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Transformer Fault Diagnosis Based on Matrix Eigenvalue Analysis
and Optimized Fuzzy Clustering of Seeker Optimization Algorithm

Tao Feida', Wu Jiekang®, Zeng Zhenda', Liang Haohao®, Zou Zhigiang',
Zhang Liping' , Huang Zhipeng', Yang Xia'
(1. Heyuan Power Supply Bureau, Guangdong Power Grid Corporation, Heyuan 517000, Guangdong, China;
2. School of Automation, Guangdong University of Technology, Guangzhou 510006, Guangdong, China)

Abstract: A fuzzy clustering model is presented considering the uncertainty of transformer fault diagnosis, and a matrix eigen-
value analysis method is proposed to estimate the correct number of clusters which can implement the unsupervised fault diag-
nosis. Aiming at the problem existed in fuzzy ¢ — means clustering algorithm which is applied to transformer fault diagnosis,
seeker optimization algorithm (SOA) is introduced to obtain the optimized initial clustering center. SOA simulates human ran-
dom search behavior and overcomes the defects of particle swarm optimization (PSO) and genetic algorithm ( GA) with local
search and poor convergence. Simulation results show that SOA has a higher convergence speed and a better global searching
ability. Comparing with the traditional intelligent optimization algorithms, SOA is more effective and robust, which can give a
reference for transformer fault diagnosis.
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Improved Droop Control Strategy of Micro — grid Based
on Virtual Impedance

Liu Shuwei', Yao Xiuping®, Wang Haiyun', Zhang Haining’, Zhang Yuning®
(1. Renewable Energy Generation and Grid Control Engineering Technology Research Center of Ministry
of Education, School of Electric Engineering, Xinjiang University, Urumqi 830049, Xinjiang, China;
2. State Grid Xinjiang Electric Power Co. , Lid. , Urumgi 830000, Xinjiang, China;
3. State Grid Chengde Electric Power Supply Company, Chengde 067000, Hebei, China;
4. Bohai University, Jinzhou 121001, Liaoning, China)

Abstract : For multi — inverter parallel operation in micro — grid, the output impedance of inverters and the line impedance be-
tween the inverters and point of common coupling are always different, which can result in big circulating current and lower
precision of power sharing among inverters. Through the analysis of active and reactive power of traditional droop control algo-
rithm, the voltage and current double — loop control strategy is introduced. An improved droop control algorithm is proposed for
multi — inverter parallel operation, and the influence of impedance on the circulation is weakened by the droop control parame-
ters setting. The simulation results show that the improved droop control algorithm can improve the performance of multi — in-
verter parallel operation, effectively reduce the circulating current problem of multi — inverter parallel operation, and also
greatly improve the reactive power balance effect of multi — inverter parallel operation.

Key words : micro — grid; inductive virtual impedance; improved droop control strategy
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Research on Improving Distortion Index of High — voltage Power
Source Based on Digital Compensation Technology

Yang Jing', Yu Kun®, Yang Yongbo®, Zheng Bao', Chen Zhongyong’
(1. State Grid Sichuan Integrated Energy Service Co. , Ltd. , Chengdu 610021, Sichuan, China;
2. China Development Bank ( Tibet Branch), Lasa 850000, Tibet, China;
3. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
4. Yang Yi Geothermal Power Plant Co. Ltd., of Dangxiong County, Dangxiong 851500, Tibet, China;
5. China Huadian Corporation Ltd. (Tibet Branch) , Lasa 850000, Tibet, China)

Abstract: The use of digital compensation technology is introduced to improve the waveform distortion of power source of high
— voltage electric energy metering device, which provides a solution to improve the distortion index. The scheme is carried out
based on high — voltage electric energy metering device with the integration of the meter and its power source. Using modern
digital synthesis and high — speed digital sampling technology, the power source output waveform is corrected by the point by
point compensation method, so that the distortion index of waveform signal output of high — voltage electric energy metering de-
vice is greatly improved. The nonlinear load such as booster, large current generator and high — voltage electric energy meter
leads to the distortion of sinusoidal signal in the output circuit of power source, which reduces the uncertainty error of high —
voltage electric energy meter by reducing the distortion of the signal provided by the power. By using the digital compensation
technology, the distortion of high — voltage electric energy metering device in the rated power output state is better than 0. 3% .
Key words: high — voltage electric energy meter; calibration system; distortion; high — voltage electric energy metering de-

vice; digital compensation
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W ENBTAEEKA300 m R 500 kV HEBEBRIE K FE - B G T AR RGREF KR E FhoP ket
IR BAFRRIEH R, FBRR TH AT AR AR &R w A&, REER O m F=53K 4300 m 3 X 69
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4000 ~ 5500 m 3o X 35 3k 18] [ ok Ak b R 69 IE MR E A MR TEAWNBERRIES &, R/E,% 8 T %K 4000 m
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HESHEES . TMSS2 XEkiRERL:A =4S :1003 -6954(2018)03 —0017 - 08

Research on Air Gap Selection and Altitude Correction of
500 kV AC Transmission Lines in High Altitude Areas

Luo Qi', Wang Qiang',Li Li', Ding Yujian®, Ai Peng'
(1. Southwest Electric Power Design Institute Co. ,Ltd. , Chengdu 610021, Sichuan, China;
2. China Electric Power Research Institute, Beijing 100192, China)

Abstract:In the region with the altitude of 4300 m, the researches on the characteristic tests of switching impulse discharge,
lightning impulse discharge and power frequency discharge of line — tower air gaps are carried out on the simulation tower head
of 500 kV tangent tower, and the discharge characteristics curves under different voltages are obtained. Based on the experi-
mental data of tower head air gaps at altitude of 0 m and 4300 m, the discharge voltages of tower head air gap at the different
altitudes are obtained, and the altitude correction coefficients for discharge voltages of tower head air gap at altitude of 4000 ~
5000 m are also obtained through interpolation method. Finally, the minimum air gap required by 500 kV transmission lines at
altitude of 4000 m and above is given and the applicable altitude correction method is recommended.

Key words: high altitude; 500 kV; air gap; altitude correction; switching impulse; lighting impulse; power frequency dis-
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i /R /m /K /m /K /m /K /m

b %%

(0.05 25 4.25 27 4.59 29 4.93 30 5.10
mg/cm’)

c %

(0.1 30 5.10 32 5.44 34 5.78 35 5.95
mg/cm’)

*x6 WEERMPEMEEREERMESL
=S EEEFE

- A A /m

R 3000 m 4000 m 5000 m 5500 m

b %%

(0.05 3.50 3.80 4.10 4.20
mg/cm’)

c %

(0.1 4.00 4.40 4.70 4.90
mg/cm’)

JEh 445 KV, YRR 4300 m FIVEK O m X AYi
B feL, R BRI, ARG ik 5 T R T
WU R PR RS — B B s R O AR il 2, N T
17 Jise 3 TR TR 500 kV fi A pEAT
B AU HL R R i s <RIBSk 7 s

600 -

0
8

+3000m
+ 3500 m

»
8

w
8

4000 m
+ 4500 m

THUSHEHE /kV

g

+ 5000 m

+ 1000 m

0 L jmgEER s/m 2 .

B 17 REMEE T I RES BRI E R R %
®T HEIMBEZERNAREEREE

EEEEE
AR 5/ m 3500 4000 4500 5000
e 1 B 35/ m 1.80 1.90 2.05 2.20

6.2 FEZEBBEFEERE/NEEEZRE

14K 3000 ~5000 m G, LGEHLUE R 2.0 p. u.
S f6],500 kV % i 2R S T T 1) i /) () B 8 G 5%
8 7R o

745 ik

1) e 4300 m X, XF 500 kV ELIEIAH

* 8 #3000 ~5000 m SEE A 500 kV LK
EXRHRNEKERESRE

B R HEFE R PR/ m

A 3000m 4000 m 5000 m 5500 m
PtErbid: 3.80 4.30 4.70 5.00
EHrd 4.00 4.40 4.70 4.90
TABHL R 1.70 1.90 2.20 2.35

PEAT T Ta) B e s P R U, A5 3 T AR wh ik
FE, FEL R R R L v i L P R AR 2

2) W T FRE 3RS 1E T 3 A1 216 & 4300
m Ml X5 (AR AR 1E R K, 11345 21 (0 45 48 wh s i
L R AR A IE 25 R S50 T S 45 SR A 22 e 22
T 7 FEL ks R L R TR AR 1 R BRI SR (5
B

3)HfETE T HER 3000 ~5500 m [ 500 kV 2k
PEIEKAE 1.8 p.u. F12.0 p.u. W HLE S0 R 45AEnp
i H R TR A 2 SR B B4, B4 5000 m
I 4.7 m, 7545 5500 m B4 5. 00 m.

A)HEFE T HEHR 3000 ~ 5500 m (1 500 kV ke
SIS TR F b S HEL F P T R S A R R R
W 5500 m A E] B 4. 90 m,

S)HERE T MR 3000 ~ 5500 m [ 500 kV i 2k
BB Sk T FL P T B 2 A R B R B A, TR
5500 m A a4 2. 35 m.,

5% ik
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MR 500 KV e 2% 40 25 T DN R P S 6 B 5

Z %, 2,5 IB,E5HFE,KIE
(1. PRI it Be A FRA R, DU )1 AR 6100215
2. R E A REERTTERE, LAt 100192)

W OE 4500 kV Rt KBS HR P, A A BB HEREERMALTHERERLTALTHERE, 5
H x4 500 kV #iry 56 TN B A LLE TR T HERAETRERFRIE FTORRGHFHOALTY LR, 173
THALEFTHLLTEHNEELE ARNEELESEESZEZ MG ERABL,

KR 500 kV Hiy 2R B SR AN 2% 1S RY IN 45 IR AE

HESEES . TM216 XEIFERL:A 24K S:1003 - 6954 (2018)03 - 0025 - 06

Research on Pollution Flashover Performance of Insulators on 500 kV
Transmission Lines in High Altitude Area

Luo Qiang', Wang Qiang',Luo Ming', Huang Ruiping’, Zhang Jinxiao'
(1. Southwest Electric Power Design Institute Co. ,Ltd. , Chengdu 610021, Sichuan, China;
2. China Eletric Power Research Institute, Beijing 100192, China)

Abstract:In pollution laboratories of high altitude test base in Tibet and UHVDC test base in Beijing, artificial pollution tests
of insulators adopted in 500 kV transmission projects are carried out both in plain regions and real high altitude regions,
through which flashover voltages at typical ESDD are obtained. Relation curve between altitude and flashover voltage is ac-

quired as well. According to the test results, insulator units and string length are also recommended for 500 kV transmission

Vol. 41,No. 3

lines in high altitude area.

Key words:500 kV transmission line; high altitude; external insulation; pollution flashover; altitude correction

0 3l 5

W 5 T PR P H TN 246 5 TR PR R e B2 R
W, ELT R St i TR TR 4 2 1 LA IR A
TSR A K, X — A H AT A 21z A AT, H
XIAR AL 251 10T B R BN AERT S 2 o 321K
B S5 A A BRG], F A A AR SEBIE S BE HEA T S
e IR A AR5 R 136 B 7 AR T34k 2000 m 72
A, HRER AR T (95 B 50 L REAE U P 5
B, HAUR 5 B 52 PRk B B 72 45 28 1 R A5 21 78 73
AIXSEE . NI RIESF SR R Z b AT, 80T LA
RS 1) WA R P AR A 2R G RORE, LS R
AFF AL ) o BT R A [ SN I T ) e B Bh 4 . 42
T 73T I O R B 5 5, 0 S8 52 T3 DN AR 11 45 Ao

K2, 2) SR 4000 m LA AS[EERSE (4n 0. 05
mg/cm” 0.1 mg/cm®) JK% (1.0mg/em’) £ T 1)
BUALRY 500 KV 2 % F % 40 57 sl 4 5 175
INAFHERIESE , 4G AR T U , 3RS #4k 5500 m L)
A R R TS N HLRAE . 3) 42 4k 4000 ~
5500 m S5 F 04 2% 11589 TN 8 i HRRS IE T T I
EIE R B, 4) Mty 500 kV 2% 5% BT 46 2% 1 7 50N
R, DU RIE E R A

1 RS N TR R RS BIIR

Il P 0T g A A 3t DX PR S SR AT A X
RN SR 5 INFF PRI SE, HAS RIS R
AR s /N A 4 2% 1A T, RO K
g SN X AT T R 2% 1, (HI R 4h
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HZBR, ZHMEA R [N A0 ik 5%
NS T RIS HOBIETT , T B AR AL /I
PR B g B, SR AR A O AT ik A
TE—E2E 5, Ly Mg g 12004 —+ LA,
P A BT TS AR o 38 i 70 B 45 B4 )
IREEA, Al A LA R 2580 1) 25 B 4 2% 1 A9 5 N
PR AL 4 T e s R AR T A, AT T U = U
(P/Py)" AL, 858 n LW T {5 08 B BEE AR T v
AREARRE BE52) T K98 K n 55060 HL 1 B9 ol 26 A0
K53) TREFEE n FA G B JLAPEAR DL K58
FERISG . (HE IR UL, 21X 56 BE ) Bk = LA I 35965
PEEAE T IS R B = 55 N 2 0 NI, [ Pr XS
5 A HL T g R E e B B IR O 1

N 1-5
wh =,

2 500 kV 21 RIS N

2.1 iR %
2.1.1 KEi&&

2 2%~ 15 DN 90 36 567 VG e Y AT 0 5 b A
] G2 HL D2 ) A v R s S b ) D o g o PR
FEH R AR R 1 5 2 S8 AU RS T,
(10 kV/0 ~10.5 kV,1000 kVA) | T 45i i 56 45 JE 8
T, (10 kV/200 kV,1000 kVA) A3 HLFH R, (5 kQ) |
A EAR V. D (200 kV) Rl & R 441 . 200
kV 355 28 He 4% v R 100 KV A1 200 KV 422 2
T2, X UAR IR 200 kV #2807

A5 R R L R R FLUR A 200 KV, HER G
FELR KA a2 B 1 fnE 2 s, B/ 1 R T.0 K
i 8 2% Ef R, il it Y R O A FLBHL

B 1 200 kV 2R 5856 B iF B 2% R 18

IS ] 5 R 9 m 9 m il
11 m, 3 SR N T 5 R IR B3 A Bk . 186 L
i 3 55 5 R RS 0 B ST S SR S S A B
WE LRSI 330 KV B £250 kv

I T 2 AN 0.3 vh LR

- 26 -

B2 200 kV XS HIAHBEIE

il g, TP 24 FESE A N TS R G = IR
%o A K 283 K Ak R £ AT A U8 LK
fbo ZRIRGMEST Bl B R NE LM A 1 &
U E A $65 mm RGN E A, FEH
TR 0.3 mt T

GB/T 4585 — 2004 (IEC 60507 ;:1991,IDT) { 58
MAGH L% TN TSR ) B E K2
B EORZERE N (0.05 £0.01) kg/(h -
m’ ), B PP R R 33T 3650 0. 33 kg/(h - m?),
3 122 B T 43S Y T S 4 E S VR Y RN AR
TEAS O BB, AT LUK 25 e LGl A 1E E R T
AZEE W IASS S 3235 5] K/IMEE |, T R 1T IR
PRl OC T 28 VA0 i B oKk . 483 56 i oA A
B AR BEE AT RS 15 ~25 min J5 A&
o 2% 7 1A B RO 3238, 7 £ GB/T 4585 — 2004
B D EEKR
2.1.2 RKBFik

IRER FHEAZVE . #5718 GB/T 4585 —2004
FRILAE , >R FH TR T 25 X e A7 e I el s 1 e 7 4 4% 1
PEATIRIE , 58 N4 ol i 32 45 R 5 1 o

TR FHE SR A TS, AT R FH Al
999.5% 1) NaCl, Fr 5 115 1 i o #8 R e .
Kok G o N OO T i /BT B L1 7193 B B a8

IR X A R A e TE R HAR T4, B R
— U AE T — A i X 2 wp e T i A3 i FE 0F
FFURR o ARV B0 15 22 22 3 50 i A A2 915 30 min
(S5 5 45 min) 550, #5000 1 A% i & AR TN 2% D)
ARYGRIGHEATZE R

PRI PR UE 55 2 Y Il B AL i T 22 AN A 5
K, HEAT50 2 YOI e 155 == 5 P A as SR BTl
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FUGRIATHUR 5% % PR

TRANTE 2 FLIR Uso, R TR AR B, R4 52
1A RETGOL T, 2R AT 06 ) a0 o SR Bk 5 7
JETH) Usg, , A RO 5 04T 10 L Lo BARTT
RN W)

U:M (1)

n
K- U, Jyiit in il e v 1, KV s, SR 7E [R]—Ha He K
- U, T BRI RS n A SGR R s
2.1.3 K&

R Lk R 210 kKN 300 kN 420 kN,
550 kN B a AL 7, U SR 1,
2.1.4 XE&H

T TR B, £ X R R Y 546 21 i
D 4 PR B R NP, KBS —RH 1.0
mg/cm’, R REVG R HL N 121, 75 78 68 e Vg 43
6 H (V54K 4300 m) i I 7E R % 2051 4 0. 05 mg/
em? F10. 1 mg/cmzjf(%_‘ﬂy 1.0 mg/cm2 £ FF
J&, F R REEH A 110
2.2 REHER
2.2.1 REALHRRHLGFTAEERE

A3 HINE FC = 210P BRI XWP — 210 70 46 2 3
TTRERMN A5G, X FE A [R) I8 46 2% 7 16 R[]
TR s BN IS TN AR e g R LR 2,

PUREEER % 4 0. 05 mg/em® 25T 45 5 A 41,
R 2 T A [REAR T (75 N LR EAT T HR,

wWE 3 s

64 —=— XWP-210 |5
—e— FC-210P I

B3 BWHESFERRSEENE TSNS

H & 3 AT LA ), AHAEER %5 0. 05 mg/em® () 1
R 2 7R SR FC - 210P Bl 4 2 F1F 4300 m Al
50 m PEAhSEBRIGER ST B T5 N U451 R 10. 58
kV 1 13. 82 kV, 38 3o 5256 45 404 XF [ XWP —
210 UL 2% 1) 100 235 5 vl 0, ‘P B8 AU 9 g 4 % 1
L5 XA RV 246 2 - AH B, A BB AR 248 5% 7 19 B 15 TN
T HE, E R AE VAR 4300 m A1 O m 2544 F 3 I 13.
5% 14. 7% o RIEA KA IR Z5 5, 7] F H
A FU A 7 XWP — 210 57 AR ZLA T e Al o
T FC - 210P ; V4R 157 X WA RR 4 2% 71175 [N L R
T BT P L BAR I o PRI T30 R B T 4
G WA RS P BE RS T e P BE 2 55 A WL
A AIA LT
2.2.2 ZBERTFNEEEH T

Pz LR RSN U, DL FC - 210P 4525 1N

x1 BRAZTFHILASH

T MR RS AR A M RE/mm EHEEEE/mm A/ mm HUE G AT/ KN
1 L XWP - 210 K L 5H 170 450 300 210
2 B FC -210P T 2R e 170 450 280 210
1 HL CA -590EZ NGK 5 195 505 320 300
5 HL CA - 596EZ NGK 5 205 550 340 400
7 HL CA —597EZ NGK A5 240 700 380 530

Fz2 4300 m 0 m BHEEGFTTARKER

Gk s R/ N ERE TR B8 2T 50% [N 2% L ST/ kV

X (mg-em™?) (mg - em™) 5t /m FC -210P XWP -210

[ & 0.05 1.0 1:1 4300 10.58 12.23

I & 0.1 1.0 1:1 4300 9.60 -

I & 0.05 1.0 1:1 50 13.82 16.2

I & 0.1 1.0 1:1 50 12.58 -

.27 .
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%3 FC-210P IHIELAELZF 4000 m F1 5500 m iBHE G T STHNEEE
i & ha/ K/ BNk TR L
R %1 50% [N i s/ kV
PN (mg - em™?) (mg - cm ™) A5 /m "
I & 0.05 1.0 1:1 4000 10.62
I & 0.1 1.0 1:1 4000 9.78
I & 0.05 1.0 1:1 5500 9.42
I 5 0.1 1.0 1:1 5500 8.73
5], 76 4000 m F15500 m 5044 F , FEPR 4% Ha AN h
LU 4 TR 3 MERRET R AR
cre— 30 ERRERE
S I g P T U5 A P B B R R R
= ; e RIS o A/ I 25 T AP 725 T 0 47 M, 41 o £
= s Y %5 IN L R SRR . 15 TN L R S R AU Z E] 1Y
§ . @ ESDD=0.05mg/cm2

W ESDD=0.1mg/cm?2

1000 2000 3000 4000

REE /m
4 FC-210P [RLEEEMEMZ
AILVE Y, FC - 210P %82 53 5l 4E#h % 0. 05
mg/cm’ F10.1 mg/cm” (JKB 1.0 mg/em’) 551 F,
L Usgo INZ L ARG 229300 K
Uy, = —0.8H +13.82
Uy, = —0.7H +12.58
K- H R km,
I G AT RAAS Y, FC - 210P 48 2%+ 7E 4000 m Fil
5500 m JEARCT , % LR ER S A9 TS I R LR 3
WAk, 78 4300 m 52 BR U 3K 45 2F R, X 300
kN 420 kN 550 kN =7Ffii B B 48 2% 1, 7R i fo 3h %5
$70.05 mg/cm” #10.1 mg/em” JK#%F5 1.0 mg/em’
SEAET  JFRE T N TG NGRS, 3R45 75 A W 4 5]

5 Fiso

16
XWP-210  FC-210P  CA-590EZ CA-596EZ  CA-597EZ
HHETHS

RBRBNRE

5000 6000

(2)

[u
N

Fa N HLIE /CRV-F D

&5
.28 -

etk & 1K (3) Fors
)
f Py HIEHR O m R HE KSR, MPa; Uy Js
HERAE Py B B4 ST 15 NH R, kV sn R S,
JEXF 15 TN R s M 2 B8 1 1 AR 48

M (3) BT, T35 N R AR Z )2 HE
LSRR, ANMEF TR 4% T PR AR

P4 RGP TR R A g BE AR A X
Bl

XF2e 4 g AT IMZRAUS, AT AR

P=0.102 2¢ 172" (4)

PAEARXIMEREL R =0.999 6, T/t

(3) Al4%:

U

Uy

n

U:UO(

1S4
52 n

-0.127 2H

0.102 2e
0.101 3
102

= (0. 101 3)n xe
PRI A .

—-0.127 2nH
€

p n
= ()" = )
0.

-0.127 2nH

(5)

0.127 2° xn’ xH*
21

=1-0.127 2nH +

0.127 2° xn® x H®

=1-0.127 2nH +

3!
0.008 1n*H* —0.000 34n’° H* (6)
. 4 (0.102 2\" .
AR(S) RH g jor5) =1 FES AR

(S)MIBREITEn O ~1 BUSEHEN, 5 1 e KA 2
0.008 59, P A] LLERIIA N ZRE T M 1,
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4 SEMBREEOMELE(BHEE)
IR = E H/ km 0.0 0.2 0.4 0.6 0.8 1.0 1.2
S JE P/MPa 0.101 33 0.098 95 0.096 61 0.094 32 0.092 08 0.089 87 0.087 72
WK = H/ km 1.4 1.6 1.8 2.0 2.2 2.4 2.6
S % P/MPa 0.085 6 0.083 52 0.081 49 0.079 5 0.077 54 0.075 63 0.073 75
Wk = H/ km 2.8 3.0 3.2 3.4 3.6 3.8 4.0
S JE P/MPa 0.071 91 0.070 11 0.068 34 0.066 62 0.064 92 0.063 26 0.061 64
IR H/km 4.2 4.4 4.6 5.4 5.6 5.8 6.0
S & P/MPa 0.060 05 0.058 49 0.056 97 0.051 19 0.049 83 0.048 49 0.047 18
%£5 REnETFHOR(S) R
n 0 0.1 0.2 0.3 0.4 0.5
1 1 1.000 86 1.001 71 1.002 57 1.003 43 1.004 28
n 0.6 0.7 0.8 0.9 1 -
1 1.005 14 1.006 00 1.006 86 1.007 72 1.008 59 -
A o 2 1 H Z KK 6 s,
é%:1-01272m1u1mm1nﬁﬁ- %
0. 000 34n° H* (7) 5
Z0 % YR I =)0, 15 3] ‘;% 6%
U E
{ =1 -0.127 20 (8) g ol
A k=0, 127 20, UHEH 5 E R 244 FE 2 l
KRN o |

U

FZl_kH (9)
A (9) L n] LU
AU Uy, -U
7(): U, =kH (10)

Kk =0. 127 2n, WFRR T BERLEE, S BBl 1 4K 5
JEFHES N R T RERREE Uy 4R = B 0 m B
VSN, KV U g3k i B H B 75 TN L &V
H iR e B km,

13X (10) WA WK R T L km, V5 N L
JERR TR kAf o k BETATSLEH T M7 V5 [N e B
MR TR R R RS . 1 EL T RERPR A MY
PR N, BB B I b R A R X TS TN R )
S o A TR EL R TGRS MR ) n R
IR 4% FL R B A 2 ] A R ZR P X R Lk A 1 T
R BEHI

R, X5 T 4000 ~ 5500 m fi4 ¥4k 454, 7T SR
IR I DT
3.2 BHERERH

HR A o TR B0 2 5, N IR AL B RN <0 1Y

210kNXL&>  210kN#PE  300kN#E

HFTHE

420kNE#PE  S30KNEFE

E6 REBLTFEERREY

530 kN (CA - 597EZ) .420 kN (CA - 596EZ) |
300 kN(CA —590EZ) 210 kN 428 4 2 T4k T %
Rk YA 5.9% B RKIE A 7.9% o XF TR
AU210 kN 482+, H k]9 5.5%

P RS 5 E F T R4 1, ShPIE M
PhEERIA LT HLT. 9%
3.3 500 kV RZim&k k4T HEBUIERE

x 58 H S RO X TR R Tk X o 3, H
G D BN E e FITKEESM, B d %
Fe VL 95 X, B A% b A/ ¢ 9005 X I JRAFSYE
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Research of Three — phase Short - circuit Fault Characteristics for
Direct — driven Wind Turbine with Low - voltage
Ride - through Capability

Chen Weiwei, Lv Pan, Zhang Zengqiang, Song Xinfu, Liu Minghong, Zhai Xujing, Wei Junchen
(State Grid Economic and Technology Research Institute of Xinjiang
Electric Power Company, Urumqi 830000, Xinjiang, China)

Abstract ; Direct — driven wind turbine generator is widely used in wind farm because of its superiority. Its fault characteristics
will be changed greatly because of low — voltage ride — through ( LVRT) capability, but there is no systematic analysis and re-
search about it. The PMSG topology structure and control strategy are studied and analyzed. The direct — driven wind farm
model is established in PSCAD platform to verify its LVRT capability, and its three — phase short — circuit fault characteristics
are simulated and compared considering LVRT strategy. The relevant factors that affect the three — phase short — circuit fault
characteristics also are analyzed. It is pointed out that the above — mentioned factors need to be considered in the protection
setting.

Key words: direct — driven wind turbine; low — voltage ride — through ( LVRT) ; three — phase short circuit; fault characteris-

tics; influencing factor
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Microgrid Optimal Dispatching Strategy Considering Load Uncertainty

Du Jicheng', Zhang Zhenyuan®, Zhang Yuxin®
(1. Southwest Branch of State Grid Corporation of China, Chengdu 610041, Sichuan, China;
2. University of Electronic Science and Technology of China, Chengdu 611731, Sichuan, China)

Abstract; With the increasing of energy crisis and environment pollution in recent years, the microgrid, as a new type of ener-
gy network supply and management structure, provides an effective way to increase the integration of renewable energy re-
sources. It can reduce energy consumption and environmental pollution, and at the same time it can also improve the reliability
and flexibility of the system. In order to improve the operation performance of microgrid from economic and environmental point
of view, a microgrid model with wind turbine, photovoltaic, micro gas turbine, fuel cell and battery is established. With the
consideration of load uncertainty, energy balance of supply and demand, ramp rate constraints and battery charge/discharge
capacily constraints, the mixed integer programming based islanding mircogrid optimal economic dispatch strategy has been de-
veloped.

Key words : microgrid; optimal dispatching; economy; load uncertainty
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Calculation and Evaluation for Transient Current Carrying
Capacity of Overhead Insulated Conductor in Distribution Network

Zhang Yu', Jiang Shaocheng', He Liang®, Lv Shichao', Xi Xiaohang', Xi Haibo’
(1. Hinner Technology Company, Shanghai 201315, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
3. Jiangsu Power Design Institute Company of China Energy Engineering

Group, Nanjing 211102, Jiangsu, China)

Abstract : The load of urban distribution network is increasing rapidly, and the power supply corridor is becoming increasingly
rare especially in the central area of city, which causes overload or heavy load of some important overhead transmission lines.
So the real — time calculation and evaluation of transient current carrying capacity of transmission lines are significant to relieve
the tension in power supply. Based on the equivalent thermal model of overhead insulated conductor, the thermal balance e-
quation and transient temperature rise equation set, the evaluation method of transient current carrying capacity is presented
considering the effect of sun, wind and rain. The conductor temperature rise is analyzed according to the proposed model, and
the transient current carrying capacity and safe running time of the line are given by the calculation methods. Furthermore, the
current carrying capacity of a real overhead insulated transmission line is evaluated based on the online monitoring data. The
research results show that the current carrying capacity of transmission line is too conservative in the current standards, and the
overhead lines of distribution network has a significant power supply potential.

Key words: overhead insulated conductor; conductor temperature; safe running time; transient currrent carrying capacity ; rat-

ing operation
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Research on Application of Photovoltaic Power
Generation to Metro Traction Power Supply System

Guo Xiaoyu
( Railway Power Supply Section of Korla, Korla 841001, Xinjiang, China)

Abstract: As an important part of urban mass transit, the metro in Urumgi is indispensable to the future development the city,
and the booming metro construction will be bound to increase the demand of urban power supply. Urumgi has abundant solar
energy resources. If photovoltaic power generation can be applied to metro traction power supply system, it can effectively re-
duce the pressure of urban power supply as well as the operation cost of subway. Therefore, it is proposed to connect the pho-
tovoltaic power station to the metro traction power supply system. To verify the validity of this idea, based on MATLAB/Simu-
link, a 1 MW photovoltaic power station is constructed to be connected to the simulation model of metro traction power supply
system, which judges whether photovoltaic power station meets the requirements of grid connection by analyzing the harmonic
of the output power through the inverter. The simulation results in MATLAB/Simulink show that it is feasible to connect the
photovoltaic power station to the metro traction power supply system.

Key words : photovoltaic power stations; metro traction power supply system; MATLAB/Simulink
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Application Status of DC Auxiliary Power System at Home and Abroad

Chen Kena, Luo Jin, Ning Xin, Li Jing, Luo Yang
(State Grid Sichuan Electric Power Research Institute ,Chengdu 610041 ,Sichuan, China)

Abstract : The continuous development of power system technology results in a greater need than ever for the reliability and se-
curity of DC auxiliary power systems, which draws broader attentions of electric engineers both at home and abroad. By analy-
zing the statistics of DC auxiliary power system applied in Sichuan province in ten years and combined with the work experi-

ences in CIGRE WG B3.42, the practical application conditions of DC auxiliary power system at home and abroad are dis-
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cussed.

Key words:DC auxiliary power system; battery; faultiness; current applications at home and abroad
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Overview of Electrical Load Forecasting
Researches and Forecasting Analysis

Yang Boyu'**, Chen Shijun’
(1. Party School ( Management Training Center) of State Grid Sichuan Electric Power Company,
Dujiangyan 611830, Sichuan, China;
2. Water Conservancy and Hydropower School ,Sichuan University , Chengdu 610065 ,Sichuan,China)

Abstract : The researches on load forecasting of power system are of great significance to the electricity consumption analysis,
electricity planning, rational arrangement of manpower and material resources, economical and effective management of power
system. Firstly the background and current situation of electrical load research are analyzed, and the characteristics and proce-
dures of electrical load forecasting and its common prediction methods are systematically summarized. And then from different
point of view the characteristics of different prediction methods are analyzed and compared, moreover the electrical load fore-
casting in Sichuan province and the national electricity consumption situation are analyzed. Furthermore, the corresponding o-
pinions and suggestions are put forward for the researches of electrical load forecasting.

Key words : power load forecasting; forecasting method ; regression analysis; electricity elasticity coefficient; spatial load fore-

casting
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Research on Development of PMU Tester in Smart Substation

He Li',Teng Yufei',Shi Tao’, Feng Shilin',Liu Mingzhong',
Huang Qiaoyin’ ,Chen Luofei’, Li Dongsheng’
(1. State Grid Sichuan Electric Power Research Institute ,Chengdu 610041 ,Sichuan, China;
2. Sichuan Shuneng Electric Power Co. , Lid,. ( Gaoxin Branch) , Chengdu 610041 ,Sichuan,China;
3. Ponovo Power Co. , Ltd. , Beijing 100176, China)

Abstract : There lacks the effective testing methods for PMU in smart substation at present. The demands of PMU tester in
smart substation are introduced according to the connection of PMU and data transfer protocol in smart substation, and PMU
tester is developed based on these requirements. The testing procedure is proposed according to the characteristics of PMU in-
stallation. The proposed methods and the development of PMU tester in smart substation can quickly implement the accuracy
test of PMU, simplify the complicated data processing and report composing, and improve the testing efficiency and validity of
PMU in smart substation.

Key words :smart substation; PMU; PMU tester; testing procedure; accuracy test
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Whole Group Transmission Commissioning Method for New
Generation of Smart Substation Based on Whole Scene System

Li Yonglong'”,Zheng Yongkang®,Li Xiaopeng”,Shen Daqian® , Dong Hanbin
(1. Department of Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
3. State Grid Guangan Power Supply Company, Guangan 638600, Sichuan, China)

Abstract; With the development of smart substation, electronic transformer has been widely used in the new generation of
smart substation. But the traditional whole group transmission commissioning method is hardly used in the new generation of
smart substation because of the application of electronic transformers. A whole group transmission commissioning method for
the new generation of smart substations is presented. Firstly, an overview of the test method and its limitations in the conven-
tional smart substation are given. Secondly, the whole scene system suitable for the new generation of smart substation is intro-
duced. Combined with the example of a 220 kV substation commissioning, the key steps of the whole scene system in the field
commissioning of substation are introduced in detail. Finally, based on the comparison between the two sets of transmission
commissioning methods, the advantages of using the whole scene system for the whole group transmission commissioning are
summarized.

Key words :new generation of smart substation; whole group transmission commissioning; whole scene system
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Discrimination Method Based on Logistic Regression for False
Overcurrent Alarm of High - voltage Shunt Reactor

Zhu Liman',Luo Rongsen’,Feng Shilin®, Teng Yufei’
(1. State Grid Chengdu Electric Power Supply Company , Chengdu 610041 ,Sichuan,China;
2. State Grid Sichuan Electric Power Research Institute ,Chengdu 610041 ,Sichuan , China)

Abstract : The influence of transformer measuring error on overcurrent alarm accuracy of high — voltage shunt reactor is ana-
lyzed. And then, a discrimination method of false overcurrent alarm for high — voltage shunt reactor is proposed based on logis-
tic regression. The method is used to analyze the relationship between the measuring voltage and alarm signal of high — voltage
shunt reactor with logistic regression model. Considering the low precision of instrument measurement, two false alarm criteria
are defined with regression coefficient. Taking a practical high — voltage shunt reactor of 500 kV transmission line for example,
it is verified by both the actual measured data and simulation data. The results show that the proposed method can rapidly i-
dentify the overcurrent alarm accuracy of high — voltage shunt reactor. And also the method does not need outage test or addi-
tional measuring equipment, so it has a high industrial application value.

Key words: high voltage; shunt reactor; logistic regression; false overcurrent alarm
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Sensitivity Analysis on Market Efficiency in
Auxiliary Service of Wind Power with BESS

Zhang Wei' ,Ma Meiting’,Qin Yanhui®,Pi Xia*, Yuan Tiejiang’ ,Liu Peihan’
(1. State Grid Xinjiang Electric Power Co. ,Ltd. ,Urumqi 830000, Xinjiang,China;
2. State Grid Changji Power Supply Company, Changji 831100, Xinjiang, China;
3. State Grid Xinjiang Electric Power Research Institute , Urumqi 830000, Xinjiang , China;
4. State Grid Gansu Economic Research Institute , Lanzhou 730050, Gansu , China;
5. Dalian University of Technology , Dalian 116023, Liaoning, China )

Abstract: As a better energy storage method, energy storage battery gets more and more attention in solving the problem of
wind and photovoltaic energy curtailment. However, the economic status of battery energy storage station ( BESS) is not clear,
and it is difficult to carry out the large — scale applications. An auxiliary service delivery model is proposed, in which BESS
and conventional units bid against each other. Market efficiency analysis model of BESS is established, and according to the
calculation of the model, the sensitivity of BESS investment returns is analyzed in Microsoft Office Excel 2007, which can pro-
vide an engineering economic reference for the planning project of BESS.

Key words : battery energy storage station; auxiliary service; economic status; sensitivity analysis
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Three — phase Unbalance Regulation of Distribution
Network Based on STATCOM

Liu Xiaojiang' ,Zhao Lihua’,He Yuhang',Zhao Maolin®,Li Ming’
(1. State Grid Sichuan Electric Power Research Institute ,Chengdu 610041 ,Sichuan, China;
2. School of Electrical Engineering and Information, Sichuan University , Chengdu 610065 ,Sichuan, China;
3. Yicheng Technology Co. , Ltd. ,Chengdu 611731, Sichuan, China)

Abstract : In order to reduce the three — phase unbalance factor of rural distribution area and improve the quality of power sup-
ply, a STATCOM three — phase unbalanced regulator based on IGBT is developed. The device uses the d — g method to detect
the reactive current, which reduces the calculation time and improves the calculation efficiency. The control mode adopts
double closed — loop control, that is, the outer loop is voltage control and the inner loop is current control, and the feedback
control loop is introduced to feedback the control of compensation current, which improves the accuracy of the control system
effectively. The simulation system is established with MATLAB software, and the simulation test of STATCOM shows that
STATCOM has a regulating effect on three — phase unbalance. The application results also show that the STATCOM device has
a good suppressing effect on three — phase unbalance of distribution network.

Key words:STATCOM; three — phase unbalance; d — ¢ method; double closed — loop control
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Research on Construction of Information Security
System for Sichuan Electric Power Service

Yang Jiashi, Yang Fan
(State Grid Sichuan Information & Telecommunication Company, Chengdu 610041, Sichuan, China)

Abstract : With the construction of information system and the application of a large number of new technologies, the informa-
tion safety, especially the equipment, network and data security face severe challenges. In this case, how to ensure the securi-
ty of system operation by some kinds of effective methods needs to be considered. Starting from the daily practical operation
and based on security requirements, the technology and management are considered as an organic whole. Then the key ele-

ments in each aspect are analyzed, and the information security system for electric power industry is constructed. It has been

Vol. 41,No. 3
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proved that the system can effectively improves the ability of information and data security.

Key words:defense system; network attack; operational auditing; data masking; safety responsibility
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Uncertainty Assessment of Industry Platinum Resistance
Thermometer Measurement Results

Jiang Zhentao, Peng Jianying
( State Grid Sichuan Electric Power Corporation Metering Center, Chengdu 610045, Sichuan,China)

Abstract: The uncertainty assessment process of the measurement results for industry platinum resistance thermometer is com-
plicated, which makes many units cannot evaluate the measurement results scientifically and reasonably during testing industry
platinum resistance. With the development of modern detection technology, the demands for the scientificalness and rationality
of measurement results are getting higher and higher, the uncertainty assessment of measurement results for industry platinum
resistance thermometer should be carried out in accordance with " Evaluation and Expression of Uncertainty in Measurement"
(JJG 1059.1 -2012) and "Industry Platinum and Copper Resistance Thermometers" (JJG 229 —2010) , in order to provide
an example for uncertainty assessment method of industry platinum resistance thermometer measurement for basic units.
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