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A Reactive Power Optimization Control Strategy
Based on Multi — objective for Micro - grid

Liu Baolei, Zhong Jun
(School of Electrical Engineering and Information, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract ;: The randomness and intermittence characteristics of distributed generation make the stability of power grid face seri-
ous challenges, but most of the researches on optimal power flow of micro — grid do not consider the stability of the system and
the fast recovery of the wave. A static reactive power control strategy based on simplified L indicator is presented, and by es-
tablishing the multi — objective optimization model with the consideration of economy, system stability and dynamic reactive
power reserve maximization, it effectively guarantees the voltage stability and the rapid recovery of voltage volatility during the
operation of power grid. Taking the modified IEEE 14 bus system for example, the simulation experiment and the comparison
of multi — objective function and the traditional economic objective function are carried out. The results show that the proposed
strategy has better stability and more dynamic reactive power reserve while meeting the demand of economy, which verifies the
effectiveness of the proposed method.
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Reliability Evaluation System of Wind Power Generation System

Zhang 1i',Li Hongjun',Liu Xinghai' ,Zhang Jianmei' ,Wang Tingting' , Huang Zhongsheng' ,Zhang Jianglin®
(1. Skill Training Center of State Grid Sichuan Electric Power Company, Chengdu 611133, Sichuan, China;
2. Chengdu University of Information Technology, Chengdu 610225, Sichuan, China)

Abstract : Because of the randomness, intermittence and fluctuation of wind resource, its reliability has great influence on the
security of large — scale integrated power system. How to accurately evaluate the reliability of wind power generation system po-
ses a new challenge. Firstly, the structure and output of wind power generation system are analyzed. A method based on equal

"string" e-

expected energy not supplied (EENS) is proposed to substitute a generator with the same capacity for wind turbine
quivalently. In addition, the reliability state is divided by the component state characteristics. At last, the system reliability is

comprehensively evaluated by the time, the output and the system. According to the simulation on an actual wind power sys-

Vol.41,No.2

tem, the result shows that the index system can accurately evaluates the reliability of wind power generation system.

Key words:wind power generation system; equivalent substitution; reliability evaluation; index system
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Research on a Visual System for SCD
Hierarchical Information Integration

Liao Xiaojun'”, Lv Feipeng’, Huang Zhongsheng', Han Huarong',
Zhang Zhigang', Zhang Li', Wang Xiaoru®, Zheng Yongkang
(1. Skill Training Center of State Grid Sichuan Electric Power Company, Chengdu 610072, Sichuan, China;
2. Southwest Jiaotong University, Chengdu 610031, Sichuan, China ;
3. Sichuan University, Chengdu 610065, Sichuan, China;
4. State Grid Sichuan Electric Power Research Institution, Chengdu 610041, Sichuan, China)

Abstract : The development of SCD configuration tool of smart substation is introduced, and the problems existing in visual
function of SCL configuration tools are analyzed. Because the hierarchical visualization function of general SCD configuration
tools is weak, the visualization function is limited to virtual terminal visualization and cannot reflect the problems about the hi-
erarchical relationship of smart substation information, a kind of SCD display system which has a good level of information ar-
chitecture, integration and multiple levels is put forward. By using the hierarchical information integration visualization tech-
nology, the structure of the SCD file, the IED model and the physical structure of smart substation are combined together. The
visual system will integrate the related images with the re — designing drawings of IED device, which is easy for the commissio-
ning, operation and maintenance personnel to have a better use and understanding of SCD files.

Key words :smart substation ; SCD ;hierarchical information; visualization
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Hierarchical Identification Method for Power System
Topology Based on Islanding Search

Tang Lun', Shi Huabo', Yuan Chuan®, Ding Lijie', Zhou Bo'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract ; Automatic identification of power system topology is an important foundation for automatic electromagnetic transient
modeling. Traditional algorithms for power system topology identification are limited to single tier description, which cannot
meet the demands of modular modeling. Therefore, a new hierarchical identification method for power system topology based
on islanding search is proposed. This method provides an approach for automatic hierarchical identification of " inter — station
topology + in — station topology" based on mainstream simulation data for power system analysis. The algorithm principle and
details are given firstly, and then the algorithm is tested on CEPRI 36 nodes system using an actual grid simulation data of a
certain province, which proves to be correct and effective. The proposed algorithm can be used directly in automatic topology
generation and visual modeling of complex power system in province scale.

Key words: power system topology; hierarchical identification; islanding search; visual modeling

0 51 F

B ARGt A SRR R Gt A S
J& - Al T AL AR T AR A EE 2R, tR AL -
HL G A 5 A E SRR BB R 2 — o G
SCHRT ™ IS TR 5 J2 8T 5 4 X e R e 4
BUNIT b AT TIRABIBT I, BUA T vk E 245
R B ML S E A 5Bk SOk
CUT$RH —FoBr 9 LU 0 M i 30k o AR MK L85
TE YRR v I A M A AT A Y
- SCRORIBIR B B AT 30N 0 M, IR R IX 0l Y

.18 -

SEH RS IR 7 R 2 o, 7 25 M el 4
sk T A I 04 2 o e 0 2 D OB
(401 PSASP BPA PSDB §HfE 5 )t , Sy Bl S 4 34
B (I 3/2 BELh RUER 2R HELE | = LE 41 25 1 7
‘a5 FECEAFAE BT DG 26 10 45 8 ol 35 A1, 3 i
TR BB 2RI, — A b BB 4 4
(220 kV R L) A5 STk 1 500 ~2 000 4>, 4
BT H MR A AN R 5 450 0 AL
ST A o LTG0 D43 ) i 02 L Y 7 30
FHLEG, — LR 25 0 EOBCHE 11 S AL, L JE v
FH 35 9 w8 S5 B4 (PSCAD/EMTDC \EMTP |
HYPERSIM ) (e 5 (L ARSI Al B A 2050



41 B 2 ) W AR Vol.41,No.2
2018 4F4 H Sichuan Electric Power Technology Apr. ,2018
IIHTIEE A SBHAERE B, Y 5 1 TFIR AR P18 R

BEXE LR R, $2 HH —Fh e ) R G R R
BT i, T o PO A a1 Sl T R S
P ERIFAR 38 , T A BT R A 705 B A1
H SRS bl 5, ET 0 J2 0 T i o
M Z BRI N ICPE Z B NERESC R . T IHE 5L
26 tH—Fh R T RIS B I 19 37 1, R R Al L 4
AT I IR B B R G =TT ik,
Ja 3 ST 36 3 5 2R G0 FIRE A S B L R0 ) T 2
SAVEHEA TR 34T

1 BT EReR IS R IT ik

T ENE IS R 07 R TR A A O
e, S LU 1 g S ] Bl T ik

W 1(a) B, B GA S 1 ASHAT 8 v si 7
ARSI A T AT, A R T LR S (2) FISZ I (3)
R 1(b) Bz, DR EDRE AR 51 A 3 A ELASAH 18 A4 2 57
ko, B R 3 AR, FRHN I GB,

[
@
7
[
(6) ‘ (4)
6
®)

(a) GA
8 2
@)
{ 7 4 [ T3, I
| et (¢9)
NC) o) B
5/ 1
) et
(b) GB

Bl GEREERILETE
XHEL GB AP A8 AR AT 3 D4 5, B R] 4145 45
ANIRE BT AL B SR o 1] GB AYRBHEAE RS B AN
TR

1 2 3 456 7 8
1,01 100000 0
2010 0 0000 0
3000 000000
40 00 0100 1

=500 0 101 00
60 0 0 01010
770 0 0 00 1 0 0
glo 0o 0 10000

B R I A 7 AT R A R BB Y % 3
o BELTEUT .

D WIS R AR ER1,2,3,4,5,6,7,8],

2) X5 1 e T AR R o AR AT AR 1 AT
T EEAE 1 - 27 5 IR A Y R, s AR A
SR 2 MR 1,

3) R AR RER PN BR IS 1 A A 5115 R, B
Hromi3,4,5,6,7,8},

4) R 3 AT PR . RAIT R 3 AN
55 IR HAAT 275 R0 38, S ST 5, AR 13
PRI 2.

5)FHE R SR T ARSI BR N 2 1 B 51Ty
HLHEHTN14,5,6,7,81

6) XI5 M 4 HATI IR, HREATA4 5
BN HAL Y SZ B AFFE LA 4 AT RE AR “4 -
57 “4-5-6" “4-5-6-7".%4-8" HFAIRE
B AT 0 KO 4 B 1T
AAHFT R14,5,6,7, 8 MILARE) 3,

T)FHB R AR P ARSI BRI 3 1Y A
FOTHERT RIES R

AL TR T g fR B GBSl X AT
R34 I P AR BA] A R v T A IR
EERNOER . X TEALEZING LA 5L 7%
W2 T, 19 e B A28 1Y) ol g 48 R AT R B G S 8 R
(depth — first search, DFS) {177 1% 5€ %, DFS [ B AR
TS WSTR[ T ], AR AN PR A . MR 48 52 PR
HL 48 AR ELAIE 39 B AE B R Re A
XL DFS B30k U i 4 1 B AR K B BRME
Ol BIR il i A2 15 2R A, DA G 8 2R A TR B TE R
PRI R,

.
17

pil

2 T IRNFH MR RBTIE

FESR 1B b, 455 9B i R 5 BB R AR
26 R T AR 99 2 PR 05 8 D R S B
A,

— B, A R R B A A B B
SR T AL Y AR OC R 1 R,
FRHR AR, FRAE 22 4h A5 H B S B R AR
SR . A BT 1A, NS ]
GO — ALY a0 S B 9 G i P, G A A 3 i

.19 .



41 B2 4]
2018 4£4 f

MmN B h KR

Sichuan Electric Power Technology

Vol.41,No.2
Apr. ,2018

AR, SO XN AS i 4k i 4 AR TR 4% L &
OOF) BRHLZE (B) A oolF. IEENE T, BT
WA 4 W e g BRRRAE B AR A0, NS A Y
BRI H R NS 0 53 2 R0, B2 A4
AN R A B, SE ) st S A SR, )
FEMESERE T [R)A 58 B 30 38k 0 2 [RD RN 3l P e 2
P Z A FFME

FH TSR 3t sl i 22 ) — A 1 3 ok o v e A
T, RCAT e EEL R B AN Ayl ) R, T R S A
HATTHF N NI . A RE IR T B ER
0 1 1 3l 1) S B (i P 2 B ) IR RS BR (R BR3¢
B DR B TS T RO S A R MR A T A T
PSL A, 33X S ] 2 B S B A 19 4 -
A BRI  FRH IR S5 R B . AR, — A
S ST I — AT syl L v BRI X6 B
Sl i, TSN SR PR D G B AR X 3ty P A A
SR AAAE 5 T 22705 18 — SCREINEY X1 22 Bk o5
U NETE R R R R Ay AR E BT () #55%5TT
PRI B ol N R

FIIHES 14545 0 A8 Z 07 v X 25 48 1]
AT D 1 2, T AR AT A (b ) K
AN (3l 520) ARG 739 050, N TTRE 4R Fh e iy
JITA 1 A RS B AR S B4 T 3l oS, T T A — 3
PR, SEBL) sl il ;A R S AR SRS R
FEmh b AR SRS SR K b S R T
ST 24 A S Sl 4 T I I A0 3 1544 AH (]
(1) 32 %, BIAT IR J 38 7 0l i =2 ) 3% 42 00 R I 4R 42
FERE A NI 58 Bk () # MU

XTFui AR TS, B Tui oo 2 B
IR G N DR 45 1 S 2 2 G R LS,
T H A A5 S AR R Y o S A BT R F R
FIMY B N S B S Y AT T B S B 2 AU B AR SR
B AL LAl P M T o S A 3

DL bR S B A0 JEARL, T T DAY 3 B A
GYHT TSl A R Kk TR F MR T A b
PUI SR 3 A J7 45 Bk BAR S P 3R
2.1 EREEARRE S

T AL ER A 1) A AR 43 A A Bl i B ) B, HE H
()2 IO ELECE A5 B 90 S B3R, T AR B S %
FRIEAR B Can = BT ) J400) 4 2% S % i oA T 1k
SEBR A, T AR R, e ME B

.20 -

SIHEAR R R LI RGBS AT
(PSASP Version 7.21) Sy 5], BAe) it 560 L (9 4= 40
FISZIE R, T BE A U K TP B ¢ SR e R R
R TR BRI R A R R A Y AR
- CHERIKAE R Wl 2 fros, ik 3 A Edle
SIS AT B R (Valid) 1 U35 5347 (iNode ) \j il
T4 (jNode) (32 %55 (brnNum ) , B ] 4 18 58 4%
(G2 I 3%, A 1 S 3R PP N S B 1) S
R (Type) ", R G R IBUPRIC A RSB R

Type Valid  iNode

Acline
Rtk C
#iRE mp

TES Tw2
iRk Tw3
ER
iy

B2 HERIFICHSILBERENY

Pl A4 b S % 3R B 25 S I S AU AT S 4o %o
JE IR BE F AR AR S, BB R P A
DI (T 0 g A Rl el Q] o1 7 S T S R T
(Dcline ) ;78 He 25 £ 48 26 5 A P S8 41748 1 4% > %
= GE 2] A8 e S I W2, mT AR I [R] — A8 R 8 119 3¢
BEEORAR I GBS 20 A8 25 52 I (Tw2 ) il = Za A8 T
i S (Tw3 ) 5 177 32 i 2 B 2 00 AT B 5 2 Ui i PR
2 HEBEL S R ECRPTAY R AR AR (e
TR SCTRIE WA ) KR IR F 2848 AR IR L e
i e F H IBE HL AR A CHR AR ) i R R IR F BT 2 (R
Pu) LR IT A, W 7 o R LAk A S R T
HEBURE NG R IE AR B X B R AT AL . AT
L PSASP 5545 J 5], 25 Hh — 21 22 i 46 H5 s 2 ot A i
0 ;

1)#; iNode = jNode , W4 25 ] 5 Sy IR e
B AT — 25 AR A BB A 9 1E T S TR, 2k ol R 55
ok HOR MR R R S R R S AINUE

2)# iNode # jNode , W47 25 4] 7 Ay 52 7 i P £k
PR AR LS R PAR , nTam 2R S BT S RO
K/INFITE A R AR — 25 F1

T TR B AL A3 BT AR A T A BRI Y
YRS ER R R S s I R AR MR A A
o MRIEZR , SRR RN A AR R A
2.2 | uhuh i R Rk E R FMA S

jNode  brnNum




41 B 2 ) W AR Vol.41,No.2
2018 4F4 H Sichuan Electric Power Technology Apr. ,2018
W 3 JrzR , W S BUBRIC B 4R 1 S g 2 {n L€ ()
N o = ..
I I3 T Ay 5 i i, £ B e D L G B S B (i ) Tl0 iej

B ), RIS R S %k

Type Valid iNode jNode brnNum
TAtE—™— /@@ |
ot { B

HER

TES fhe
HiEE Tw3

BR% ([ Deline  —————— |
BiRR

B3 MEhITBRREEMRIER

PREY ST LBk T b b il a1 1K A%, (£ B
2 RELR U R ARk PN ORI S, n] AR I SR
TR AR , T e 1 R B o R AT Fh Iy, A
T ARATF 2 BF Ll AT IR K Al s N RRAT A R
AL L, sl A D A re ), A U AR sl i
T 53kt ) S D ] Pt M 83 ™ S 5 A i )1 AL
PR S J] P A IS i o B 2 M B, DR kg BB 26
iR AT e AR IR SO R TP AT AR T
TEARED SR AP AT AE R A, B SRR A

Station baseV  Type  sNum NodesContained
SAS00 kvl 525 ARyl 1 SA500-1, SA500-1B, SA66-1

GenA HJ” 230 KkH) 2 GenAl#, GenA2#, GenA230

(a) BiRifEER

BT EA xRk 2
Node Station
SA500-1 SA 500KV
SAS00-1B  SA 500kVik

SA66-1 SA 500KV

(b) 5 R — 3l N LR
B4 BHRERRETR - RER

SEIUITAT il AR B I B AR AR U X
i AT A Shan 44, B SO E] 4 (a) B 7 Bl
HAARFNE 4(b) FrRBy Rl - s R R . Hop,
u R E B R T A B S R A e HLR AR
G i i 2SI v T B PRV R T R — i
BELREE T BN JEIAR T R S5 RS R AR

AT = WO R e h SR P T
TR Al 4 B 0 32t 44 AT ) 52
%, RIVAT I Rt ) 4 1 S 6 2, AR A0 ol 1) 9 D S R
] AR R i s Z A HOC R AR A

ArPen 90 5 HELHER G e j 2R
T SR AR e FORTI R L SR A
2.3 JihutRERIMAR SRR
J 3l v A R AT 4 R vl s TR Y R DL T
F, T N T2 B K H: i e b 0 5 o N R
FMRGNRTS . AFPRIC RN R A A T
F SR TTIE SRS X T 2 B2l A, B2 R
SR TP TG O Y A A4 Sy 3l DALY SR S B D
A B AR IC B ul N AR FD SCBg . o AT A S
22, PR 17 A ) SR Z M B , (W) S 3 v Y 3R
FEHEATT U5 HARE ) R R
TN, R E LA Al N RN — 840, i
FHEI AR A, SOk AR PR A T i Dy A
TRV AT R T L A AL S 1 A Kl R P A
T , LA st N 2 75 A7 R AL A far e
R B 10 8 3ty P S B3R B ke H LT 67 frp A7
TIEER, PR A B 28 ) 0 [l 5% il 9 35 R )
(8RB R A, R R A FE X £ 0 2 AR5 A5 ) 52 i
[ 45 K S B2 -
ina[j:{n><103+k 1E J (2)
0 ig]
Ak =1~ 10, 73 51 00 R 6 e 48 S PSR Z8 TE
i S GRS e i S A U A L e S i L AR R
FLA i S 3 IBC P T A S B O K i T L T 8 S
% UK L2 2 S R IR S Hl B4 S T
15 e J L B e S 0 o
FELE R XS £ TR AR & F LBl S Ak B A 4 1
LA
-m ie Gen
"o, ={ m ie Load (3)
0 i¢Gen & i¢load
A, m SRS A 0y A AL B AL B A
o BRRREHOR AL, AR TR R A+
et ez,
2.4 BiEREE
ISk i B AR AR I A S R

3 B

3.1 36 TR REES
.21 -



41 B2 4]
2018 4£4 f

m e AR

Sichuan Electric Power Technology

Vol.41,No.2
Apr. ,2018

BEANRBBRITERE, FAEEKRAAEAX
E%ﬁ#

HERBHEEL, WREBHIEEL

v
HATHAE A A, TR R BATILH
AL HA

PRS- RSGES ZSEEE S T LT
SIS E K, JHIY BRI AR A

BERGZEE T A BT 2, R
RERT R, Wiefi=1

REERTRERFATR, RARE LT
%, BEZY 2B MGEHE F A AT
B&, HFHRAEEKPath

v
& HiPath ¥ Fr A A8 57 7 R, FACTINH & AiSet,
B — A% 4 9 8 P B R

EFREETRE, MEAFRET AL
*%ﬁ&maﬁ$ﬂ%%ﬁ

v
RELRERYRMGEE (FHESERES)

v
(BREARMNIRRTFAMARG HEET T F
EWTR, HAMGES2 (BFABLE)

2
HEMBEEAIFNG R A2, HREZANAINE
%é\iﬁﬁfﬁ%,$%é\% B 35 % 4

7 ook A5 R R R -3k R X B

v
ERTR-SERANE, FERAIBRTHAT
BRI R

B

I3 }7
VY

, TV R3]
B AR HE S =4

KETRI B & T I B A R ST R
S, BIEL Y RN R U0 B P 9 4 X R

EEEAAELR?

WeEAERAEER, TRXERT DANEER
%ﬁm%ﬁﬁﬁ*i&%%ﬁ%&

ki P 5 o AR R 4 R AL B R SR TR
I

v
% Rk T0 A 2 A A0 L o 3k Y R TR B AT R AE A

#E

5 ETMBERNENRESRIRMNEZRE

KA ERBHEE CEPRI 36 15 5 R TR 5 4 2
ATt g L A (RIS Z Fh a4 anlEl 6 .

HIE 6 Al 1, iZ R G 36 A1y i, Hp ki
PLT L8 A, Tfar 19 52 10 A4, R4S 1 18 />3 19 il
]S j 43 2%, Horpsg i 2k 18 2%, i fiesk 8 7%,
ARTRAN LS 16 45, FR AR 1 450 ISk, Rt
BCEA 6 MIFBHMAEE

@
E 6 CEPRI36 T milliX R E
.00

FFH T3 03 B8 3 X U B s R T 48 R oA, vl B
36 T E B 11 ATk A, 48R W A9 3k A £h
gERNE 7 iR

G €220 G_A500 S _A500 G_E220

7 BTREEFHET bk E R E
1t S BRI R S & 3 DR
i, AR 8 AN R R, Pl N B R R %
(13l 5, G_BS00, ARHGALZEE R n] 1, 1%k ki 1
KRBT BENEA T AT, TR AN 8 f
Ro KT EHANEL T B 8 SR HiNE] 6 HEATXT
L, B S e AL A R B IE BT



41 B 2 ) W AR Vol.41,No.2
2018 4F4 H Sichuan Electric Power Technology Apr. ,2018
- P MR TR A , DT s B 1 0 B2 4 D FUR 3 A
10 SR ERAC RN et o XA B, T i Ak 4k B S R
BUS28 BUS13 TN S ~ S 2y
500 - A AL H, O AR T IR SOR
j0.000

10.000

BUS16

220

E8 FREHEHMLEA C_B500 oStk RRIME
3.2 ELERERENESL

R N ARE A 38 R o T B B vk I 5 5
PRAGGLHL I o 12098 9 I iAo PASAP A% 5, i 5
2248 220 kV KDL F R ER RN, HUE R
SR T = IR R AR A 2 867 AR AL, H
TS R ALY B 529 A, SRR R 322 s e
FASZ K 4 342 J%, Horh AR 2 S B (B A IR T L 2R
FEBRZRA )2 105 45, A8 R dn i 2 237 4%,

FI A B AAE AT PR R il (5 R, & 4
FOATIZR, AR 2 867 AN f RIS R 533 AN,
Hirp 500 kV ASHL Y, 52 8 B RIEL) T 27 85,220 kV A5
HLk 286 8\ HLT 168 JAE, Gk 1 iR,

R ELFRAREMYRBESEELER

BUS29
220

AR S R
500 kV 52 27
220 kV 286 168

[V , PSR 190 3l A5 A B 3 P AR R kA il
PR B B B3 Y A, GETH ARl P B RSB R, AT
B an il 9 Jir s il Y5 B AR A

250

200 +

50

r—

B9 EIMRAREMBEBFERENTRESH

HIPE ORI, A HL IR0 LR v i AL
REPAAES ~20 Z 6], 5 5 B0R 2 (R ol i N B Y0
MIZZIR 27 A~ AR T IR B AT i R S
FI SR, SRIUIT $ 23 240 M RN J7 12 i R

0

4 45 i

MR F 2R S8 A S g A R AT A AR A S B
R A BT B Fh MR 5 1 AN B8 DX 73l AL 4
SRS I FR NS R, 3t — P T R AT
NARGENIM 2R Tk, S8 T 3T BUA 5 B AR
& H SEAT “ wli A + s AT /9202 U T
fEo AT CEPRI 36 7 s 830051 B 58 52 Pty % 3 R %K
PERTEEBEAT 1IN, S5 R IE T P 4@ 58k B9 1E
PERCARNE . PPk nl RN T U
R GRS E S A S T A T AR

S 3k

(1] Xed A Bl RZERIMH0 LU 56 1455
B[], AR, 2015, 39(10) ; 2869 —2874.

(2] Wbff, 230, s, 45, AR & 45 B AR 40 vh v I O
AR AZhA RSB L T]. B R% A 3h1k,2010,34
(6) :48 -52.

[3] ®RR,Ez, A0, 5 T8 Kb ™ & [ s
A (=) B3R B RS A sk,2009,
33(24) ;43 - 48.

[4] BEFUAK, XIFR, EL088, 55, JET40 0o 2 MY c e ) g
SEHLE AN EREET]. B RS Hshk,2014,
38(13) :174 - 180.

[5] #IRE,M S BRSLER. BT SRR A MR
W s) L E AShAR R )], B R4 H 3h1k,2013,
37(11):107 - 112.

[6] BAZAy, 288, sJH. SL T4 A Boohy i Mg & A
SR e[ )], AR 2013 ,37(10) ;2979 —2984.

(7] Ba%e 5%, o R, 545, BEFIRER I RAIENH T
REA WML [T]. MR ,2010,34(2)
120 - 124.

EERA:

B A (1988) Mk, E B NFE YN RESWHR;
F A (1987) , Mt TAT, EERNFEL S A5G L

DHIEER
F ON(1980) , HAE LA, NFEd W ALK TAE,

(W5 BEA:2017 - 11 - 15)

.23 .



41 B2 4]
2018 4£4 f

MmN B h KR

Sichuan Electric Power Technology

Vol.41,No.2
Apr. ,2018

BT H AT et BP R 25 ) 2%
R N AR R

EE R £,%

=L, ERE, =Rk - it/REY

(1. [ 5 i E, 1 RS A e D B2 9T e, B e 58 K5F 830011 ;
2. [ W s A BRSNS R B H R ST B, B 55 K5F 830046
3. EMHERHEE A T, 2B HERT 232007 ;4. B HIZ RE RS RIB  A FR 2 7L T db BRE; 065600)

W OEATTARE L A AL S 4 R R B R — M, 32 R T — P AR T SOM - PSO — BP #9 8 A 2 4k
H o FBATEITAN, A TRES L WA TR ARRGFERS, BARM A MRS R HERRAATRES
Y B A A T B S ot BP AP 2 M & 09 R E A dly B 48 24T F40; R UG A) A DI % & # i SOM - PSO — BP | 4%

ARG AT AT b IR T PR ke A A
SRR LIRS 5 TN 5 A U s BP M2t 2%
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Study on Prediction of Short — term Photovoltaic Output Power with
Improved BP Neural Network Based on Self — organizing Mapping

Zhan Zhonggiang', Yu Jin®, Guo Zhi’, Wang Yintao*, Kepaiyitulla + Tursun'
(1. State Grid Xinjiang Electric Power Research Institute, Urumqi 830011, Xijiang, China;
2. State Grid Xinjiang Economic Research Institute, Urumqi 830046, Xijiang, China;
3. State Grid Huainan Power Supply Company, Huainan 232007, Anhui, China;
4. ENN Ubiquitous Energy Network Technology Corporation Limited, Langfang 065600, Hebei, China)

Abstract : The random fluctuation of photovoltaic power generation may cause difficulties for power grid dispatching, so a short
— term prediction model based on SOM — PSO — BP is proposed, which will improve the dispatching ability of renewable ener-
gy by power grid. Firstly, the self — organizing mapping is used to reduce and cluster the dimension of the original data. Sec-
ondly, the weight and bias matrix of BP neural network are optimized by using particle swarm algorithm, and then the SOM -

PSO - BP prediction model is constructed by using the training sets. Finally, the effectiveness of the proposed method is veri-

fied in the simulation.

Key words : photovoltaic generation; output power prediction; self — organizing mapping; BP neural network
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Oil - paper Insulation Evaluation Method of Transformer
Based on Kernel Principal Component Analysis and
Random Forest Algorithm

Zhang Liping' ,Wu Jiekang®, Tao Feida',Zeng Zhenda',
Liang Haohao® ,Zou Zhiqiang' , Huang Zhipeng' , Yang Xia'
(1. Heyuan Power Supply Bureau of Guangdong Power Grid Corporation, Heyuan 525000, Guangdong, China;
2. School of Automation, Guangdong University of Technology, Guangzhou 510006, Guangdong, China)

Abstract ; In order to realize the intelligent evaluation of power transformer insulation status, an evaluation method for oil — pa-
per insulation of transformer is proposed based on kernel principal component analysis and random forest algorithm. Recovery
voltage method (RVM) is to study insulation aging status of power transformer. In order to overcome the limitations of single
classifier, random forest ( RF) is introduced to get classifier groups. The randomness of training samples and feature selection
can avoid the problem of overfitting. The differences are small among classifiers built with features when there are few features
available. The original samples are analyzed by using kernel principle component analysis ( KPCA) so as to increase the num-
ber of features. Then random forests are constructed to get classifier groups in high dimensional kernel space. Finally, the vot-
ing results show that, the differences among classifier groups are improved effectively by KPCA. And results of the state diag-
nosis based on KPCA and random forests have a higher accuracy.

Key words : power transformer; oil — paper insulation; recovery voltage method; classifier groups; ensemble learning; kernel

principle component analysis
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Study on Influence of Stent Material of Power Frequency

Electric Field Tester on Space Electric Field

Liu Shoubao' , Wu Di*”*

,Lan Xinsheng'

(1. State Grid Sichuan Electric Power Research Institute ,Chengdu 610041 ,Sichuan, China;
2. Key Laboratory of Smart Grid in Shanxi Province,Xi'an 710049 ,Shanxi ,China;
3. Xi'an Jiaotong University,Xi'an 710049, Shanxi,China)

Abstract:; The power frequency electric field tester is a device to measure the electric field strength of the power equipment

running at the height of 1.5 m. Accurate measurement of the electric field strength requires minimizing the impact of the test

equipment itself. However, the space electric field should be studied, especially the electric field in the area where the probe

is located, so it is necessary to study the influence of the stent material on the space electric field. Based on the finite element
method, ANSYS MAXWELL is used to establish the analysis model for the effect of the electric field tester on the space elec-

tric field. By comparing the influence of different materials on the distribution of electric field in the space, it provides a refer-

ence for the material selection and optimization of the electric field tester and its accessories.

Key words:electric field intensity; finite element method; ANSYS MAXWELL; dielectric constant
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Study on Surge Performance of Power Thyristor

Dong Hanbin', Jia Zhijie' , Wang Jiayi' ,Ning Xin',Li Yonglong®,Dai Ling’
(1. State Grid Sichuan Electric Power Research Institute ,Chengdu 610041 ,Sichuan, China;
2. College of Electrical Engineering and Information Technology ,Sichuan University ,Chengdu 610065 ,Sichuan,China;
3. School of Electrical and Electronic Engineering, Huazhong University of Science and Technology,

Wuhan 430074 ,Hubei, China)

Abstract : Non — repetitive peak on — state current (g, ) is a key parameter of thyristor, which can indicate the short — circuit
capacity. A test platform is designed to obtain high surge current under the condition of low voltage and di/dt. Plenty of tests

are carried out to research the safe operation area of thyristor, and the relationship between pulse width and surge current am-

plitude of the tested thyristor is obtained.

Key Words:thyristor; non — repetitive peak on — state current; converter valve; pulse power

0 3l 5

W5 el s L B P 23 P S U L e BRI
ik b D AR AR K & 5 4, IGBT (IGCT  GTO
I A DR SR TF O Y — RS I R 4
So FErb R RS Hh T HE A R ) K (K Al
ZFar R PERERRE AR ] AL A 2 1T
2 B L AR EE A ki

A ARG Loy (LT FRIFRIR L)
AR S AT it ] BIR 8 30 78 H O S 80, RE I S %
TS R A AR Z S B R R RE ) o — e AR
PR E A O (10 ms BRTE ) 83 45 E PP T /Y
TR FEL AL (L, T o5 1] A7 F) YL P E 10 RV T ok
WUIRIOG . B b ] 1o FH PR 358 9 5028 3L 2 )

.38 -

B L I AN 2 [ R AN B9, SO B BB
KA A HARE R BE T, 15 B A PR T R
FHT AR PR K s D AR AR TR T B A
AR BRI ASBEAT RO W S PR T 0L RERE 7R 52
AR TR FL AL RE T o

S B i s ) A8 S o IO P I T, R
TEAN RIS (078 10 H A PR B AT AF 9, 5 P
A28, LASE Ay ) A5 A B R4 B2 25 AR Al

L AR Y SR B 5 254
B LB JE DU 35 (A BB K 99 .G 1)

) By TP SRR, 3L 3 A4S PN &5 il TR
AR SRR AT 04, A 1 TR



B4 B2 m il h A Vol. 41,No. 2
2018 4F4 H Sichuan Electric Power Technology Apr. ,2018
G g ill, &l 3 b) s PRIEHASBIEOL T, A S ok %
) p— A N K FEGAITVEF(RIHEAN . S 11 RS e 75 5 0l
v WL AT S B P T MO L. LR
L N . R IU2 B R B0 - £ RO R TT 6 K P LA
‘ AP1 A St RE R RH o e e F R T R AR FE LR A R 4

Bl SRAENHEHSENEE

Iy 2 5 ) A — P R T 4 40 54 i ~F (52 51 4
e, MBFR O UKER A 25, Al 2 oo A BB 3
S R EAE 2 AMHZ . O P I K &
BOEIT , REMERIT 1E.8 AN iR, i R 2 A
B R T A A Al AR ] ] e e A DA o SR ARG
MR . BTN TEARR TR URRI PR
P, AT 1k P30t A B SR E ™

st AT W ) 20 8 A DA R o 4 Sl RS
B L IRRES IO AR BAR TSGR T
VERS 2 PEREDN A IFE , 2E A H AR, 24 i i ]
B IR R AR o —JBEA S R - 2
M52 45t 125°C, ek ik i B2 it A4 AR R
SRR o T ARG FL L 5 o S ML 1 2 5 5 (1
AP, I FLRIRUTG AL O BR SEAR S

5 IR A A 2%

R =]
N
[ [ —5 .
HA A RS ESS
2 kEREVETIER ME S EE

2 R

BT A TR A A D S A 3 R
Shy 3 it TR A 7 TR R VR RE T s 32 3 A
PR BYRZI , 32 B SR I 3CF 15 o o ) A ) T A
STV Vigy B A LT3R dizde R/ T
HBGEM . I HA T AR A, B0 (U
B A AR, PR R TR N BE R R K
45 LR RN, P 5 00 20 B A (B R R T
CIZE AR T b A 0 H ) B il ) R FL It )

Bl 3 a) izl F & R I AR D BB
THREUR, B P AR AL A OSSR BE T, IR (I
H95 000 wF o AL/ R RH 23 3 3 3 3 35 A RELTE /Y
VR, AEAR S T 5 TR P U B4 Ok 5 12 R 0 4
SR A T YR RO B4 D S R RO, B A
LI P )7 AR Bl TR R DK T EA T R R
KSR OL T, A8 SR 4 A i ] B

FEHL, JFRH] Pearson 4427 /0 LA IR o

MWRESCHE fkfe WY 4HL W R

A

- P A s A Y
& N DUT YUY, Ry I Al

l l’>‘l\
‘rE‘}fﬁ: | ¢ ° Load
7o B REH ESL Ro

T

(a) IRIHICT 6 B A

(b) TR HIALIET 65 5
B3 mEERFEREMNITES

TN

(a) IEW HLEITE

N
SO ENRET
L

(b) B HLILBTE
B4 SEEER

PR g T 45 i A YRR L (EL S FL A AR 2L Y
FUHL O R AMESC AR, BT DAIE A 18 5 A AL A
FEL R A R FL TR (L

SR S8 MR AE T, ol T 23 ] A A0 35
A DRI AT LA AR 0 3T 2o o R ) P A ST SR
W & RS 2 B 2 BRI L IR . 181 4 a) Dy

.30 .



5541 B2 )
2018 44 A

m e AR

Sichuan Electric Power Technology

Vol.41,No.2
Apr. ,2018

1 i AR RN B LR BT, 181 4 b) S el L 2
BRI IR 5 A 3IR 57 WL A BT , U6 I R T A8 B 28 3%
ABEWTRE ST o RBKSEMRA T, DA D 2 1] % 4
ARV T LA b I A8 4 IR TS B R R O] A 22
S, ANREARER HL T BT 0 s A A IR PR kg
IV AT X it TR 4 AT — U T it

3 Bdlaortr

A H IR L J I 1P 15, XEHEAY S inch D)

An AL S AT VR LRI, d i AR 5 e

HLA AR S TR S ARG TS R T

ANFIRKGE T BT B, HAADI R e 1 R R o
x1 KB

F5 IRIHG/KA Jik 5/ ms Pt/kA%s
1 105 13.1 144.4
2 140 7.5 147.0
3 180 3.0 97.2
4 222 1.0 49.3

TERX I A T T 4 PP SEACAF T BiR
AT, AR 1 BYRAE T RUA L BEA F it bk
T BRI/ , o TR 4TI T P OAL (R 1 Ty, {EL T ey
1 BEAE 7K 2 i) PR A TB T T Y o

F IR R I S R R 1, 3 —
IR, AL B IR — AW . O T HERR A
PRUER RS2, U6 SR T 4 i [ A7 Dy ] — 25 [+
— AT o

250

- BI
A - B2
S 200 \
ko \\
&
by
e
= 150 \\:\
\Q
100
0 2 4 10 12 14

iE‘Jﬁﬁﬁzk'EE/ris
Bs5 FAURAENRETIEHL

ARG 1 BRI, K TR P S BR TE 1 56 R 2
il S Ry B2 2R, R4 A bk 08 T AR R
Tzzdl P s Bl fhgk. & TAEAE B2 il
2 DX I, BEAS PRl 0] 457 A 2 W 9 HL A 43
o QSRR R TARREVELE T B1 LAY A Ml
DX, U it [ A0 — S 2> BRI L TR R . B 2K
B2 il 2 2 ] B XU — Al e R e

. 40 -

HL R HER B IH X
FRERE f(1) =a " +c BIAE S hihsk
B2,7[1% a = -110.8,6=0.274 1,¢ =330. 1, fJl
f(t) = —110.8 %' +330. 1 (1)
XPIZALEH IR, LRRTS (1) -1, <0 [ TR
{50, s ISR T DALRTIEAS 23 PR A YR T R A0 T SRR o

6 WRAMREESH

4 45 if

A BT AS L e AR E A LB TR
TR FL L A3 15, 04 A () Bk 9 2 R A
BRI AR o 0 a0 e B e A, 2 i
T )6 14 YR I P I RO BK S A X 1 DG R 2k, 3%
b2 A B g i ] A5 ok P AR ) 8 e O
I A e R BRI 1 BN 4 T 9 275 MR

&% ik

(1] THRZEXEAKA. +1100 kV FEEERHHEH 6 %
S A R AR [T, T E AL TR )R,
2014,34(29) .5180 - 5187.

[2] ERIREH GO KIPRERBUERAN LRSS RE[T].
KIUPRA R A ,2010(1) :1 -9.

[3] FIR%,WAR. BB FEARIM]. Jbat AU Tk H

JikE,2005.
(4] JAeMW, SIER. aTEEHARTM . b5 LR Tk H
JikE,1978.

[5] XIEA. IGCT - GTO AR E#itt [ T]. ik
A ,2000,25(3) :9 - 11.

[6] FERHE TH IR & WA (GCT) e 4B AR I 5E
[D]. P52 PHZH T K24 ,2006.

(7] #0% EDUW, MAR B, 55 kb D 3 8 W 45 1) /N B4k
[J]. B THARH,2012,27(8) ;120 - 125.

(8] EJr#r. Wikirh i w48 (4 50 L Ao 0 B AVRp R SR (D ]
IR PR R ,2010.

(T#% 75 W)



41 B2 4]
2018 4£4 f

MmN B h KR

Sichuan Electric Power Technology

Vol.41,No.2
Apr. ,2018

0

LT i [V A5 1 ik, i 81 2 1 AP L s v

gk oBE,RFIE, SRR BAE ,E %
(1. [ RO A e 28wl BT 5 B, DU AR 610041 ;
2. PR AL AR BB, DU BHR 610065 53. BUAMC BT BRZ =, PUJI f#p 611731)

W B AMERA M PSR AENKEERA, RETRALTRHRELMAEEBAERENEEEE, 47
R BRI E BT R E R FIRA L EEEE) —& BIRE R F 0 — R M Ak b @ A At B e R AL
PR AGLBARD G AREAZT T RIER XA P E T RGBT D BT ER — KM EMBENNY $ VR BB EMmA
W EGAER  ERARIEH P AT Bk RIS BRI X B R BRI, F 2B A 0 5 kT & W
Frk, ZidXIBWIE, & W E LAk S KRR T TARIEE 8 EGHEA,

SRR AR FRVA L s L RE T L ; D 5 T i el R

HESEES . TM727 XEIRERL:A XE4HS:1003 - 6954 (2018)02 - 0041 - 05

Low Voltage Regulation of Non — contact Regulating
Device Based on Thyristor

Yao Xiao', Zhao Lihua®, Ma Qixiao', Cheng Yinzhang®, 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. Chengdu Yicheng Technology Co. ,Ltd. ,Chengdu 611731, Sichuan, China)

Abstract: In order to solve the problem of low voltage in the rural power grid, the control measures of voltage regulating device
based on the non — contact line of thyristor are proposed. Thyristor step voltage regulator will be treated as two thyristors in in-
verse parallel connection to a series on the primary side of transformer tap, with the corresponding design of single chip micro-
computer control system, the corresponding trigger signals are released to control the set of thyristor, thus it adjusts the trans-
former winding connecting in primary side to stabilize the input voltage. In the concrete control, in order to prevent the forma-
tion of circulation between thyristor switch devices, the corresponding measures need to be found to open the thyristor switch.
It is proved that the thyristor step voltage regulator can be used to stabilize voltage.

Key words:low voltage regulation; power quality; thyristor; voltage regulation without contact
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Influence Analysis of Sichuan Power Development
on New Energy Construction Scale

Chen Hanxiong
(PCCC Sichuan Electric Power Design & Consulting Co. , Ltd. ,Chengdu 610016, Sichuan, China)

Abstract : According to the future power development status in Sichuan province including electric power demand, power in-
stalled capacity and grid planning etc. , the reasonable construction scale for new energy planning of Sichuan province in 2020
are studied and analyzed. On one hand, the power construction market space of new energy in Sichuan is calculated and ana-
lyzed based on power and electricity quantity balance of Sichuan power grid, as well as the influence of new energy construc-
tion on the quantity of abandoning energy in high flow period and the thermal power utilization hours. On the other hand, the

influence of grid construction and power transmission capability on new energy construction scale of Sichuan are analyzed ac-

cording to Sichuan grid construction planning.

Key words : power system; new energy; power grid
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12~5H 6~10 H AT 12~5H 6~10 H AT
. R RHER 2 1741 2271 4012 1 740 2271 4011
DO fr & 1 406 1 095 2 500 1 406 1 095 2 500
QFh ik 335 1176 1512 334.9 1176 1511
A% FL M A L 950 950
¥ AT A A% A 562 562
2. 7K U AT % H 1 380 2 405 3785 1 380 2 405 3785
Ok HL & L 1 380 2 124 3505 1 380 2136 3516
Q@F /K& 0 280.7 280.7 0 253.6 253.6
3. RHL W] % H 124.9 41.6 166.6 83 27.7 110.7
DR HL % i 124.9 37.5 162.4 83 24.9 108
Q@F K e 0 4.2 4.2 0 2.8 2.8
4.5k % 21.1 25.7 46.8 8.2 10 18.2
Otk B & 21.1 23.2 44.2 8.2 9 17.2
@7t & 0 2.6 2.6 0 1 1
FWIF L i 10% 10%
5. KL R HL R 214.4 86.1 300.5 269.0 85.2 354.2
6. A4 /N5
Ok, 1 647 2527 4174 1 647 2 568 4216
Q@R 1 666 555 2 166 1 661 554 2159
@K H 1234 501 1735 1 549 468 2017
@tk 585 715 1229 585 715 1229
7 %ﬁﬁzﬁgﬁ(giﬁﬁ{k) 8.3% 5.0%

i), BV KA A AR /K3 T R R (XU A G4k
3l ) 7 KURI 56 XU , I 52 e XU R R0 AR L sl i
TTETERL S s WS DU H XA S T 4 XU DL
JE ) 1] EEL XA A7 A R i S oK [l o — T T
TR IE T RR IR (XU SGAR HL s ) T & i
X U 1] 2k R & R ) R AR, D] ok F 4 4F ]
ZINES R B DA B ALK o

= B YA I R TR R B Y
SEHUFUA T DU 1148 30A B 7K K 28 5% 1 A XY 5%
M), 2020 450U 1 HT RE VR b e AT RIS 75 f: T LS i °F-
iy 2 5 LT 2 Ha % U )1 7K HEL 37K B R A o L 1
ZINBSF 5P 5 M [ 5 DASHEIBI A o+ = 07 v J 19 0y
A8 A8 RE TR IR 1 X5 DU )1 7K R A S 0 55 2 T
A1 7% 58, U1 HEL ) 2020 437 AR TR S B LR 42 il 78
25 6 400 MW ( JXLHEL37 5 000 MW + Y61k 1 400 MW) |
AR T g 5 G LB &

3 D)1 e e X R IR AL
w437

AR RS It fi T B A3t 6% D 11 8 B AR TR ( XU
AR AL ) ML BERE A 2, O L) XU

25 87 % K BHBEIGIR Ha ok BV 0 24 63% 14 48
eV T Y T L M R AR | R DX 17732 X
ISR DU ) 5 KA TS RE VR A6, ey 220 kV i
355,500 KV FH e 3248 R 4% 25 1 e BN SR XA
TH TR RE TR BRI 6 H A — a2 R 2, PR O T R
M =07 ] 2018 42020 41 7 R R
BT RE VR T 7E M 220 kV/500 kV & L) b 3= T L
FEYNBE T i F AR 1 40 3 o0 BT a9 LG T R TR R
TR 0

Dt LM ARG i AT e T ( XUREL AR Lt ) =
BIAEPAEAR B E ERUR B L R X (7S B
g B TR E SHA SARE) il A X
(PEET HMEA B E R HIEE) mul R
X (B B A E B AR R R)
DL EER A X K 5 B HE B AR IX A

J1 VY T b DX A ™ A 5 BT B VR P
S 37 Rl T e AN BRI S Tk
P 500 kV £ TR &S 550N EIME, B
Wy 1) BT B 22 110 kV/220 kV I THE G
I 1 [Elag 22 ] 220 kV 2 iRk e = il BERAE
220 kV 3= L A AH SC X 20 2 5 (L35 3% HE & 500

< 49 .
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kV AR HL ki Y 220 KV Al 52) 281 PSR B SO
KB e 500 kV FHEASHL 5 TH R 2 500 kV HL R4
9¢53) e B AT BB g iy N1 P g 500 kV 7K HEL 3%
H0 32 ) B R e D B Tk W 2 Y )1 500 KV FE
TR Dl 2 AR Y 1 [ v A R R LI (R
2019 440z ) Mk B IX AR

3.1 2018 £ JIIFEFE 220 kV R EFFEHMIEE

e 13t HT e IR B IR R M0 4 AT

FE A R Sl AR 1) 2018 AFERE 500 kV 22
FIG (1 X750 M A ) ERHRIZ , 254K 500 kV A2 HL (2
X750 M 7AZ iy ) BERARZ 52 ) Tt LU e S b, o 3 o o] K
fE— 2 191220 kV 2% JiRE— H 33 1] 220 kV £
Bg Sl R, H 2018 AR 4Ed . B R R—
P& —Ht 7 R B E] 220 KV 2% AR — 5 —2
P 220 kV £ % SR A 400 mm”

= R E BV R b DX B R )
LR I e TR FR kT % H )% L & 220 kY KD
T HN G, 3T H R 2 B I TR A G, A AR
WERL B T4 40 1) i R fL I 4 SR N - 1
B 25 s A7 3T, A G He I 2 B i 2% 0 I 25
TZLPEA B AFR R 2) LT R A AL
500 kV FHEAS FEas 25 533 ) A2 220 kV/500 kV 2§
B i RSB S RE TR AR,

2018 47 )1| VG R X A B AR ) (7 A% UE) BT
REJR (XUHL L R BHBE DGR ) B2 4 300 MW,
2018 AFETEAH ) L I AR T AR 45 SR bR B < Ry il 2
D1 VG e BT BE RS Y 1 220 kV K L FH R 2 e fa e
BT CEER AR 2018 AR Fr g i i b S S i v
D422 20 S5 1 LA B P O i FL B8 0T R/ DN 2 L DX R T
(UH + KFHARIEAR) FKBIZA 2 000 MW, A7k
W29 1400 MW 75t 477 PR L XURS: o
3.2 2020 &£ JIIFREF 220 kV B EEFEEMGE

B 13t H e IR B IZ RN 5 4

F T W R S AR 1) 2019 AR R
iz 1 b —V P04 R i TR 52) Bl re
TSR T A S — A% — JRI AR 2 1] 220 kV 4%
o 2020 4 )1 PURg 500 kV K DL r R0l & anf&]
1 iR

#1 2020 AE U248 A KR (B 2 AAE) B
RETR (AU LK B BEGAR ) 82 4 i 78 5 B AL ASE
24 6 400 MW (XL 5 000 MW + K BHAEYER 1 400
MW, e rboh )1 P R (B Ll ZEAAE H R ) Hb X
WA B (& TR Froe i (XU 4 400 MW +
KIAREGAK 900 MW ) 25 & 228 5 300 MW, I

. 50 .

2020 AF-FRARAY HL R R AT E T 4 R R I, i X
BrRETR (AL + K FHAELIR) 5 A PY R 220 kV K
AL 3= R J B A T S H R34

4% ip ~Zrs

mﬁmﬂamfzm-

o F
‘PR FE P800k ELL
[T --{gq:.glmisookvﬁ'ﬁ
i
b
— P — EERRRAS
_—@— SO0KVEE s 35 R 086

T4y ZA

1 JIIFER 500 kV B L _EE R
4 %5 iE

“o =R A B BT RE IR A B, X AR
FEDUIAE LR S R I 23 ik DU 1| 45 5 XA H R B
PRIBCHE 3 4507 LA A 45— 5 B BB A 5 (ER R
=R AR RETR (XU DEAR) iSRRI AL
AU, — 5 THT B 32 A 48 B AR v g s A s ) R/
il 247, SO U AR (147K H =2 300 5 7K R KR R /N
IR 2R 5 75— J7 1, LSBT RE DU ™ i e &
REA A E 752 B I B A L RE 0 . Hrp
2018 411 74 B ML A 5L 45 9 788 8 BE DR AT A -
At SIS BIR P XS 5 Bt 2019 45 1 [l b — 7T PG
JE B TR R s, = RN Y
— i A UL 0T R IR L™ i, LB A Ak
ABEMUA %

S 30k

(1] P Bt S A RS R. U148 B L A
FEHARF5E [ R]. 2014,

(2] EMPE SR DA =07 B R R R L) A
R [R].2015.

(3] EMAC PR ARBITE B, [ H AR 0] 4R A1 7
BT BE A BR A B HE R —IT P8 + 800 kV HEwE
JE B TR AT A [ R]. 2015,

(4] EMPUI2E T2 A 2016 4F P9 )i 9 32 47 7 X
[R].2016.

EEREA:
MRt A (1971) , M+ HIBRA SR TN, AF L) Z

GALR) B A R IR BT R TR,

(75 HHF:2017 - 11 - 15)
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TR VKE TR H B

(VYRS BB BE A FRA AL DT BB 610021)

B E MR THLERFEIRATE FRAFEMEX MM R, 8T BT E A FRERTERG—
BB, BT AT ETFRFEGREE AL A 8yl Ttk , TR R FERM B kT HARSILA
BRI TR AN ERAN, AR A Rk,

KB B UKE ;L I P HL UL 5 T s e 2

HRESHES TM7S  TERERE:A XEHS:1003 -6954(2018)02 - 0051 - 05

Prospects for Application of Anti — icing Technology to Conductors

Tang Wei, Lang Ming
( Southwest Electric Power Design Institute Co. , Ltd, Chengdu 610021, Sichuan, China)

Abstract : The relationship between the icing of transmission line and the structure and material of conductor is described. The
research progress of anti — icing conductor at home and abroad is summarized. It is urgent to develop the research of anti — ic-
ing conductor in China. And using anti — icing conductor in the heavy icing area is an important complement to the design of

transmission line, which is a relatively safe and simple method.

Key words: preventing accumulation of ice and snow; conductor; critical current; application; prospects

0 51 H

K P R B R 7 DK R PR I A Y A
11, BB S RING B, 5 T EUEIE W, (i
B T B BRI, XF L T R L A ia T R
FEEEE . ER R LA R F R E K
— ¢ 2005 AFAE B IX KK 2008 AR 5 4 X R T AR
VK 2017 A7 Fp il X i r 2 B SR s 4 0T 214 L 1Y)
TR RBIR, 45 H AT A S MR AR TR & N T
A g R AR, DRI, R B A UK BRI ST, O K
LIE 0G24 s % NP E KSR DO N R Y iy
FIAEFRTT I , E O — A E 2T 500 A PRAR, X4 e
B RS % AT A AR AN E

At H AR, BT RS I SRR ] , e v 2k
FLRBTIRT A X R LT LR A

1) ZeFARRDK - (i L 4R AS B sl 4 5 1 A v B
22 3 T vk ERAL o

2) PR B vk« i ol A L ™ AR IR B, S BB

UKETH A

3) A 2 R UK < 3 A A )2 B B 2 4
Hay, B LR , IR A3 5 I e 23K T

4) PRATAPRHST K < 108 1 A 5 2 3 I U B 2 A
BHR G BT 11L& 0K

R H AT E AL RS SR BRI R
PEAT T RO A R TR B BB vk S S LN A
JEITT 1A

1 ARSI

[ L AR ] GB 1179 - 83 (4L
LSRR ) S GB/T 1179 —2008 ( [5 £k AL 42
IS L) R RE B A, HA B A s AT
it T 226, (E phy T e rp 22 2 B B AR PR e 2 il
Je B2 [AEAEAF AR BOR B SE BT | MR 773X L6 ZE
(U A 7 K PT LA A A R B e Sk 3w |

XFe, [E AN E AT Kt Z B2 AR T 2R B oK
TRL, CRALEIHEMIzTT . P 2006 44 A
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F1 AEKXRSLZBKRELERR

LER VKRBT vk / (kg + mm ™!
s S o AR (g - )
/mm 10 mm KX 15 mm pKX. 20 mm pKX 30 mm #KIX. 40 mm KX, 50 mm #KIX
JL/G1A - 400/50 27.6 1.063 1.807 2.692 4.886 7.645 10.970
JLX/G1A - 400/52 25.1 0.992 1.701 2.550 4.674 7.363 10.617

T ERFEVKE 0.9 ¢/cm’,

T GB/5 20141 - 2006 ( BULE[Rl.0o 42078 F 48 ), 4%
HLAE) ZAE 2008 ARRF KUK G , BN K 13X 1
i L, T KRR S AR T R O W R RN Z
S BRI RILE R L& T2k, KRN FAKE G, 4
(A5 o %, SRR I M, T LAk /N kAR
LRI 1, 1B 7K KSR 5 R L
Fein, DT IELE T 287 VK A A ) 5 5 FL7E AR IR 45
I A LA 4R B AR 10% ~15% MR s T 5
2k A VK S A FE KR IS i Sk R
LRL AR LA 1K 2,

E2 BS%EN

43I GB/T 1179 —2008 { [B]4; /] 0y B 4 28
2) S GB/5 20141 — 2006 { FIL [A].00 ZL R 25 R 2k)
B v 326 %t AH 7] 45 K T L 25 A AH IR Y JL/GLA —
400/50 4N AR AT LR 1 JLX/G1A —400/52 B2k 454
BB 2R X HAE AR R oK X (7 vk R4 T3
W IHRSE IR R 1, R BT BT LM
REFEFEXT S VKBS W B ATIE T, B S5 AT 8%
3 G e S5 A B VK> T 29 3.2% ~6.5%

BE AR, MR A7 DROUL I N6 & B0, 54 7 vkl fR
LR h, BUR e AE LW WY i vk el il S | J5
FEVKSEEIERT i 28 A, B vk R 5 4k
SRTE PN KT HER, (S LR PR TG i FE R
KA K A AR PR RN, AR
A 3 iR, RAEE KSR S X — & R,
AT A S ERHESN 254, vk [ T ve 2828 7 1Y aero

.52 .

-z BB Q2R R T AR, v] LA/ N 4R
AR , M o A Kl R A 2 R A SR 5 o

L
R
+= 2
S oY)
® ®

B3 BAIREESLRANLREIRE
25 LTk, SR L 254 v e R 4 SR
EINVUNT NS &2 AER I T R R ki R e = sl
AR UK S T i BAT L% HATIZIEA CAE
[ N oh 22 2k i L HET SR AT, B —E Y BEH Flia
(Rl

2 ALK

2.1 MRSk

LRI el A P R B R TR R B RR
PR HUBR: RE A B9 40 22 28 ) T ol ) 300 B BR R
WEHHERL, FLAVRE AT 70C ~
80°C s ML VR & 28, th Tl A w40
HAS I T B R A AT, B T AR A SR
i FCRETE A0 Il L T AN RRAR AL 55 B2, Hode
VFIRE Al Ik 150C

F2 rp LR 2R i i A — B 2 B R T
Ve LA, SO0 TR BB 3% IR T2k AR 1P 3
TR . X T KX 2R R TN T VR & 4
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FERJE  H P AV IR BB , B AN
KLk AN A SR LN LA E R,
T/ INFESE VK AU 2, AR BRI o, I A R i 4%
BE s AR A A | FLBH AR Y F BB AL S AR G 1S
H T VKX X B BE R0, ARG A H R4 2 1
INARZ I ELA T AR B T AE G 77 B R, S0 TR P
G4 PRI W LR R, R S i v H K A
Sk LRSS il S R 25 vk sl R e > S 2R 7
UK ATRE . R AN GB/T 1179 —2008 ( [B 4L 7]
LIRZS L) bR 43 e BEAE T ] 500 kV £
Iz % F ) LG - 500/45 08 58 48 2% . A3/S1A —
523/68 SR A GBS T RBHE A B JGONR-
LHX/EST - 480/90 . NRLH60/G1A - 300/40 , NR-
LH60/G1A -240/30 F4.e8 it #4440 A 4 g 2tk 47 L

B SRLSHILEK2,

# GB 50545 - 2010 {110 kV ~750 kV Zizs k4
RO L) 45 Hh B B R A 2O, 4% T2
AR TAEHL AR O T LR TR T A 2R 3,

M2 3 A LAE HAHFE R RGO T, iR &
SREM TR LR UVRREZ S R 150°C, A
TR P SRR BRI | A TR AL R (R
&) BERKFRAR, 353 EFERIMAR & & R 28
AL 500 KV 2RI BRAfTIA A Y 20K

PR VIOE LB R DTST , 520 2 VKA <
ZINZREZA 4 5 M2 R (T,) G KU (V) |
23Rl v KGR EAS (MHD) (28 Pl s K
HR(LWC) . X 4 FHARI ARG HE T FLE
VKT TP OE U IR AR LR 4

R2 BESYE

SR LGJ - A3/SIA - JGQONRLHX NRLH60/ NRLH60
500/45 523/68 /EST -480/90  G1A -300/40  /GI1A -240/30
BBA4E) 48/3.6 54/3.51 25/4.94 24/3.99 24/3.6
(A4 WA/ mm? 488.58 523.00 479.16 300. 09 244.29
2L/ 7/2.8 7/3.51 7/4.1 7/2.66 7/2.4
R 22 4R T AL/ mm? 43.10 67.80 92.42 38.90 31.67
B fZ/mm 30. 00 31.60 28.82 23.94 21.60
PN RE R/ (kg - km ™) 16 880.00 1974.20 2 046.17 1131.90 921.50
HEPTHLF1/kN 128.10 239.26 246. 44 92.36 75.19
S HPES G/ GPa 65.00 69.00 76.83 70.49 70.49
SR PR REE ( x107°/°C) 19.30 19.30 18. 40 19.44 19. 44
BEIRHE(20C)/(Q - km™") 0.0591 2 0.064 3 0.066 83 0.097 75 0.120 07
S/ mm’ 531.68 591.00 571.58 338.99 275.96
*3 B&RFEEFAILERE
W TR AR
MW N |LGJ - A3/SIA - JGQNRLHX/ NRLH60/ NRLH60/
500/45 523/68 EST - 480/90 G1A —300/40 G1A —240/30
540 164 55.0 55.3 55.0 54.8 54.8
1333 405 60.0 60.7 60.6 64.0 67.1
1 800 547 65.0 66.0 66.2 73.5 79.8
2165 658 70.0 71.4 71.9 83.2 92.6
2471 751 75.0 76.7 77.5 92.8 105.8
2 741 833 80.0 82.0 83.2 102.8 119.3

TE 1) FREEIRAZ I 40°C 52) DR RO 0. 9553 ) b 500 kV AL IR AFEE, B lml = A1 , SEAR T2k P07 255 ik .
x4 BIKEREH

KR s V/(m-s™") T,/C MVD/ pum LWC/(g-m™)
T Ju 3~20 -5~0 10 ~40 0.6 ~3
i LI 8 -2 25 1.25

A SR 1~15 -3~ -9 5~35 0.4~2
R SR 5 -5 15 ~18 0.8
it Bl 1~10 -10 ~ =25 1~20 0.05~0.6
i RN 3 ~10 10 0.3

.53 .
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x5 ARNFREHFTREAEANIGRAER

Il B IR/ A I P s/ (A - mmfz)

FLLAG

[GERGA REw 2N [ERGA HEERIN i
LGJ -500/45 494 693 887 1.011 1.418 1.815
A3/S1A -523/68 476 669 857 0.91 1.279 1.639
JGONRLHX/EST -480/90 472 663 847 0.985 1.384 1.768
NRLH60/G1A -300/40 375 524 670 1.106 1.546 1.976
NRLH60/G1A -240/30 330 461 589 1.196 1.671 2.134

B4 4 I SR RT DK R AR, X 5 R RN

BN, BRBERT L AR R REA AL, B RIS

PRI R A T T SR L 5T

AR S W LA B A KR AT T A
Aa AR I A R R /N T AR (R
) L, P R T AVER A < S ST 119 D/
Il 5% B, R IR AE U/ o NRLH60/G1A - 240/30 F:2k
TE R B0 Bl 5 L A AR 5 5] 500 kV £k
Bt — JBCIE R A 1 000 MW IRF X Rz 4 0 73 524
LR T LM TAERLI 300 A H2i, PRIH7EA ZR
TS A B 3 b B KR B 1R R
LEEAR i SRR YT PR A AR 2
HoAts 2L B vk =S A, T LA Dek > S 2 2 DR el fif
PR, HIAER A & PRTERENSHA
LA, Has A7 mi e s AT FR AR, SEPR T
ISR R/ MF 2 A T 4 5 TR Tas 471 O, 23
& R A B S A2
2.2 REESkui#

BREEARHR Ja LSRR 1 AR L B
T RE LA I, BRI 7 o 2 8 17 , 3% B R RG4S 5 T A
i HL 3t B L B R R 6 B A 2 I, SR BN I
AR o BT RGBT R Bk (Fe) R (ND) |
Bili (Co) , Pk (Fe) Y HLIREZ Dy 1 034 K, 85 (Ni)
Y J BLIELEE O 627 K, %G (Co) By Ji HLIR O 1 397
Ko i (Co) AU BLIJEE w5 HLA K 53 5, R I H A
Wil SR TR ER & 8O BRIEATRL, o BEAR R B 5 &
A HLR R, BB (Cr) (R (ST) JTER, HM Fe - Ni
— Cr = Si iR BERRE & S A0RE . 2R JE HL AT
LRI, 52 L, HER R iR iR, &
IR E L TF, AT DL ok el S S R A ok JF BLAE
Jo FEL IR LT I, 7R SR L R B — RS L Bk
T AR A % 17 5 B 3 ST LR i i A 5 4 R UL Y

.54 .

e 25 BT 68— bR S HLASBRBE AT R R R R
LA P DAL I e DL P 4 It 2 kA
B LR RE DAL b R A, e iR D
AN R HARAEAT X IS 22

30

25

20

BREEAT R 2% / (W-kg™)

o 0w 1™ w0 20 30
LA /A
B4 REEAGHMMBERINES
S&AHmBRMEFE%
W5 2 % %% LN — ACSR — 940 4548 42
L INEWGE AN PBE R M B B AT T R L
B, FEANZ YRGS REL 5 T P A, Hd Al
YT RRELR T ER AR A, T — B R AR
R SRR S AR LI 5,

—O— #ilLN-ACSR-940%
35t gl T

30r

Calorific value / (W « m™)

80 100 120 140 160
Current/ A

BS BERSEHRENXRHZE

0 20 40 60
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e [ A A R R E & AT AR A ik
R, He PP 3 [ 2 33 oo W R R R AR (N S
8 G A T IR, 0 o Sy 3 3 | B
R N T SRR, A2 T Fe Ni,
Cr Si PUFNICE B & SRR C A S ™
B DA MIE AT IR I B SRR

M H ATk #E A B R Fe (Ni(Cr Si 0K,
JERE R T R, i3 T 2052 4% 5 ] P G Rm A e ) AT
FERAIXTVE 5, B AT A R R A R B I
1E 60°C ~80°C Z 1], fifi 4k i 76 A 4 B (R E A 71 1
T ARREZAT K A 2R B ARRE RIS I, LG Tt 5%
hE A, BT ENAMUAT R R, R BLRE S
A 1 R AL IRC 7 1) R A AL R A L R
R IAR R LRGBS R B vk 21
Sebt,

3 WREME

HR A 3 VKOF LR, 6 VKO 28 S iy ¥ 2K
THIE LRI URG IR R SR n) g i . Bl 7E
LR TIR BN KRR, —J7 T D RS TR
2 B ARG R 7 5 55— T A e /b i v A KRR AR
LRI AR SR, DT B UK AT ORI T

FEN TAUAAAE o R 4% R G A K
T AN , X [F) Aol B0 B 22 23 A ) 23RS O B
DIRFEERT T AR, 1 R W R R SR T 5 )
PR BGR , B7 1E 55 B 22 BT DK ORI B, %t
I R B AN ) R 2 T K R L LI 67

400 —m— iRy
[ —e—RTV iREHHL

- —a— PTFE i EHH4
L —y— KRR

BT /g
™ w
S S

—
[=]
T T

o 30 so
7 VKB 8] /min
BE6 AEAMRLERMEBEKREEKEBER
FHVE L BB K5 Uk, — T T2 AT A 1 3
& Tk, I3 — 5 T SCEA BTG e THT 5K 7 RV 7Y
BEIKME , FHAERFANE S B B SR 55T HA Rt
AL RE s | 5 D) A Uk K 25 R I i 2 T % )

A, AT e A K i TR kT S ok
BRI, H AT BT BE AR SIS R BT KR
o> PP K TR R, AR HUK PERE R IR B T 4
1o R (B BR KSR AT BROF AR 35 26 1 T ke A
L EARRAR K 2% AR G0 T, Bl vk SR 1
ANERAEL DR TRk o SO A S5 4 e 5 | IE
B8 RS T 25875 ik A i — 2 B F
Tk AR KT kIS H A s S W WA o

4 45 ik

IR F AT LB RS BRI AT AL T A Bir
B, i % LR G R R IR R T
R A T AR R R I AR FLER G AR A B
K B UK LR B, LB UK BRI S
BB BUGWI L . @i DA EJRBFESE , g
1R 2R BT VKB 5 B8 ) 5 TR 4 i B K B EAT
HEMSHEFMEEE Lo A IaTEIIER EARSn R
BATE RGeS TR R WA &,
X LAk AT T B T DK AR B A BT B AR TR
Wi, I i — 24 K X AR B B 22 e, B Ris AT 4E
FHYHERE

S 30k

(1] ¥R, S0 G 2 B vk KB vk [ M) dE st
FL 77t R, 2002,

[2] XM=, R FEBKG KO SMAM]. 4t
ot P EAGE H R, 2001.

(3] A RN 7 3R G0k i 2 T vk B vk AR AT 5 3k Jre &5
W] HLE TR ,2008,25(7) :72 - 75.

(4] 2SR VUMM, PhA BT, 55 AR JE BL s e b0 R
FLZ 4 7 oK v o7 T R s A A (0. e O L R
2008,2(2) :19 -22.

(51 MpKEE W2 . A el 2 [ Bl 7 Pl S el O 2% 32 00
FEFIRFSE [ T]. W28 FH ,2009,28 (4) ;72 - 76.

(6] VEMb, 2200, B £, % RKIR 2022 R m
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1 K I8 TR 2 iz 4640 2 R PPL 46441 2%
0T P 0 A 2 T

O &Rz, RK%E
(g kit Be, Widk 2L 430071)

M E:HE7,500 kV 3R A R X E R B YA G AR 2 2 AR X R RS PPL sk Tl
W G AR TR K E T, TR B GAMBER FETRA LA E R eBERE S H5E
HE#AT RS, BB TR NGB LR BRLGEMA R 2 F LSRR RSEER X @R FIhs
M RAHAMEBNG AT AR R Bk, R A DA AR FE L4k,

SESRAR) M RN 5 A ST IS LB 5 2 S K46 5 PPL R4 25 s 40VRE s R 285k

FEASES . TM21 XEFRER:A XEHS:1003 -6954(2018)02 - 0056 — 04

Technical and Economical Comparison of Submarine
Oil - filled Cables with Kraft Paper and PPL Paper Insulation
in Hainan Interconnection Project

Ma Ling, Zhao Yuantao, Wu Qinghua
( Central Southern China Electric Power Design Institute , Wuhan 430071 , Hubei, China)

Abstract : The insulating materials of 500 kV AC self — contained oil — filled (SCOF) submarine cables currently consist of two
main types: kraft paper and PPL paper. Considering the huge differences between these two types including cost, insulation
performance and dielectric loss performance, the first investment, annual operational cost, application experience and safety
stability should be taken into consideration to make a final choice. Taking Hainan interconnection project for example, the per-
formance and differences between these two insulating materials are introduced, and the technical and economical comparison
is carried out based on different armour type, return conductor structure and reactive power compensation, etc. , which may
benefit other projects.

Key words: Hainan interconnection; self — contained oil — filled ( SCOF) submarine cable; kraft paper; PPL paper; losses;

technical economy
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500 kV A2 F, vl fa] P e 7 Y05 i M AE 5

= L ENE L AER B L
(L. P A s A BRITAE A AL DU #HR 610041
2. [E MY AR BT A 610041)

O EATwNE500 kV Bash, WA T EREEH>ANFAIKER B FRAEFE R, R 2R L3475
Mo R AW, KA Cadna/A bk fore 5 SN EAE X H e F 5 ER DA BRI, BRE &R ERARES L
ERBAE T MR B RERE RN, RKEAAILH 0.9 dB(A) ; £E F3(L<5 m) KBk F BMR%, @EL K,
SR IR R, L(FEERIES ) AR A, B RS KB DR KR ARB ER SR R B (L=35 m), & R IR
MAE—, B EBINK B IMEOR A BB R AR, ML LRI T & b shek B TP g B R B £ R, A
FARGR 6925 5 & 5L,

FKHEIR 500 kV AR ; AT ; RS YR ; 00 5 Cadnas/ A

RESHEE . TBS3 THIRER:A XE4E:1003 - 6954(2018)02 — 0060 — 03

Study on Attenuation Characteristic of Simplified
Noise Sources for 500 kV Substations

Yan Qing', Tong Ruyi’, He Qinghuai', Chen Li'
(1. Sichuan Electric Power Design & Consulting Co. , Ltd. , Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract; The main transformer is simplified as a volume source, area source and point source respectively to analyze the at-
tenuation characteristic based on a 500 kV substation in Sichuan province. The result indicates that the calculated noise levels
of software Cadna/A highly tally with the theoretical formulas, and the difference among three kinds of simplified noise sources
at the same distance is as small as just 0.9 dB(A). In the near sound field, attenuation rate of volume source is the slowest,
the following is area source (L<5m), and the fastest is point source, so that the sound pressure level of volume source is the
highest, the following is area source, and the lowest is point source when L ( distance from the source) is the same from the
sources. However, in the far sound field (L=35m), three noise sources perform accordantly in terms of attenuation disci-
pline, and the sound pressure level of point source is the highest, the following is area source, and the lowest is volume
source. The divergence of simplified noise sources is explained form the mechanism, which is highly instructive for substation
noise prediction.

Key words:500 kV substation; simplified; noise source; prediction; Cadna/A
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35 46.9 46.7 47.1 46.9 47.5 47.3
50 43.8 43.7 44.0 43.8 44.4 44.3
100 37.8 38.0 38.0 37.9 38.4 38.4
200 31.7 32.8 32.0 33.3 32.4 33.8
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Structure Analysis and Characteristic Discussion on Main

Distribution Valve of Hydro - turbine Governor

Zhu Tingzhong, Cao Weifu, Wang Liping
( Dongfang Electric Machinery Co. ,Ltd. , Deyang 618000, Sichuan, China)

Abstract: The working principle of main distribution valve of hydro — turbine governor is introduced, and their structures and

performances are described by classification as well as their differences and influences, which will give some reference for the

type selection of governor so as to promote the healthy development of governor system.

Key words: governor; main distribution valve; type selection
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Damage Analysis of Sichuan Power Grid in 7.0 — magnitude
Earthquake of Jiuzhaigou and Processing Measures

Han Xiaoyan', Liu Yang’, Fan Shaojun’, Cao Yongxing®
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;
2. China Electric Power Research Institute, Beijing 100192 ;
3. State Grid Liangshan Electric Power Supply Company, Xichang 615000, Sichuan, China;
4. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: The seismic energy is powerful, so it has extremely destructive force on power grid. On August 8, 2017, a 7.0 -
magnittute earthquake hit Jiuzhaigou County of Sichuan province. It made great damage of some important equipment in 110
kV Jiuzhaigou substation of Aba electric power supply company, which caused the total power loss of the station. The relevant
geological and grid data in the earthquake are collected. The damage of important equipment in Jiuzhaigou substation caused
by the earthquake is analyzed. The influence of regional geological damage around Jiuzhaigou substation is described by satel-
lite remote sensing data, and the vibration isolation and shock absorption measures for the important equipment are put for-
ward.

Key words : earthquake ; important equipment; satellite remote sensing; vibration isolation and shock absorption
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Research on Low and Zero Resistance Insulators Detection
Technique Based on Infrared Thermal Imaging

He Liang', Liu Shudi*, Zhang Yu’, He Yuhang', Zhou Dianbo', Yao Xiao'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. North China Electric Power University, Beijing 102206, China;
3. Hinner Technology Company, Shanghai 201315, China)

Abstract : The voltage distribution and heating power of insulator string are analyzed, the spectral characteristics of infrared
thermal imaging for low and zero resistance insulators are summarized, and the infrared thermal imaging technique is proposed
to detect low and zero resistance insulators. Test results show that it can judge the insulation property of insulators by measur-

ing the temperature characteristics of insulator string, which can effectively detect low and zero resistance insulators with high

work efficiency and safety.

Key words :insulator; infrared thermal imaging; low and zero resistance; temperature characteristic
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Overview of IED Data Application in Substation
Relaying Protection

Jiang Chen', Ji Lijun’
(1. Chongming Power Supply Company of SMEPC of SGCC, Shanghai 202150, China;
2. Shibei Power Supply Company of SMEPC of SGCC, Shanghai 200435, China)

Abstract: The characteristics of IEDs in smart substation are analyzed, including its general object — oriented modeling meth-
ods and processes. The application of IED data is generally summarized and classified as well as the application method and
process, which consists of carrying out faulty area identification, fault location and automatic analysis of substation events by
using the algorithm and data in IEDs. Specific data transferring process of IED is also analyzed. In the end, on the basis of
wide — area relaying protection, the IED data processing program with on — line adaptive adjustment and automatic analysis is
proposed, and its future development is discussed.

Key words:IED; faulty area identification; data transferring; wide — area relaying protection; on — line adaptive adjustment

PEEL G A A 3% L (phasor measurement unit,
PMU ) I [ 53¢ 5 3 T A0k FL (R 4P 2 R A 0 i s
HEAEINRE EAFE S, A e — E R b o 3 Al
T AL AT AN AE PR SE . SCRR[ 1 ] St —

E1—

24k R PR PR DR B R 0 22 4 ) 28— TE BT T

TR RSl FE Bl LA R 0 e it 2 7% 2 3
3 BB A fre 20 R i R A A kg, 7
SR ALIEREE T A4k L ORGP A B TR, WF 5T
R R P RS TR A i e o 2 S B, ST AR DR AP T S
ERFITTERT . AR, BEAE T Sl m] 20 0 e A e AR
FL I B R AN T A A TR, 4% R R E HEL T st A LU A
O 3t 22 B RE AR FL i v S AR Ry T A4k PR DR 1R
REPRAL T RAFAYS2HIL,

1T H vl AR A Bh AR08 2545 8. 23301 ey
.76 -

T =8 (RE 8 B QU il £
Die IED WySEBTr 58, 2 Ui fE TED il i 5 B AL A
DAL A Rsi b M 4 dH, 32 w5 BT R 2R
M7, PEBEIX AP 22 D) BE TED J5 SNk i e X R L
MRS TR S A S T A 20K . T2
AE TED e ZRh S RESE 1L, BT LA#SA~ Zh RE 8] A9 L 5 7]
U ZAUH TRA RIS

H T IED BB MR AL, HRZ K A AR
"R AEARF B  TEC 61850 [ Frby v i A5 A3



41 B2 4]
2018 4£4 f

MmN B h KR

Sichuan Electric Power Technology

Vol.41,No.2
Apr. ,2018

VISZHbff s 7 e In) 8, SEBE T Z2Fh IED |9 B 4 bk AN
—Htk . TED AT REANIRAS WD |55 A | i o
(L 2 W 5 858 H UL B e E R il . IED B
FEAUEAE S IE B8 238 B IED Z [ Ll K& IED
HEhrh O Z B HE B S 28, FELHEAML
LT SR LU A TR )R T
B M VS R B AN 2% T AL E ST
PEARRAUE T A WS SR E S S I i
I R 5 e 15 L E A S B2 IR R AR S
S AT IX L5 55 AR S DUAR A% XA % A2 TED
HIEHEIE R o A RCR AR STk BB X $it o 4k v
TRy AT AN A 23 o T M IED 5
RUGENT A8 H OR3P SR A B ) Bk L R P b TED
BHRAGE SHCE 3 DO SE TRk, /0 & H AR B%
LR RIS B URIHE 2 0T 48 I, AR R T dE—
A Jr A ROR T TED $504i (9 75 12

1 TED #RAY g4 AR

1.1 EF IEC 61850 friEfy IED fE B 3 57

SCHRL2 -3 ] T K FHReE TED %28 i g
FERE R, Foh, BT TEC 61850 F o (1% 5 i %6
2k TED BT R G i ik Ze D) e 3% R TEC 61850 &
SRR A X R s LR TED EAT 0 A B R
ST RE B AR PRI 43, K 2 U TR (1 B AR HE
T W 2 AR 2 i, Rl i AR 22, T LIk T dk A
Bl A K R ARSI, % SRR 4%
LR IEAE R — A2 A PR B B BB R Bk
R, T I 3 B 2 B 1) T ik o SRR R BE G T A
BIUA, AR e R T RS T R
GerlSEE . SR, {5 % TEC 61850 JyRESM 245 |
G5 — X G AU G458 15 IR 55 35 1A RE AL, X5 35
HL I 22 SR B HL I A TR, b sl
W22 B R AP T B S YRR S AS TED BB
VEMER OGS PTAE . 1 1 R TR B R AP e BT 42
8 AR S A5

HI P 1 R #e By Re el o3 T, o — A~ LA
PEFAR LA DI RE I B — AN B 45 52 45 v, B AN AR
JUA BRI

519 BT BT AL B vl 1B AT D RE

23
(Server)
@ &ﬁ &

ENBNERER FXRIERAR mﬁm z&sa FHERIHEE
B W) R ) &)
i 9@ Hﬁ A ﬁ*m snrzeeyflail ) VWL
iE QQQ%&%@@%@%E%%ﬁ% i
T L £ R mmmﬁﬁ&ﬁLLLﬂMW%Iﬁ & e
T rrrRnEERked 0 g2l
B3 % f-E-2i JH gytt

IREERRERR Q

]

Bl BEELBREPHRER

1.2 IhgEpA% IED A 37

Wl L) R GRS R W R TED 20t A
REHEI, 3R T B AR 22 1 TED BUds 75 2203 2501
A A PR [ R T — LA A R S R S E Y
S o D) RE P AR ) 7k e R ) R G AR AP R Bl
SEHERTMEAEZEEN, BatE NN AR Z
FERR FUREXTRIH IED kAR HL ) RGeS, $2
R GLVERE M2 T 1IED AR B aFse, SCEk[4 -
P45 IED, LW
A RAE A 53 BCIE H TR AR 3 Rl il A=, By
AHOCT G 1 T BA P A0 2 30 3 3 5 15 T A3k 4 X
(1) 1ED , A %50k T 5 —A> TED iR R 41 75 H:
i —ABILA TED A SCSIE (R B S350 1 i TED
RAEATER A, 55 B9 U5 0 0 2 RN 25 19 20 A
N HER T RS s TR RTE MR E. B2 T
AP RERH S TED () AR 7R

‘ i 4 T E TR A TED |
iﬁWﬁ
‘ IEDa (L& IEDbII{EB)D |

'

‘ RETRER |

IR EOR, K& (%, FLILIEDbETREH
BRANE

‘ B E R A B |
‘ S, T A ‘
B2 I[ED mheeAIpifs BiRiE
b 2 w2 TS P S B A s R R B
MM BRI &R AR 4, DA a8 T 1EDD,

A G R IEDD fiR 3l , A7 A0 S R 2 3 i 1
<77 -




41 B 2 ) W AR Vol.41,No.2
2018 4F4 H Sichuan Electric Power Technology Apr. ,2018
M- B 1ED 1323 TED =058 Jl At b H U 5Lt R P, s B R 15

1.3 EF IEC 61850 FY T B3 /5 %% IED &3t

BEXTORAP TED 25 8 A B e Az SR (41 0, Sk
(6] #EH 5 & IED M, A5 sk Z 40 H ]
A b ESCHE RIS ) i 2R A BRSS9, 17 TEC 61850
(447 TED {5 8 <7 78 DL I LRl 10038 155 X 4%
SRAEH A TED A8, B RALSEER) 383 Bl Y 0 54
Pt R S MR A . 54 TED A
AR ) B — R R A T 2R R T R AT SO
TS BESG £ TED, MR 4% B AR S g2 1715 0 A
SNITE 5 & TED iR ) REE. J54 [ED
FI T A5 4% TED W A9ECH | ] Lk i
IED 424t /5 %5

Jei £ TED #ES7 A ELR 143 7™ 4% < ffi F SCD 3¢
fFF 1 SCL 3Lt b i (4 TED ; ik Gy B )5 , fRAIE
FRSIa AT ; B A77E L vl v A 4 R 4725 R A Y
ST E B MIiEE. Hob s 4 IED i fr i
KA BARK 5 % TED Ja 8h— A~ BT aE ik 42
DA [ 728 B 3l 1) SO AR A O S 1 I A i 2 23
S B NS Z AT, 5 A IED — FANF RSOk
BRI AT SR s MR SO | T S gk
HUE BIFVCECEE , $ATXHRCRR TED (45 %% s
IED B 5 J5 , vt 2 &k B A5 B IAHG & IED 4
ST AR AR OR F EBR AR IR T A Z i f5 & 8
YERIARDCAS B B A LR, JG 4 IED [\ 201 iR 2,
W25 75 5 415 B o XFPUR % TED (940 5 1
FARTEEYPRE A A 08> T R4 e 85 st ], (A
BURPRR R 2R AR G0 0 SE I sh A e A AT S
FTLART LA ERIHT 2 56, o B R )5 & TED , 3t e il
H e FEL AR AL = A AN FRE T o

2 IED H Bl &S5 BN H

2.1 HREBEREREHE

SCHRLT ]8R AR RS (5 S AT C 34
(ELSR S 1 7k SEA Tl e DX 31 3 031, ) P 4 i Y g
L2 B (TED ) SR AR AN 9 PR3P S 115 B, T e 4
AREE LA, I LR 45252 TED CIRZSE AR
RICHII G, 58 T R SHR TED f) 35 SRl eo0
1 1IED P2 RIR A —2&, [ 7 1] IX AN e TED 152656
HRAY T —o SCRRES TR ) St W) 73 e
GEK SR XU R GE R AR L DR3P, BECR ) SR
(S /aRAITE S LN Ay BRSNS T

- 78

B LW R A E BRI RE W R AT
UIfe E L ECIPDIRESE . M T TR B MR
RGP FE , PRAP X G AR A A <8 o1 R vt
ke, BB TED S5 55 T 225 B
2.2 IED A ELRIEE

SCHRLO TR T — P 38 T 77 ) EL AR B 1) ) 3k
AR HL ORI STl N B R Tl e X
o () — RV #8 5 ] T SCHR R R, I3 st e B A4
MR . SCHRL 10 ] 48 Hh 25 7 50U Zh 3 05 ) [
BRI T Ak i AR B . MR TED By e
BV T A R KR AR N Y TED SCHR IR
R R T TED 78 SIS Py X ik A5 8
(RN =2 6 B, -4 B Tl 1Y TED 24
TR IBR AR . 255 LRCSCHR[ 7 - 10 ] Ak
SEARL, RIS 3 BRI I M, (EL A0S ) 2]
T H 5 SR DR ) 45 5 BRASGE FH T R X6 Bk e
T PRI, AT AR PR P AR R A e B0k
RUIEA 17 D % 5 1) LA 5 RS B dk el (R 3P 3
B REAT LI 3R B Sk A T A B AD i AT
DLiE a3 K R G i 15 B TR R R e e 3 i 45
BTk T3 TR 2 O R Y TR I

B ARYTEDRAA K U

T B AR 1880

AT (B FIE TR AR N R E0R
{5 BHREA

—{ AHSEREAPY f BRI TR 7 ‘

AT TEDA

{ AR

B 0t TG 3R £
DFH R IE?

SR HIEA

R4 IEDHEZ)
/e

TRIRIEER A 3L (R4 TED R AR 5
MEEE

SRIGRI PR N fR 37 TED 1) 7 B 25
Bl (58, HBE &R

B3 M#tERSEA S EERPRE




Al EE 2 Ml B h R AR Vol. 41,No.2
2018 4F4 H Sichuan Electric Power Technology Apr. ,2018
%1 THHEEESTE
3 JThEdkE R TED BiiiEfteis SEl A iz w ORER O BTBEAR  A bRk
PEIE BE R
CrI o x TERIRA
3.1 IED #i#ERI S i L L VBT i 2 o it
A5 TED (192225 O3 T 4540 TR A IR, a . = Pt , 405
TED 4 AT 0 50 A bl b i ]t 28 ®oofm Rk 2 xRS
1 RSO S BB G B TED 2R B B R R R ﬁ*’“;ﬁ;ﬁggm
TEBARAERS ST RAC IO, AERMEBAR T . o m m g
A H b 1 4 S R B e AR L TED 1 B d T4 530, W e
SRS S AT PHOR TED fefgcpaniee 0 0 F b R
RIS FE ST B E AL ER . R, Bk 2400 . . . e =R
- N N ‘ R R BT e ey
e A ahPERITA TED HifE B JRECH & R A 3K H
= A~ = =] SN -
S 4 SR T TED SR ARG R ST o
P 5 R ZA AR
= T 3.3 BERBS5HBME ED ¥iASERE
i SCHRL 12V BF5E T TED hoR [] B8 g {2 1]
| wwa | AT DI 1A, 48 3 7 25 95 £ e 2 i o
i JEHRE Al T i 4 (IED) i TED 45 £
- i SR A . LI S
A S PRI 2% (R A e o s AL R K A . DAL S SR )
———  — VRSN TED (i fr
‘ EmE] |\ mE ey |
o] [re] [P ) ) [ s
[ —— . J A B K
T ‘ 3?53 4 5
BomRsOLAMTSclE (v S1
7
e B 4uyn IRNUE VR
iy Tﬁ ' S\SJ 14 ¢ F;

B4 IED #HiEEMRNALE

3.2 H#HHHH IED #HEN A

TED {1y B Ve () R D 22 5 R 5 G0 U 1 1 5K
Pt AR At 7O, R A TED B df o) 248 v i i
T RA U1 B . al R A 3
(% TED i, BEA8 15 2 R 48 5 % 19 S A, PRk 52
P BH RSO K, SRIIE R & S BORIE T 0 3
Al S A Y DR SR, S B (] i, 4 s 3R
GERTEEME, fF TED a0 7 17 5 B0 3 B v] 75 31 <R
PFR AN OL, IR 1 IR

B 5 {RIpIED BLE LM

A S AL, 24 k1 &b A gk A MBSO TED1S
FIFF BT 4% 15, [A A, IED1S 0] IED14 & 3% ¢
A R T 25 14 45V E 25 21 el 5 B A 28R
VLB EF #8402l b X, 75 229k & fik . TED13
FIEDY ~IEDI12 5] REEMIY IED7 &%k & i T4t
NI . TED7 & b B IF 56 7, et EF #8453
S3 fikr, 4 S1 KAl , IED14 ~ IED16 K i%1KE
Bt iER 4 TED13,IED13 & FJF 36, i IED14 ~
IED16 fy S3 ftri, [AkEH, TED2 F1 IED3 [a] TED4
KIEWKE AR R, IUR TED2 ~ IED3 Hy S2 fitr,
Y k2 4b Ak TEDTO AT TEDT1 F50500 21 i % 55 437
F A5 10 A1 11 Z [8] (H5 25 10 #1111 Z A FF ¢
I 43 B %, J0 ik 1) B e B L 3. TED1L [n)



41 B2 4]
2018 4£4 f

MmN B h KR

Sichuan Electric Power Technology

Vol.41,No.2
Apr. ,2018

1ED12 % 2% EAZBk W5 5, IED12 gh{E T Wik a8 12
R, 2R TEDTT A5 0 25 4% 1A L, 4T
TR BITF o6 11, Ze5ed — 52 SE i, WF 6 2% 12 &
W], 28 A L BOF 56 11, Qi S i e 2 8 25
RGWE FIE W T AR, WK A, IED1L
T WD I B F 9, K ) TED12 % 2% 1 422 1k )
A WIT AR 12, 24 IEDLT G I B B4 1A
HLR, TR B 56 11 R BeJF ¢ 10,24 IED1T Fil
IED10 il 2] 43 BeHF ¢ 11 F 43 BT 56 10 AT 54T I
LU, 10 IEDI12 K&k H G W4, Wi s mH & L
ZPE, AT 12 R A 1 Z R E A TR RE b,
IEDI0 [1] IED7 k& %Wk &2 L d iRk, & LIFC 7, i
BFE S2 fHEHL, 54 7 R A 10 Z R LR AR

R IED Z R AAH B sh A 5 U0, e K
I R 25 i e Xk, (R B — IR SR 2 S5 TED 22 [] 9 A
H YRR AR, 3% 18 52 bR 7 2
TR

KT B2 W5 8, SCHR (13 - 14 142 W] R
MAFIFZEH IED(DPR \DFR \PMU 4§) 3f-fix A
(1A A5 5  7 9, A a8 AL 9 0 o F P
S [ B 4 e B RS T R R A R T, SCik[ 15 -
16 176 Sk b AR 3P i Ll b 04 1 TED %0k fdi )
(ARSI, 8 1 T 4 TED B 8 (5 B
SR E S TSR B B R, AR A
HER AR+ 45 B H 2R E R
PRI, A6 o i ok i 22 119 TED 2 2 148 BB AR Ha i o
A BHFFE A 755G S A LED B TR s A
fii] TED %% B 4, SC TED $ds i 78 £k [ 3 N I 4
FHRAT AT

4 45 i

S3M T TED s i A K fR O dr it AR A
N TED ot i R &0 S % FSE P 2o A
FHREHAAE i R A BLEAT TAHOG 26 .l i LA
F18 S 451 B 1 D TED v B8k R0 E0HE R AT i o
DX 3l J31) 55 85 e 5 A A K TED 7 ) Ssl 40k Ha, £ 47 450
SRS R X BRI OLRS Hh T BFFE N ARG
MERIFZR T —E I

S5 3k

(1] J7t®, 95 1T =S s 2 068 1ED #F5e[J]. f
N Z G 5% ,2009,37(22) (111 - 115.
. 80 -

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

BN SR, A A, TR, A B0 A g ol vl Rt 2
BRe TR AL L) ] i R G A Bk, 2011, 35
(8):63 -66.
FID, TR, W, 45 AR TEC 61850 bRy
A ZE S R4 TED [T ]. #J5 R 48 H 34k, 2008, 32
(2):53 -57.
Zhaojie Sun, Bin Duan. The Design of Function Block in
TED with Digital Substation Operation [ C |//IEEE PES
ISGT, ASTA :2012.
Lin Zhu, Dongyuan Shi, Xianzhong Duan, et al. Standard
Function Blocks for Flexible IED in IEC 61850 — based
Substation Automtion [ J]. IEEE Transactions on Power
Delivery,2011,26(2) ;1101 - 1109.
Tarlochan S. Sidhu, Il — Hyung Lim. Design of a Backup
IED for IEC 61850 — based Substation[ J . IEEE Transac-
tions on Power Delivery,2013, 28(4) :2048 —2055.
S R, SR T RS R AR C 2 {H
I HL ke B DX IR [ ] W A Bl Ak e 4%,
2013,33(7) :39 -45.
ZEPRDG, FRIUAR, SR, 4. 20 XU S H R A A R
GEASH SR [T ]. R AL TR 244, 2011, 31
(28):95 -103.
Wt AR YR, Bkl T ) BB PR Y T Ak
R R GELT]. P E AL TR 74,2008 ,28(22) : 87
-93.
SRV TEA R, EALH, 55 BT U D R0y ) H AR
JEERAY Bk L R AP S [T ] B RGP S
#i,2013,41(22) .1 -6.
Mini. S Thomas, D. P. Kothari, Anupama Prakash. Auto-
mated Substation Event Analysis Using IED Data[ C]//
Power and Energy Society General Meeting, San Diego,
USA:2012.
R. Amarnath,N. Kalaivani, V. Priyanka, et al. Prevention
of Power Blackout and Power Theft using IED[ C]//
Global Humanitarian Technology Conference, India:
2013.
Papiya Dutta, Yufan Guan, M. Kezunovicet. Use of Sub-
station IED Data for Improved Alarm Processing and
Fault Location [ C]//Power Symposium, NAPS 08. 40th
North American:2008.
M. Knezev, M. Knezev. Fault Location Using Sparse IED
Recordings [ C ]//Intelligent Systems Applications to
Power Systems, National Sun Yat — sen University, Tai
Wan:2007.
Weeraya Siriwatworasakul , Naebboon Hooncgareon. Con-
ceptual Design of Wide Area Protection in Transmission

System [ C |//FElectrical Engineering/Electronics, Com-



41 B2 4]
2018 4£4 f

m e AR

Sichuan Electric Power Technology

Vol.41,No.2
Apr. ,2018

puter, Telecommunica — tions and Information Technolo-
gy, 2013 [EEE 10th International Conference, Krabi,
Thailand :2013.

[16]  farassdh, sk¥r, P IR, 25, g ) R ) Bk iy AR 4 F
FERR (], ) A sk, 2010,30(5) ;125 -
129.

[17] Paolo Castello, Paolo Ferrari, Alessandra Flammini, et
al. A New IED with PMU Functionalities for Electrical
Substations [ J ]. IEEE Transactions on Instrumentation
and Measurement 2013 ,62(12) :3209 - 3217.

[18] Liu Yiqing, GAO Houlei, Wei Xin, et al. Study on New

Type of IED with Integrated Functions in Intelligent Sub-
station| C]//The International Conference on Advanced
Power System Automation and Protection, Beijing, Chi-

na:2011.
EH R
2 RB(191),#it+tH R A, NELd (fd)iEl T

2ALE (1989) , MR A, AFE G (A )iEkh T

(75 HEF:2017 11 -09)

(k424 62 )
4 45 i

L LB B DU TIRE 500 kV AR R i) 3248 s A
3 S SR PR TP PR AN R R, 3 M AN ] Ak
PR B S R I, A R R 2

1) AEANT J8 7 0 22 [ A AR S 52, AN 7% B8P
A RE BN , SR ] Cadna/ A BR{F RGP S 00 477
R RS R —E

2) ST T A5 A )1 Ak 1 MR P 7 s 2
ZEFBUN R ZEEAL 0.9 dB(A) W52 5 1Y
PR R/ 2 B T4 P IR RS DR R N

3VTELT A (LS m) [HRAFAEAL W] 2, 1A g
PR M, RO, SR IR, L AR R, 7
RGN EN IR AR TR s 18 5 T 7 3 75 3
(L=35 m) , 2% P IR LD R — 250, 7 IRAY R P T R
G EVENER L AR, P RGN R B/ MR
AR TR R

4) PRIEHY S AL T IR v, 3 B T 5 R B
PRSP, AT T T ) TR DR RN, B DR AN
(e By o A BT U, B L ME K, AL W] 72 ¥ 20 AN
T, TEMR PRS2 A B FE 7R TR 8 T AR, AT T
PR RS TR AR b L R TR, s AR
WA, AR 3 (L =35 m) (M7 TR G die /o

H1 T Cadna/A BPF LR A o oR % I8P %
Z IRV ARS8 52 W), 2P T {5 72 r 3l S B
As AT 1 A AR S n] REAT AR — RE Y 22 5, A
B B 4 7 v vk R 0 5 SR 0 L 2
P, It — SR %

S 0k

(1] TRk, s SR sh 42l TR T M]. Jbat: HLa T
Al H A ,2002.

(2] R, BRI, VFEE4E. 500 KV 75 i il i e R 1 R 42 i
[J]. PUJIEREE ,2015,34(2) :80 — 84.

(3] MRS, BOUR, AR, 25 36 T M 75 45 ol 1 25 o, 3t 1
AR BT [T]. B #1K,2013,34 (12) ;18 -
23.

(4] MRIESy, 6 Mi4EIE, 55, 500 KV 75 H s I 7 42 ol i
Jl L EWSE [T ] R S 4R, 2013,29(6) :4 - 6.

[S] &, &%, M. Cadna/A FEILI5 500 kV 72 Hi vl
7 ERBE B P R (D] B BT 5 0, 2015 (4) -
6-7.

(6] ZESCHE. T R AR oL 3 e 7 5 e S0 15 By 3 £ A BF 5
[D]. J7ZR: TR Dol KRB RL 2% 5 TR % b,
2015.

(7] Bz, BEAE, 2008, 45 7 A1 7S AR T B0 A% 7
B TRRA[)]. h E B R ,2015,35(6) : 1877
- 1884.

TEEEN:

P F(1988) Al AR, BF R T 6 A RBR G

YedeE (1981) , 34 . & B4 I, BF 5 7 1 A 4 )
SR BT R E

THMR(1966) , AFH BB A ZH L, AR T @AM LS

Fadls, T RIIT R0k
M 2(1985) it ARG FR R 6 A BT 5 Fedn ),

(WS HER.2017 =10 - 12)

. 81 -



41 B 2 ) W AR Vol.41,No.2
2018 4F4 H Sichuan Electric Power Technology Apr. ,2018

0

B HE AL FR 0 A TR TR S B

¥ Ok',F OB,T s, E4ksEkIk, % &’ ,MLR
(1. EMBIHAEEE AR @V fel 310000 5
2. HRHRE g s F3 i 5 A BR A /), b HEEE 056000 )

H BT esbR RN EEAMA L, RPN AR TN ARDREZR, B THFATRIERR
AT EEW B, S aie AR ARG E bR ), FRIEITE R 2R R 4, VABE MALM A d N3] 220 kV gy
REBSEHH AL T T bRz B Ry 2K, é:\?fﬁi’ BIEs MEZABEZIEIA LG AAZIEHXE,
HALFFREE R TIRERERATIR, REHRB T HETESRE R AR R T BORL, SR E THEGEB
Az ARG 5 FET T AT J‘bwﬁ#&%%ﬂﬁa&éﬁ#}\ 2L, I T VA A EBATALIEA B 2 Ak K b sk
BN B R — R A F

SE4RIA B BEAE Ll s DR s I TR S AR S

FESSKE . TM761 XEIRERG:B XEHE:1003 - 6954 (2018)02 — 0082 — 04

Project Practice of Sequential Control for
220 kV Caihong Smart Substation

Ai Fei', Mao Jun',Ding Jing', Huang Jirong' ,Zhang Xinlai*, Xu Tong',Hu Dongliang'
(1. State Grid Hangzhou Power Supply Company, Hangzhou 310000, Zhejiang, China;
2. Handan Huilong Electric Power Design & Research Co. , Ltd. , Handan 056000, Hebei, China)

Abstract : The construction of smart substation has an important significance for the foundation of smart grid, and the sequen-
tial control is one of basic requirements for smart substation. The quantity of smart substations is low at present, and the se-
quential control technique is not widely used, so there lacks experiences in operation and management of sequential control for
smart substation. Taking 220 kV Caihong smart substation for example, the requirements for sequential control technique in
smart substation are introduced, and the relationship among monitoring system, sequential control system, operation order and
mis — operation prevention system is analyzed. The process of sequential control is also demonstrated by practical operations.
The deficiency of sequential control system in 220 kV Caihong smart substation is pointed out, and the corresponding sugges-
tions are put forward. The analysis and practice of sequential control technique for Caihong smart substation provide a refer-
ence for the construction and manipulation of smart substations.

Key words :smart substation; sequential control; project practice; operation order
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Study on Calibration Method of Electric Bridge
Insulating QOil Dielectric Loss Tester

Hu Shihong', Yang Jian®
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. Jiangyou Power Plant of Shenhua Sichuan Energy Co. , Ltd. , Jiangyou 621700, Sichuan, China)

Abstract : The dielectric loss of insulating oil is an important index for the quality supervision of power system. The insulating
oil dielectric loss tester used in power system is mainly made of Schering bridge. Because there is no standard method to check
the accuracy of insulating oil dielectric loss tester, it results in the instruments whose accuracy does not meet the requirements
to carry out the test, and the accuracy of measurement results also cannot be guaranteed. In order to solve the problem, an in-
sulating oil dielectric loss calibration device is developed as the standard material, and the calibration method for electric
bridge insulating oil dielectric loss tester is studied through indirect method. Finally combining with the calibration examples of
two typical electric bridge insulating oil dielectric loss testers, the results show that the measured value is consistent with the
indicating value so as to ensure the accuracy of insulating oil dielectric loss test data.

Key words: insulating oil; Schering bridge; dielectric loss tester; calibration
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Research on Charging and Discharging Strategy of
Electric Vehicle Based on Price Response

Wang Shouxiong
( Liuzhou Power Supply Bureau of Guangxi Power Grid
Limited Liability Company, Liuzhou 545000, Guangxi, China)

Abstract ; Electric vehicle users to participate in the interaction of the grid is based on the benefits, but there are many factors
that influence the economic benefits of users, including battery charge and discharge cost, real — time electricity price and
charging and discharging strategy etc. From the user’s point of view, the cost and profit models for charging and discharging of
electric vehicles are constructed under the real — time electricity price. And the profitable charging time and discharging time
of electric vehicles has been analyzed using Matlab. Calculation results show that, the reasonable charging and discharging
strategy can bring economic benefits to users, and the profitability of electric vehicle charging time is the trough of load, while

the discharging time is the peak of load, which is consistent with the requirements of power grid peak clipping strategy.

Vol.41,No.2
Apr. ,2018

Key words:electric vehicles;distribution network; interaction ;charging and discharging strategy ; economic benefit
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