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Fig.1 Connections of capacitor current & voltage protection

FREKE R TR] A H T H 2 e AR 1) e R R DA U T
23k — s IR BB K A | A R K 22 A T U O L
BN MR R T g AR AR A R R DL
TSI 1) e W RS ) 4 T (S A BT B A RS AR (HLI
B 45 U 2% 5 0 FL AR P O SR B i S L ARG S B
(3B 1T 256 DA B X 22 YR 08 55 1Y) HL 25 28 R AR 43 A T
ARG B — A — HOR AR Y s R
R R IR AR SR AR /N | e BT 28 5 o Fl AR B R AR AR B A
FH o S oh i T B 0 1 st ) A e 6 DR 2 5 o
TR R R AR EZMREE T | T LIS Wi %
53 AR R R AN TR B R K ] R

b. # HL A A8 2H R R TR 2R 1 oL R S A 1R 4 14 2
VEAT R oA, B 2 AR b e = AR rp vk A e
Z AL (UL 1), Bh R L B R A A
ARG JRshHYEN 30U =|U! +U, +U! | =30k , HHh
U, U, U &R b s i s 5 200 i
TF A A S I L 7 8 A DA S R A W R | S R e 2k
RGN M s ARl A R AT BB C M 3 H
KM — kA g E s W 3u,=U,/3,
WE 2K U, MR, HE BERS C
A A % b B S PRI SRy TR ) A O BRI
Ak BT LA 3 U, HLRAE 20 0, AR 30 1 Ji B S PR )
PR B AR o ) R

SRR b A R RS B S e A N P R TR AR
WF 3 U B B0 L 3, 37 3 A H R ST A A B e Bk ok
P SRS B ) R ST R R L X R R S A
Pt H 2 A A AN A e 1 RO i FL B 1
10 32 X A R 6 B A S R e /N B T B A A T

I L)
S U U3
B2 CHERERRE B3 it SER R
H PR R R R E B FEER3U,
Fig.2 Phasor diagram Fig.3 30U, caused by

of C-phase fault neutral - point drift

SEbE L IR T 0 RO AR N BRI 5
EPRE G B Y B R edE ShfER L,
XoF FEL 7 2 1R A B I A BB 0 s e PRI I X R 4 4
ANBAT VLG A B0 25 i A 1) e S,
123 & dEHRP

HR GRS S HL A TR TV, B AT
T MRl 2 2 ) N A AR a5 R

a. R SIESRME .U, > Uy, 3 U, > Uy,
5 U, > Uy, o, U, U, U, AR U, i
HL R AR B (H

b. IR, SESAM.U,<U 3 U, <U, 5%
U, <U, Hr U AIH R 2,

c. TV Wi, X4 U,<8V.I,>05A;8 U, <
8V.I,>05A;8 U, <8V.I,>0.5A B IAN TV K
2R TV Wik 4R | H I BRSO sh A i

2 BERRPTAY O TR IR A R

2.1 HEHSWFRARSE

IR PIAE RGP L E WL 1, AT
BEABRI] 237 A IO, HM R 298 250~4 000 Hz,
(7] B B 7 A ok A e B — 2 PR A R 1 TR
ZIRBUE LRI 5~ 15 18, K/NRYE T R 40 i JE i BH
P, BRAR AR LR AN 25 A B NS W 3 20
LR AR LY 25~250 £, R/ EEBGR T E
WA B ARG B AR RS AP, K
TR 2 P AR R ALK N 7 | F 30 i 28 2o () 2 4%
W S5 2% R R T ) LAl 05 A% T R S AR IR R )
2 W T % 0 A P 7w, TR O R SR AR AR A A
()7 25 0 R S B S R S LA 1

FHL 25 i L R Bl A A R TR] £
FEAE ARG AR R A A U 0 B S R iR ] AR
SRS (R A 0G0 378 /0N 1 98 0 i 1) 7 001 B o
A IR R 7 v BB R B BT AY . BB BT
R 0.1 %~2.0 % B HiAr , SR 1200 kvar PL T
HL 2R A AL 7= A )T A AR A B P AR
22 HESRERIEEMRE

A FEL 2 R R A O AE T R H 2 2 X



E

IR SCHE, % . B 10 kV 5 56 HL R 6 3 5 T o T 5 (37)

WK G 7R A R
i H RS R, ]
YRR EH T 258 bre ™
R R 4 P B GSTml:nxéx
N N N Y I
AR FH B A 20 A7 a0 F
AR by H R R AR
T X5 X, 097FA H %
UL 450 B T, R LR
BB ES  X,=nol,
Xe=1/(nwC), % X, 5 X, BIFBCEHTA X, W
X:XCXL/(XC_XI)
MBS RIE Y X=X, B A g RS A
AR IR X5 X, Z TR RS, BAES
R EWHBEE U, &I I, 00F,
Uah:leszj%Is, I.= _’J_]}?C L=
AR M X=X, B BME 1 AR/ Uy >0 I >0,

[L—>ooo

b

B 4 &K IERBRIEER
F X5 X Wit&EBEx
Fig.4 Harmonic as current
source exerting on X and X,

U ab

SHF A RGBT, RS R R E U,

B TH v A AR R TDIE 0k H 2 g R R A 0 L U
B 38 Rt PR

B T 3 I Ao FL 9L 11 7 9k R R R R R LA
BIREPUR N 4.5 % ~6.0 % BIHEPUAT, (H#MEH 2
i 22 R o B R U RS DA BRI IR A L
5k B i s

eI AT AR 22 Ge 1 0 FHAS R) b S i B e |
i 2 WERE AT R 28 40 i YRS | SCRE I il FL 2 e 1Y)
TRUR G s H 3 PRI AE 10 A58 (LA R B ZEK

3 JRCALEREE SR T BRI AR R B )

A DIBRE I AL TRERERS AT —E 1
FLRE A FL S, FRL A0 U (L5 D 5 o T T ) P S 4 A
PO, IS VLRSS IR P25 8 1 i oA L O AL, A
ANHE A AR X RS DL T R UCE Il RE 2 A AR
HURULE SR RC PO ENAIPO RE 5 22PN ¢ SK (SN L) O 8
PRI 7 PR 2H DB Jim e 200 BRC R T Pl 9 T 9 R
TERL A AR IR OB 2RI, T O)BR A 1 i A A
Fieals 1) P J B, K

— i B HL T LR A Bl
A8 T i B — R B At
A LARHCRE HL RE T A5
T i AR B B g
ULV 5, T oA
2Bl Y AR SR B 5 E g B 54T T B B

i 5 AT Fig.5 Discharge coil analysis

: 2
iczc%, LLLZZLQ%:ch ((11;/;0
TFRWT T LART , B A AL T AR A IR TR

u=U,sin(wt+¢@)

TFRWT I LUR | H i 1 25T #E N

LIC%+L2C ft@ch%mFo
ZH R =3.6 kO, X, =36kQ,X,,=048 Q,X.=
80,L,=X,,/w=36000/314=114.6(H) ,[,=X,,/ w=
0.48/314=0.0015 (H) ,L=L,+L,~L,,C=1/(X,w)=
1/(8x314)=4x10*F) 2\VL/C =2\/1146/(4x107%) =

10.7x10%,R=3.6x10>>2\/L/C ,FrLLiZH i R Ak
5 1 HEL FEL

—WorE L, c 4, g o P +RCd—L;“ Fu,=0 K

de? de? d
By = R Rope1
FFIERN p=- 2 (2L) L = 15715,
P,=-0.7,P,=-30.7,
JIT LA L 2 LT
U,

(P,e"'—p e”)=

u.=
p,-p,

Uy ~0.7¢ o7y [ a-07_ 0.7 307
30( 30.7¢ %7 +0.7e ) =|e 30°¢ U,
TCHL YR

1=— C c - _ 0 (ep]t_epzt> -
di L(p,-p)
_ U() =07t _ =307t
Ti46x30 & )
_ah fmom_ 07 aom \yr (20 07 o _
=3 HT,uc_(e 30 ° /)UO_(e 30 ° )on_

e *'Uy=0.122U,, H U,=U,/ V2 =10/V3 =
5.77(kV), Bk u,=0.122 Uy=70(V),

K FH PR 08 L R BB R L 2 B8 | 1 200 kvar
HLZE 3 s I A M R FRE 2R 70 V LR,

4 AP a7 a0, S T R
D LR AL 53 4K DT g

HI R AR J, DS 3 BUTC U w26 1l FH T AE HL i 5
Fhiz 47 )7 2 BSR4 AR B 3 2 B AR IR 48 418 1T
WARFEAAR LU, 1 5 FARELT 2 5 24 R BUAE
AR HL 2 5 FAEAT 1 5 EAEIE AR
ul BUE RS AR UL 2 BARRER O BLB T, Il
TR E N A shiR S 1Ty = o S E A
41 1 SETREMFXHERZLFEA

YRR A B N 2 B B HET, L
1 S EAREEM 1S 25 EERITFREZ
AR AME SRS

MEEEIT WIS R 1 4 AR T B AME | LU
1 5 F AR TR R o) 5 5K AR I AME Sl Ve 5%,
42 | SETREMFXEHESE L T4

MBI S A R 2 5 AR ST L2 S
F2 AR Ty F PRUE L T Dy i SR AR A AME SR S5 14

MR IF CWT IR BS R 1 2 5 B AR IBAT,
I FAREMEARDS

2 ) 25 R L DX T o) ks 9 o) AR A 2 R
BT B L B A ook
ABYIGEE AR, ERE LR MR TR L



36) € D8R

£27%6

B E B AT R 1 B A PR A ROR 1) DB o B —
SE 1Y Sl A 1815 B 19 e A TR A B4R . (EAS
RIS 2 678 A% IR kIS 47 i 7Y 18 1 0 2T [R] 25 1
1, B\ — GRS — G A st IR TR 2 &
AR R 2 BRI, A€ B AR S A
TAHRL AT RE , 24— G W TR KRG 45 1A R T A

LI REER T,

5 B IUMBLR R R PR T Ak e g S e B

[F] et

HLAR PRAP I B 1 T A Sl I 58 BB 4k HL 25 42 1A
— B R, T S Bk I R 4k H g 1200 Bk I 0] g O
S Bk IR Je pb 6 B4 a5 T [l g vy e 3L B I R O
B 1] 24 Pl ) BEL (AT 56 100, — IR0 O S ik i) £k el vy
H R=88 Q,BEM L I=U/R=220V /88 Q=2.5A,

UNRIT I AE 73 ) 2ok A5 e 1) (o] 6 4 Pl O L 4
i (HJE TFOC WA BEOT | 80 T 5C B BEOT | (H A
Bl s AT S A O I [0 1 e O B I 4K v
DI (A5 I8 R 2.5 A ELIR B IRTE A LTI
Wrolk I TFBer s o0 HEE— e 4k i 852 WA
TFY g B ARSI Bk 0] 2 FL 25 4 ST W,
GET AR R GE v i T IT S LA A Jo R X o
BE BBk ) 4 i e 4R S ORI, I PLR AR
PP (] AR B T 1R A A T

6 ikt FIF S0 5 MR | SEBL T He S
5 AT 25 R DI T g

BeU AR AR L ABC B L TTIIT 5%, I IR S 4%
HLER i IR AE AR O, VR A I A AR U T D3 AT R
SHAEGGE B LU A AR )T G R o e F A AR R
4 DX

e R 0 PR Bl ey T T s T B i, —
AR AT 2226 5 &l RIAR $a B kb 22 2 i DL e £
iy A8 A1 B0, i 1 45 A A A A B I 2R3 D7 4 b
BEAT A Ih GAh bz PR A A 2 4 MR A o A 1 45 4
F SRS, IRIEAS H 2 SR AL I, PR
B R e A ) 2 B Bk BN AT [ sl A
AT FCA 2 1 TR YT X I S A 0 A
TP 7 gt 2L 110 SR 4 TC A 2 L3 I Ay A A Y
AE ) R IR 4 i , o 2 B B HORD A o F 3l BRI B
] B AE AL TR 5 1 JC DM JEE

7 4E5iE

DS3 BITC AR E L 2 H b | 2 20 R A 22
A BN E ANy o W (7 NS R i)
LR PR 22 B B R U I BRI 1 i 300 A
Bty Ik TR B TAMEERT R T BR
HI5 B o3 A e e s s e T B A | S B T
AIF A ShEFR ] ; 454 R IR R B R T A
T2k Pl B T 6 A e TR R RO LR S R A
FE A R) s, ARR Y = Boad i A i R U P i R R

U T AP T SRR S R A R B AT R
FEAEREAR br RLAF 9 2 78 HL il Pl T 5 JE T 2 4
R 2L

SE .

(1] BE2gy, AWML BT R A 5 BB IE (M ], st b KA
73 i kL, 2003.

[2] BEBAR PRELES XS, Ay WO gEAFE (M ], db st i =K A
J1 R AL, 2000.

[3] AEATE &R T 7. 33 TC P rb B2 B AR B9 i S0k (],

AL AR 2004,28(23) :81-83.

REN Pi-de,LIU Fa-you,ZHOU Sheng-jun. The application situ-

ation of dynamic reactive power compensation technology [J].

Power System Technology,2004,28(23):81- 83.

IROCHE, TR PR AR 10 kV R G0 H E JC U 25 A 45

PEEIPERI[)]. IR 2003,27(11):72-74.

SU Wen - bo,YU Zhou - chun,SUN Shi - min. Development of

voltage - reactive power integrative control equipment for 10 kV

—
~
i

power system in substation[J]. Power System Technology,2003,
27(11):72-74.

[5] EROCUR. sk M. JLat. w420 W, 2000.

[6] kol nifcte wse, i M S A M), b E
FL 7 AL 2004,

(7] #E30. (RHREC TSI AMEEAT )], H MR 2000,24(7) :71-72.
CUI Chi. Preliminary analysis of reactive power compensation in
low voltage distribution network[J]. Power System Technology,
2000,24(7):71-72.

(8] sk, FABMEMC A M LIFME RS (T]. B M4E AR, 2003,27

(7):80-81.

WANG Jian-qiang. Intelligent reactive power compensating sys-
tem for distribution network[J]. Power System Technology,2003,
27(7):80-81.

[9] EXut, a7 BRI, T PLC /A8 d o B R JC T 2 45 12 1l

Y]], 0 HEMEE 4 ,2003,23(4):31-33.
WANG Rui-yan,ZHAO Jian-ping,LIANG Zhi-shan. PLC-based
integrated control system for voltage and far control of substation
[J]. Electric Power Automation Equipment,2003,23(4):31-33.
[10] ZROCTE ZEME 1 ok w4k i O 40 Filt b SR 5 52l (M.
Jest, g g R 2002.
[11] fufskAe fal Wi  BRes. A MZS s iy — Ml (M ].
Je gt AL g R, 2004,

[12] FRen 10, B, AR A AR il ol J T T 255 H 45 il e

[J]. 71 B3k ,2001,21(2):42-44.

DU Hong - wei, LIAO Zhi - wei. Intelligent automatic control

equipment for substation voltage and reactive power[]J]. Electric

Power Automation Equipment,2001,21(2):42-44.

SR B Ao, R TC ) [ sh i o R L ()] i R

4t A 316 ,2000,24(9) :56-58.

ZHOU Ye-fei,ZHAO Jin-rong. Software for automatic control

of voltage and reactive power in substation and its application

[J]. Automation of Electric Power Systems,2000,24(9):56-58.

(RREHEE. MEX)

[13

EERE T,

S (1958—), B, R A KA K% NF o SR
B, 71 & A LAF (E -mail : yiyswb@163.com)

ER(1962-), 8 WL ARGFEA A TRF AKF 10KV
RO ER I H AR AR,

X 4B (1972-), % LW AHFEA SR IR AFEL S
Foukm ARy TAE,

HEA(1976-), 8 L ABIMA TR AFELH E4%
B Sk A

(T # % 46 W continued on page 46)



Strategies to prevent faults of voltage and reactive power
control equipment for 10 KV system
SU Wen-bo',SUN Shi-min?,LIU Juan®,PAN Xiang-hua*
(1. Shandong Electric Power Research Institute,Ji’nan 250002, China;
2. Jinan Disheng Electronic Co.,Ltd.,Ji’nan 250400, China;
3. North China Electric Power Dispatching Bureau,Beijing 100053, China;
4. Shandong Extrahigh Power Subcompany of SEPCO,Ji’nan 250021, China)
Abstract: Operating features,failure modes and countermeasures of voltage and reactive power control
equipments in 10 kV system of substation are studied. The voltage balance protection according to
connections of capacitor group is used for the inrush current and resonance during its switch-in,the
series reactor for the explosion during its operation and the parallel discharge coil for the residual
voltage during its switch - out. To meet needs of real - time voltage control and reactive power
compensation,the adaptive identification of operating mode and distributed control of special breakers
are applied. The integrated voltage control and reactive power compensation of substation,the
prevention of system resonant over-voltage and capacitor residual voltage,the reliability and sensitivity
of protection,and the grouping and circulating switching of capacitors are realized. Measures to
prevent faults and effects of reactive power control have been verified in the operation of more than
twenty substations for three years.

Key words: substation; reactive voltage control; fault analysis and processing technology



