ,2012,45(12) 148 - 50. 2299 -2304.

[6] Z=jll, kbi#EIT, PMIT. & it SOC fE B EELRR [ T]. [22] “RESI,BEYF, RET . T AEKF (BRSO A
I 54938 ,2014,51(4) 18 - 22. it SOC Af31+[J]. L ,2020,50(1) ;50 - 53.

(7] A%k, 2. B3R 4 3h /i ik SOC i 507 i £ (23] E&, ERM WA, 5. TR R S0k 7 iR A
W], TR ,2013,37(9) 11686 — 1689. A SOC ATt J]. Ry A+ ,2020,32(1)

(8] Wb, MR, L1 2%. 3l 7 g it Aoy AR ZS AE 58 69 T A Ak 44 -53.

S3Hr[T]. Wit ,2020,50(2) ;187 — 190. [24] 0%, EER , R, 04 Ha A LY [ & R Sigma

(9] EWEMHRE, sk, 5. BYRR A b T 3% Fi i i ) FoREmABAREMA[T]. B TH AR ¥R, 2017,

L5 R R R [T]. ERERE % 5 5K, 32(2):108 - 118.
2018,7(1) :75 -79. [25] BUKE,ZE00, 25, % sl KRR Sk n R4 A

[10] RAEW, sE R, BRiE R 3T EMF 852088 # PR T L SOC ATk [T ] AR 42, 2016,
RS HL T SOC A3+ 1] . iy T 4R, 2008, 37(7) : 1441 - 1448.

41(10) :48 - 49. [26] FBAHEK, TEE,EMS,%. KT RRKSEMEEIER

(11] VHEAT A, XH K, A5 B2 T4 B I i 4 U iR R SOC AR [T]. 4 R, 2014,38(2)
E it SOC Al T]. BIEF A 2017 ,41(1) .68 - 70. 298 -302.

[12] KRBV, RE R, BRIE R T EMF 4530658 i [27]  sRE, B ¥, 4 £ 8, 5. TR RR 2B
Bk SOC i+ [T]. My 74Kk, 2008, SOCARFE S5 E LI ]. ML 7 T.72,2020,40(1)
42(10) ; 48 -49. 99 -102.

[13] John Chiasson, Baskar Vairamohan. Estimating the State (28] &3, Bk TP R-RIR S Uk o 5 87 | 3R
of Charge of A Battery [ J]. Transactions on Control Sys- TR SOC AR BRI ZE [ T]. @ 15 i IR B AR, 2020,
tems Technology ,2005,13(3) .465 —-470. 37(1) .44 - 45.

[14] Dennis Doerffel,Suleiman Abu Sharkh. A Critical Re — [29] XUFEMk, VLT, B R, 55 TV R-RR2EHEMR
view of Using the Peukert Equation for Determining the BT SOC Al i1 [ ], Ak %6 45 5 2240 T2,
Remaining Capacity of Lead — acid and Lithium - ion 2019,57(12) .97 -99.

Batteries[ J|]. Power Sources,2006,155(2) :395 —400. [30] BX%F, R, FE S, 45 BT BP fZ MK 1) SOC

[15] B3CoR, RFE K BRI, 5 JE T Btk 22 i B a3 1k Ak it SRR E AR () ] AL IRER 2014 ,38(5) ¢
TR T M4 SOCTT]. ALl A ,2018,42(2) 874 -877.

183 - 184. (1] SR, BXE IR, 26 Y 40, A58 T4 1) ik o MR 22 I 2%

[16]  TigI7 A58, RE Y, . Fe T L0k B A b L ENTR 423 g it SOC AR [ J ], PRI TR 272
SOC AR ZEMIEL ], B TH AR H,2012,27(6) - (A ARH) ,2011,25(10) :1 - 5.

12 - 18. [32]  BROL, APHE, SR8 B, 45 26 T LIBSVM [ f AR &

[17] % B FBRIAE, B0k, % T A & B 1N % n 45 LM AT R R S Al T [0 ] PR 4 R, 2020,44 (4)
SOC B Jr ik Foe [J]. 154 T2 ,2020,42(5) : 578 - 581.

681 - 687. [33] B, AR %. 5 THgRFEEIE R S A5

(18]  E&H, ATJTHE, RAKME, %5 JET SOC A5 A Tty SOC T Jy iEWFFE [T ]. 184 T#2,2020,42(3) .
HL YR ZE A HERT R D). AR TR ,2020,42.(4) 15 - 20. 367 -374.

[19] Daniil Fadeev, 7/NE , 518 45, JL TR < /R 25k [34] TFpdz, i, Toef. 3T GA - BP WL MR
e AR R iy P PR S S RS T (230 [T ] PR TR SOC Akt [ ], AL AR ,2020,44(3)
Journal of Measurement Science and Instrumentation, 337 -340.

2020,11(1) :63 - 69. [35] Bk &, 302, sy, 4. JEF LSTM i 48 W 45 1) 5l

[20] 2B, kBN, SR/, 2. B T RO CIE KR &2 Jye it SOC AGSEMEFE [T ], AL HI 5 #2020,

IR B A SOC 3t [T ]. IR A, 2020,

37(3) .78 -81. (F#%88 W)



2021 &£2 A

m R AR

Sichuan Electric Power Technology

F4E F1H

47

L/ U [R) 52 20 T FE, 00 e AR ) e 0 38 2 AL 3

WEFRE, K £,k 2, §EX, Fitk

L 148 ] g 2w L BRI 5E B , DU T BB 610041)

W OE A AR S E SR M ER RS SR R T — A/ B ALK T S R KX i
AR, oBed M ZAHREBITOH S, B A, R T X B WA EHE S 0 ARG St A
R RR ARSI L e X AR 09k ah L AT A ME T MR AEX T 5200 F 69 8o W 3% & e & 4
A BTN FAEREESERDFRNE S ERALSTEAE, MEELRBARERY L F0 AL @idss
Dijkstra fo i A 4 & Hok % T TR AABER G KB ER A MR T %, &G, IEEE 33 - Bus o L LR R %4
%) Bl T PRI K M B A A 0 B A A,

SE4RIA] « TC P O 5 AR A 5 S A TR R e &R

RESES . TM726 STERIRE:A X4 S:1003 —6954(2021)01 - 0047 - 06

DOI;10. 16527/]. issn. 1003 — 6954. 20210111

Theoretical Optimal Models for Fault Line Inspection in Distribution
Network via Single/Dual Cooperative Modes

Su Xueneng, Zhang Hua, Long Cheng, Gao Yiwen, Li Shilong
(State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: To effectively formulate a scientific and efficient fault line inspection plan, two theoretical optimal models for fault
line inspection schemes in distribution network via single/dual cooperative modes are proposed. In combination with the char-
acteristics of radial operation of distribution network, the optimal line inspection model for single — mode fault detection is firstly
designed, and then its computation complexity is analyzed. Subsequently, to meet the properties of field operation, a single —
mode model based efficient collaborative line inspection model in dual mode is derived. This model can both take the minimum
total line inspection length and a more balanced task allocation among teams into account. Finally, solution differences and
their processes via Dijkstra and depth — first search algorithm ( DFS) between two models are discussed in detail, and taking
the system of IEEE 33 — Bus and an actual system for example, the accuracy and efficiency of the proposed line inspection
models are verified.

Key words: distribution network ; line inspection; Dijkstra; depth — first search algorithm
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Research on Real - time Radar Monitoring Technology and
Its Application to Forest Fire Around Transmission Line

Li Jiang', Cao Yongxing®, Zhu Jun®, Luo Donghui’
(1. Ziyang Public Security Bureau of Sichuan, Ziyang 641300, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : The monitoring of forest fire around transmission line is always one of the difficult problems in line operation and ma-
intenance. The new technology of timely and effective forest fire monitoring is proposed to improve the efficiency of line opera-
tion and maintenance. Radar telemetry technology has the advantages of wide monitoring range, high precision and convenient
maintenance. In order to analyze the great potential of radar in the telemetry field of important transmission lines, a real — time
monitoring device of forest fire for transmission line based on Ka band radar is developed, and the project measurement and
application are carried out. The measured results show that the real — time radar monitoring device of forest fire for transmis-
sion line can quickly and accurately monitor the fire target, meet the engineering accuracy requirements, and have engineering
application feasibility.

Key words:radar; forest fire; monitoring; engineering application
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Application of HPLC to Data Acquisition in Smart Power Grid

Ke Haibo
(State Grid Panzhihua Electric Power Supply Company, Panzhihua 617000, Sichuan, China)

Abstract; HPLC ( high speed power line carrier communication) technology is a kind of high — speed power line communica-
tion technology which uses power line as communication medium for data transmission. Based on the expanding business needs
of State Grid, cities all over the country are actively carrying out advanced application pilot based on HPLC to meet the rapid
growth of communication data demand of State Grid. The smart electricity meters of HPLC have the function of minute level
data acquisition, which can realize real — time monitoring of residents’ electric load and electric quantity. It can be widely
used in any occasion of high — speed data transfer through power line, such as remote meter reading, smart home, intelligent
building, remote monitoring, the Internet of things, charging pile and street lamp control, etc. The basic principles, advanta-
ges and derived functions of HLPC are the emphases for research, and the power consumption data are deeply excavated,
which can provide the basis for residents and enterprises to better implement DSM and orderly power consumption.

Key words:HPLC; high speed data transmission; smart electricity meter; carrier communication
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Combination Forecasting Model for Energy Demand
Considering Micro Policy

Huang Xin', Wu Jiekang”, Li Hongling’, Li Yixin', Zheng Minjia', Li Meng', Wu Weijie', Zhang Yining'
(1. Guangdong Power Grid Planning Research Center, Guangzhou 510000, Guangdong, China;
2. School of Automation, Guangdong University of Technology, Guangzhou 510006, Guangdong, China)

Abstract : Aiming at the current problems of considering influence factors of energy demand forecasting in a single way, igno-
ring influence factors of macro policy and lacking in forecasting accuracy, a combined energy demand forecasting method
together with grey correlation analysis and BP neural network is proposed. Firstly, the fields are divided according to the perti-
nence and direction of the macro policy, and then the indicators are analyzed in each field. Secondly, the grey correlation
analysis method is used to calculate, sort and filter the initial indicators of the macro policy after the analysis. Finally, the se-
lected initial indicators are used as the input of BP neural network, the neural network tools are used to achieve the purpose of
energy demand forecasting, and a case simulation is performed to analyze the results of energy demand combination forecas-
ting. The example results show that the proposed energy demand combination forecasting method focuses on the impact of mac-
ro policies, which effectively improves the forecasting accuracy and is practical and reliable.

Key words:energy demand forecasting; macro policy; grey correlation analysis; BP neural network; combination forecasting
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Design of Electricity Retail Market Considering Quota
Allocation of Renewable Energy
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(1. Capital Power Exchange Center Co. , Ltd. , Beijng 100031, China;
2. Beijing Jiaotong University, Beijing 100093, China)

Abstract; With the rapid development of electricity market in China, the number of power users participating in the power
exchange market has increased dramatically, and power users with different power consumption characteristics and energy
demand enter the market for transaction. According to the requirements of the renewable energy quota document written by the
National Development and Reform Commission of China, all kinds of market entities should undertake the task of renewable
energy consumption. In this background, the research of power retailer to stabilize the price fluctuation in the wholesale market
and regulate the relationship between supply and demand by electricity price became very important, which is the key factor to
build a diversified, open and competitive retail market. Firstly, the construction of retail market at home and abroad is intro-
duced. Then, under the situation of electricity market reform in China, it is necessary to design a power exchange mechanism
that can meet the requirements of clean energy quota for each market participants, and to formulate a new retail market mecha-
nism that reflecting the synergy between the wholesale and retail markets. The proposed new mechanism can provide a refer-
ence for the construction of power market and fulfilling the responsibility of clean energy consumption.
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Abstract : Based on the life cycle analysis method of integrated energy project and considering the optimal dispatching strategy
of system operation, an economic evaluation method is proposed with integrated energy coordination and optimal dispatching
model and full life cycle economic analysis model together, including gas turbine, boiler, fan, photovoltaic, electro — thermal
energy storage, electric load and thermal load, which solves the problems of extensive economic analysis and estimation in
comprehensive energy planning and designing. Taking CHP — type integrated energy system of a park in Chongqing for exam-
ple, the effectiveness of the proposed economic evaluation method is verified through the analysis of energy supply dispatch and
economic indicators. The results show that the economic evaluation method of integrated energy system based on the proposed
optimal operation simulation can greatly improve the accuracy and flexibility of economic analysis of integrated energy planning
and designing, and can better evaluate the rationality and operability of the system scheme.
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Research on Electricity Consumption Prediction under
Mixed Model Considering Economic Factors

Xu Jiuyi', Li Ziming', Yao Jianfeng®, Yang Xiaolei’, Tu Yiyan®, Li Jie'
(1. State Grid Tongxiang Electric Power Supply Co. , Ltd. , Tongxiang 314500, Zhejiang, China;
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2. State Grid Jiaxing Electric Power Supply Company, Jiaxing 314000, Zhejiang, China)

Abstract : Precise electricity consumption prediction provides an important basis for layout and construction of power grid. In
order to solve the problems of single method, weak universality and low accuracy of prediction models, a monthly electricity
consumption prediction method under mixed model on the basis of economic factors is proposed through analyzing the historical
data of electricity consumption and economy. The regression analysis method and exponential smoothing method are combined
to set up a mixed model of electricity consumption prediction, which contributes to the high prediction accuracy. At last, the
proposed model is applied to the monthly electricity consumption prediction of Jiaxing area. The results show that its mean ab-
solute percentage error (MAPE) is 2.31% , which verifies the effectively and universality of the model.

Key words : monthly electricity consumption prediction; mixed model ; economic factor; regression analysis method; exponen-

tial smoothing method
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Abstract : Regional energy transactions mainly provide sales and purchase transaction contracts through a centralized transac-
tion service platform, and cooperate with power grid for power supply and transmission, which has high service costs, low
transaction efficiency and is lack of security guarantees for user privacy. The characteristics of regional energy transaction enti-
ties and the application scope of different types of blockchains are analyzed, a regional energy transaction architecture based on
master — slave blockchain technology is proposed, and a master —slave blockchain model suitable for regional energy transac-
tions is established. The proposed model has a high degree of security, and the construction of architecture platform is de-
signed in detail. Finally, the feasibility and security of the transaction architecture and model are proved through the simula-
tion platform test, which provides a new way of thinking for regional energy transactions.
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