F38EE 1M € 0 8 % kB Vol.38 No.1
2018 F 1 B Electric Power Automation Equipment Jan. 2018

UPFC BB EZS B i PR Pric B i i

F my' EERE2 LR AR
(1. BRZH BB AN L ARERER TH b 211103;
2. Bl R AN ARAG TH BF 211032)

WE, A% — AR Z(UPFC) PR EEBH RN B HART ERACRE BT —FEEyPiE
FE AL PHEEEBALFTARBEABRTEZAMNF L EZZ G LARPO T L, ZRPRAFEXR
BOFATEREAEEFADX L THRELCA T A PR EL T, S —FRET UPFC $HRELEEL
AR AL A UPFC By £ S HFREEZEMELT KR LIRS 2R T UPFC Ry B3k oh 4 | F A0
PHEETEZNFBHEN N SREERZOALGE kR S SRETER & B R RK T8
AR SR EAATRT b R R R RAE ek i A LY T 56k

FEIF, —MAEHE, PHRETEE, BHRAR, ALREP

FESES. TM 77 NXHERFRIRED . A DOI: 10.16081/}.issn.1006-6047.2018.01.032
0 3= 2N 2 4 e O 1 A 2 B e, 10300 7 95 o)
Q:l: N T L x A | = = Paray

4 — W AR i #% UPFC(Unified Power Flow Con- g%iifﬁm%ﬂn@ L P, B, TBS 2y R

troller) /& H 11l fie 76 ¥ 1Y R 36 28 Uit iy Ho £ AR | i IR K : N

45 3 218 . e S 49 30 240 4L 1, 0 o 3 o) b Rl

AR R R O o R T 4 T A, S R R TR O - B gk

G I R ) 1 T S e |
UPFC TRASH S AE TRAER IS~ ()] | 20

B TF 7 )a shii B B, 7% 2258 i UPFC AH G F2 14 f o ; :

6 F B R R G IR LR | P e I s

RS BRI B O B R R 2 % NISEE A ) L e,

FEE] UPFC H A8 R 3 4 T 38 BB A R 407 210 ;’%”T“ g s

SRR | 0 8 TR (I A 1) 8 L 0 7 RN e L

W ARSI, TR AR AT, ey T g

S PR 72 T | B RS 09 00

SR AT SR 4k A PR 07 5 AR IR AE JT 3 i 56 A
HR H DX R A BRI AT AT R R A £ R U

B | UPFC REEAKLEH

HL ,|3)jﬂ:$ﬁﬁ%2 uﬁl?ﬁjﬁ,%iﬁﬁ%ﬁ]\ﬁ 24 Fig.1 Overall structure of UPFC system
A X ER A e 25 1A A DX A0 S sl e vk UPFC 5 5675 JE 2 25 A 28 20 5% FH I 250 4 4% )7

AR O RLEL iR IS T IRPERIICE T sk 55N B T UPFC RIS
o VORKCNE FINNEE UPRC TRMORIE e op e stopy omi bl 165 06975 FE 38 5 20 7
W TR SRR A AOF R TRIR S B
ERRRBEL. a. H IS 8 G 2 B Y, 225
1 UPFC R%t4H 0 L4 % H I 2 AT T P B

e . b. IS AR B OS2 F R AR o
UPFC RS AL TR AMEAR A DRI g g o 0 5 02 95 7 X, OB I B A
FMRAR IO, ALDAEAR K. UPKC BOD BT sy a0 2 R0 S 5 R £
2 A IRy, SR RIS sy g g 5 e AR S, A5 T R
ST R A IRDE T D3 AT R IR 3 g i o i A % 44, W 0 i U
b BRIBCAR e g2 A HL I R BR IS AT UPKC i 42 ] 5 H T R B HEAT A e

W B B8 2016 - 11-09; & B B #1:2017- 09 - 26 T RGBS R 2R R4 7 A RS R




18 #

WS 45 UPFC 36 A8 FE B8 7k o 4 7 o ®

TR A e AR TR AR ORI AL ) 58 HL S 2l 3 3L
TIEAHIE

2 UPFC BEXTER/FTEAER

N T A RITRE UPFC #5805 i e
4 T S8 IR B 35 VR RE | 200 0k £ B A s g 1 000 T <4
MFEFTFEHL
21 BETEHREMTEGRX

FR IR s 7% 1 0] 5 PR P 38 e T 5 37 7T DR £ B
8 e 5 W 322 4 22 IR TR A N ) LTR] 2 s R 58
FZ N, 5 DSy F DSy, 1T TT 5 QF; #E4T # B AL
Je g R FEHEL

AR IR e e I U e A 5 s AR AT 2 Fif

a. FP IS F 25 = R 0 B 2R A A r (Rl L DX B
UL 2 ronmR DX ) | e B A He 485 9 A 3% 422 70 W] DS,
DS, 43, B2 b T 1/ ES, \ES, 431 ;

b. R A 4R I R 4 M R L JER 2 T HL (AP
FEL DX 3 DL L 3 F AR X3, ) | B A S 4 O A0 B 427 ]
] DS, &7 DS, 4, B JI W ES, 7 ES, &1,
22 BEBETESHEMMIEEGTR

ER IR S 25 OO 0] 7 v % 28 I A IR (TR FR b TR R
J72 3 R BN E 4 B, 04T B IR AR R A% I 7
H, T2 06 I 2k 2R % T 06 ) R B AR TR 2% R AT 7T R
FI 2 5 & SR8 A7 D R A7 £ AR R 48 R 47 RH O )
T[] A O T A I T L DX AN TR 4 rR ) kL X s
JiR

L I Y )

7S\ b LA ma
g PO DS \ DSy, ‘FDSDE [ S
Y02

BT e E TP

B2 xzBRAX 1 mEHE
Fig.2 Schematic diagram of charging mode 1
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Fig.5 Circuit of fault during series transformer valve-side charging and corresponding charging protection
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Table 1 Parameters of UPFC system transformers

AR e T 28 Z KU
3N M/ Yn/All
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A5 I % E{;KH% m A5 L 26.5kV/20.8 kV /10 kV
st 0.2 p.u./0.3 p.u./0.075 p.u.
I A/Ynl
S Yﬁ”rﬁ%ﬁ AR 60 MV - A
A5 T A Egé(;;m A5 L (35+2x2.5%) kV /20.8 kV
st 0.1 p.u.
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Table 2 Short circuit capacity of 35 kV bus
(S,=100 MV-A,U,=35kV)
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Table 3 Fault currents under fault at
end of charged region
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Table 4 Fault currentsunder connecting lead fault
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AR A ] 422 4 7.5672 7.5672
A 0 0
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LR EE 30 0 0
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1,=0.6s
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Table 5 Settings of series transformer valve-side
charging protection
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Protection configuration method for start-up testing of UPFC series transformer

LI Peng',WANG Yuting’,KONG Xiangping',LIN Jinjiao'
(1. Jiangsu Electric Power Company Research Institute,Nanjing 211103, China;
2. Nanjing SAC Automation Co.,Ltd.,Nanjing 211032, China)
Abstract: Aiming at the special start-up testing method and charging path of UPFC(Unified Power Flow Con-
troller) series transformer,a temporary protection configuration method is proposed. According to the charging
mode of UPFC series transformer,it is proposed to set the two-stage temporary overcurrent protection in the
valve-side breaker of the shunt transformer,and the fault current calculation and protection setting methods
are proposed based on the equivalent circuit of UPFC series transformer. Furthermore,the charging protection
function of a kind of series transformer charging protection functionis is proposed:the differential protection of
valve-side connecting lead between the shunt and series transformer is realized with UPFC relay protection,
and the inter-tripping protection function is proposed to effectively isolate the series transformer and quickly
trip the power source under the weak fault inside series transformer. The electromagnetic transient simulation
of charged region fault in UPFC series transformer is carried out,the results of which indicate that the
proposed method can satisfy the requirements of protection for sensitivity and speed,so it can be
implemented in the field.

Key words: unified power flow controller; series transformer; start-up testing; charging protection



