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Fig.2 The restart logic flowchart of UPFC

TBS 38 , UPFC #2715 e Fra e, UPFC
HABGRA A AFESIVE . X T UPFC AR 45 A1k
B BCE T 2R TRE UPFC 848 1 B4 X
SRR LA 22 Bl A 4 HL AR 37 98 A B 58 S [
UPFC A R34 e B AT LU P S 400370 i L U
S AR IIAE . UPFC AR B vy 2 S B R
el it R T e, DR G e e PR A 4 22 A R 47 )
B, A2 A i R s

(3) HIBCAR Hs A i B J5 , UPFC X I 1) 46 7t
ANREFFEFTHAIBET , PR IZ M Ay XA R

(4) UPFC ALK IR SRR =t 1A
UPFC X AR 4 , A A 2 Bl e i), 2k i fR 3
PEKILIEG T4 UPFC (R 5 & AT IR
7

2 Loy Hr, Al LK 0 i fr 37 sl 1 i1
PN BRI S5 57 H R A3 AR T A PR 3P AN
SR A UPFC X SNSRI il 2 2 1 U e if
UPFC HR IR B e o 16 1 18 H 1247 )5 F0B a2l

T A FI W UPFC & A= IX AR (B & A 52
T AR GER ) BOMERAE, AT LTI LR B RS AR
DB GG o ARSI AR S8R A E i e S B UPFC
PRI BIMERS, UPFC 45 AZR B Y L 2 Hh B,
S RHE R IR L B AN ) P o b (IR R TR A
%, B A IR, sl P L R AR ) o



& S SRR G SR G R AR AL B SR 135

HEsh, UPFC 85 A3 07 o 76 18 H 5 SR A
Lﬁ‘HU I WA ZT RS A VRIS i 7 B D) B DA B ki

PRI IE 73 4T, M a3 i 26 i i e DB W (IE
?\Zéf?ﬁﬁf?ﬁﬁEi@EIEﬁ?i@W)%ﬂéﬂ%ﬁ%ﬁ‘]%
KA AT T o

£5 L prid , UPFC 7252 i 2 i i B i A7 T8
A (1) UPFC I L B PR 37 s 1 5 =
& UPFC LA AT i Ui R sl A ELHC I %) B 2k %
0= 587 o O SWA g VA S (AN AR S R DA R NN AU
PP R ) 5 (2) AR B R S He i PR 37 AN 3l 4 5
(3) HediaiB it — B ) J5 CR T A IR = A )
IR ) | T8 AU A5 BT 08 IO B £ % FL TR Y TR\
e G o3 20 T TR, Lk I 5 A6
BENEAL; (4) MRS IEF 81T,

Y bk 4 A AE T L, UPFC i 83 R 25
TERCBET R A BT BAIBTT

4 mm UPFC RSETRE&MMED

Rt UPFC 7Ry TR A H G450 378 245 194 A0 357 i
2 PSS % T O ML & TBS, g st UPFC T
TR 2R B I R A A% 585 3 Y9 iR B A 7 o

it UPFC LRGSR T T N e
PRI, 7EL3% UPFC £ IR & AR T Wik sl e, S ik
[17]%F UPFC W aifEREMESETT 73R40 20 7 - & AR
W5, UPFC {4 & JealfE , fil & TBS 7E 1.8 ms ik
VA R0 I 5 IR 5SS U 2R e P g, ke A 46 U A
FRELAZ B R by 5 AN BB 55 i C B 2 P 6
HE— 25K I AR T 25 5 B 52 O R G B S o A
TBS DA 13 7308 1777 45 IR 5 £ 6% 90 000 0 5 A 1) F S 7
LRI IS 33 ms ZE47BEOT, I AE 930 ms 245
HAET ;6.6 s AoA7, B2 % X0 2 (1) UPFC 46 38 2%
FHARAIBTT, HEEL R 55 3 TR 3

2016 48 H 2 H, g s PU A MAERERS i) &
I5e 3l 1) He rp— [ 2k (42 2%¢ UPFC (1% 3 [m] £k 2 11
AHABLR S ) A A il s, BB 1% UPFC 3800k, Fi &
% UPFC 53 3 A 46 I 4 1) 5 I i U JE K, UPFC
AR T I 70 30 B 6 L (] £ S 6 IO %) 1 R Bk
] 488 35 % 7 SRR I 3 PR IR s AT B B
(14:22:01) L He (w) (Z P& LI (0) L HR IR0 46
i 100 R (g ) IO 00 400 3 25 1R AL R
(g ) IR SR D TE AN 3 TR, AT LA 16
ek &L G 4.8 ms 247 iK% UPFC (3l i AR 3
{H,5.4 ms &£ 45 TBS 538, 56 ms A5 45 i s £k 1% 5k
TF, Al 22 UPFC 2 #% 1) FE R R I K &R IE 8 o

FEBCM 7 f R FH A5 3 71 BT i i 1 Ak 2 il 4

189.205 8 -
i 'x % /\\/ )(\\,{ /N ”/?\ \\\
= -195.0152 ¢ \\ XA TP ANNIAN ~
' 0.18 ozo 022 024 026 028
< 6649 - i \
T 6885 \ r \/
018 020 022 024 026 028
< 4004 ,\A
& e
E \V;
~ 4039 ' i
018 020 022 024 026 028
>
% %8 :, — Ar’
g O”XCX(]\W . -
m‘“ 7%8 1 1 1 1

1 1
0.18 020 022 024 026 028
t/s
—AfMH; —BAfH; —CH

3 #FERf UPFC BREXMIIE KR
Fig.3 The waveforms of UPFC
series part during line-fault

W, 5 s S o 97 3k 9 R 00 48 3 4 1) PO, DR IE
FLREFRELIZAT , DT S B e 2 B S R I 4 8% v
j:( w) FEIRALS He U HL 3E (g ) T IR 460 30 25
HE] 000 FEL JE 3y, ) RS DR 4882 30 85 R0 P TS (e ) 1)
W SR EOE B 4 Fs . AN EREIE AT LA
FFERAN 370 #4878 I s 199 1B ) W 3 A5 28 1 e e
AFFLLBAT , I T R A
189.066 7 - -,

u/kV

IVAVAYAY
~208.443 02
0.16

0.16

0.16 018 0.20 022 024 0.26 028 0.30

) /\)" }f' e \' WYX XYY "xH/A’/\/ e /\‘/ (
:\1 ( y //\ 4’ /[v;\ (\ ;A’/‘y': j\\' 4 9 \

-17.975 3% S L L=

0.16 0.18 0.20 0.22 0.24 026 0.28 0.30
t/s

— AM; —BAHH; — CH

4 #kERt UPFC FHERMIAE KK
Fig.4 The waveforms of UPFC parallel
part during line-fault

P TR A A Lk i e e, 22 %¢ UPFC 92 0% KA

IO 1) R IPEAE T i 34 B AT Bl A, A UPFC HR IR A 46 37

IR AP SR, IR 3 AT LU ik B i 4R B 1

S, R, FeifF UPFC ) R IO 360 370 25 72
1B s 17 )R FO R 2hiatT o

TE ERIRAS R 518 B AT )5, 285 BCE #Y I 1]

5 s, UPFC = {R R G0 Wy Hh 2 i vpL s FTFR DR IE 3, B

HORE ER IR AR A8 AT RS S s (14:22:

06) Al et 55 P P KL S Bz, BB vl DL i




136 2 HEHEAR

u/ kv

i/A

40
200 oo — ‘ ‘
|
40 2 03 04 05 06 07 08 09 1.0

500

<
) 08 09 1.0

1
02 03 04 05 06 07

2 03 04 05 06 07
t/s
— AMl; —B#l; — CH

5 #p&E 5 s 5 UPFC SBREXME /S A4 KRk
Fig.5 The waveforms of UPFC series
part during restart

IR AR 1E 5 s IR IT IR BT E 3.

K6 4tk 1 2016 4F 8 H 2 H A n{—IMhg L %
BRI DY ER R AL L. W LA Y £ UPFC
HOHTA 8l e P gk b — b R % (222 UPFC)
(D3RR B 22 e T 1 Zh 3RO Al — g 2K
IS DA DG A ) I T T — AR R

1 1
0.8 09 1.0

4

Z 3

T i Y
% 2[

£ 4

= 0

1100
1000 |-
900 |-
800 |-
700 |- [SpiibiEd )
Z 600 L — JbiEE W
ﬁg 500 — BRmeXUn 4k
= 4001
300
200
100
O Il Il Il Il Il Il Il Il Il Il Il Il Il Il )
RS L iy
\bp’ \b.‘g’ \&W \&W \5"% \&W \bp’ \b.‘f»

I %)

6 HWIEHE R AR R
Fig.6 The power flow wave of Nanjing west
network during line-fault

Pl v s 2 R T — I8 AR Bk I S, PG B R L
S0 T ) Dy R R A T S A D SRR G
Jt,4E UPFC EHE sh il m , il i il fe 7k 17—
rAGTRE A T 26 A S AR g 0 A A ) R (R 2
/I BUE T SCHR I R ST UL AR S PR AL B BE A £
= UPFC Al SEPERMITEREAYBEAE

5 4%HiE

SCHETHR AR RE S, 0T T AR SR
BRI, UPFC s Bads 1k, 42 Hh T UPFC 7E523 &
GEk R A A0 B, (45 UPFC B 55 B 45 il e o

HAE ST, 3255 T UPFC REERETT AT 5tk
FFIGRANAG AL i 30 Ao 478 ) S I A , 725 AR 58

W R R ORAF IS AT 5 75 38U AR 8 A A 7 Fi Wl e L

W F, Y e ER KA 46 O s 1) FRL I RS 52 R 3 IS, o

HR A8 370 s THLGHE IR 5 70 S8 I AR SE R PR A, 3 B

A A PTHFLEIS AT I, 8 He W 3 AS 26 B DR 4P 7Y 3l

YRGS, BRI M4 i #1817 s AR DR 3 9 3

VEGR 5 A S 2R B AR, 4 W7 S 75 o v/ A TR N 462 3t

r BT Bl A S VE, IR 2 I ]S, AR A 2R 8% Y

RS LU T SR A B A I BTk B KA T IE R

IBATRAS A2, W SR B S i e A A8 AT

A 3 AT B 5 T AR S PR AT I R T U 2 AT

RS (— Wl UPFC £ B8 X R, 55 —h

UPFC £ P& IX AMBE ) , B ik 1 S0 b 42 H i) UPFC 26

P PR AL SRS 15 B A AR T

SE Lk

(1] W% &, 24020, W K55 Wi H A i 718 sh Al
BRI 1], "I RGEE ML, 2015, 39(12) : 159-164.
PAN Lei, LI Jihong, TIAN Jie, et al. Smooth start and stop
strategies for unified power flow controllers[ J]. Automation of
Electric Power Systems,2015, 39(12) : 159-164.

(2] % W, 2JUpE, 1A, 45 TR0 % B A 5 — U 4
Hlas R (1] &4 A shifg, 2015, 39
(21): 113-119.

LING Feng,LI Jiuhu, TIAN Jie, et al. Optimization analysis of
UPFC system structure for double-circuit lines[ J]. Automation
of Electric Power Systems, 2015, 39(21) . 113-119.

(3] BRIk, I N, A, % B s R B e &R

25 P P s o SR S BRAIEL T 1. 0 R E Ak, 2013,
37(15): 71-75.
HU Zhaoqing, TIAN Jie, DONG Yunlong,et al. A control strat-
egy for modular multilevel converter based HVDC flexible
systems under system faults and its verification[ J ]. Automation
of Electric Power Systems,2013, 37(15) . 71-75.

[4] HOJO M, FUJIMURA Y, OHNISHI T, et al. An operating
mode of voltage source inverter for fault current limitation[ J].
IEEE Xplore, UPEC,2006(2) :598-602.

[5] ZANETTA LC, PEREIRA M. Limitation of line fault currents
with the UPFC [ J]. Horticultura Brasileira,2007,27 (4) ;431
—-437.

(6] 3k & ML IRER GRS HORLSER [T AR A HL 1, 2008, 36
(9) : 43-46.

ZHANG Ming. Review for short—circuit current liniters[ J]. East
China Electric Power,2008, 36(9) : 43-46.

(7] % M0, DU, 1. v e v e BRI it [T ] o

IFEARZT, 2009, 21(3) : 33-37.
HAN Liu, QIU Weidong, XIAO Zhigong. Overview on
measures of short-circuit current limitation on power system[ J].
Electric Power Technologic Economics,2009, 21(3) . 33-37.

[8] MITSUHIRO T, HIROAKI S. Effect of fault current limiting of



& S SRR G SR G R AR AL B SR 137

UPFC for power flow control in loop transmission [ J]. TEEE
Xplore,2002,3(3) :2032-2036.

(9] ML BA MR AE RS — W R & i W [ D .
B - WK, 2012,
ZANG Yuging. Research and develop on unified power flow
controller with solid-state fault current limitter[ D ]. Hangzhou
Zhejiang University, 2012.

(10] Al 18 VTIERY, RICHE, 55, B S % B O S RE 9 58—
RS O] B R B d L, 2012, 36(4): 69
=73.

YAN Bo, JIANG Daozhuo, WU Zhaolin, et al. Design of uni-
fied power flow controller with fault current limiting [ J]. Auto-
mation of Electric Power Systems,2012, 36(4) : 69-73.

(11] fal 1 R VB Ay, 45 BRU G — W 42 4 1 3

SoMrEET]. B RS A ML, 2012, 36(13): 101
-105.
YAN Bo, ZANG Yuqing, JIANG Daozhuo, et al. Dynamic a-
nalysis and experiment of unified power flow controller with
fault current limiting [ J]. Automation of Electric Power Sys-
tems,2012, 36(13) . 101-105.

[12] SCHAUDER C D, GYUGYIL, LUND M R, et al. Operation of
the unified power flow controller( UPFC) under practical con-
straints [ J]. IEEE Transactions on Power Delivery, 1998, 13
(2): 630-639.

[13] BIAN J,RAMEY D G,NELSON R J,et al. A study of equip-
ment sizes and constraints for a unified power flow controller
[J]. IEEE Transactions on Power Delivery,1997,12(3) ;1385
-1391.

(14] & T,% @, &, % mat UPFC TREH PR
G SECEMFE[T]. LR AL TR, 2015, 34(6): 1
-5.

LU Jiang, QIN Jian, PAN Lei, et al. Study on architecture
and configuration for control and protection system of Nanjing

UPFC project [ J]. Jiangsu Electrical Engineering,2015, 34

(6): 1-5.

[15]) we g, %% fi, 80 PH, %% MIst UPFC TREiaf177[T].
VLFR ML TR, 2015, 34(6) : 36-40.

LING Feng, QIN Jian, DAI Yang, et al. The operation modes
for Nanjing UPFC project [ J]. Jiangsu Electrical Engineering,
2015, 34(6) : 36-40.

[16] L&, 00 M, £ =, % S8R R ReR
BT ] LRI, 2015, 34(6) : 6-9.

JIANG Chongxue, DAI Yang, WANG Ying, et al. Research
on protection function deployment for UPFC device [ J].
Jiangsu Electrical Engineering, 2015, 34(6) : 6-9.

[17] Bk, i & A7, 45, Mt UPFC /R TR A Tkt
BRI ] LA ALTAR, 2016, 35(6) @ 32-35.
HUANG Zhigao, PAN Lei, QI Wanchun, et al. Analysis of
artificial grounding test for Nanjing UPFC pilot project [ J].
Jiangsu Electrical Engineering, 2016, 35(6) : 32-35.

TEH A

A (1985—) 5 LM, A,
BRI 1 RV TS & S ik 1)K 5
AW & TAE (E-mail ; panl@ nrec.com) ;

2 AR (1963—) , 2, )P N BFSE 5
e G0 TREIW, A o7 28 e 3 BE ML)
N B N A A I S vl = Rt 11 K 5 N A
TAE;

¥ J6(1983—) , 5 L N AL,
AR, DA 2 A Rl | % M 3 U R B R A A (E-
mail : ygsjtu@ 163.com) ;

HWRIIE(1979—) , B LR, B+, SR LRI,
S BRI HL B SRR S TR L AR A

WA (1987—) , 55, TLOR N, A4, T RE O, e 22t
LV HL B SR S VR LB AR A

A (1986—) , B VL IR Z N, Wi+, TRR U, DA 35 2
L P B SR A A L PR A (E-mail : qudf@ nrec.com) .

Control and Protection Strategies of Unified Power
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Abstract ; As afull-featured power electronic equipment, unified power flow controller (UPFC) need fault ride—through ability.

UPFC series and parallel inverter parts will withstand the impact of failure duringAC line fault. And for instantaneous fault of the

line, theUPFC needstocontinue to run after theline fault is cleared.Based on the structure and fault characteristics of UPFC, the

processing strategy of UPFC in the case of AC system failure is put forward, so that it has the fault ride-through ability. The

UPFC parallel side can run continuously during the fault by use optimization control strategy. And the serial side can exit and

restart quickly,with the coordination of UPFC control and protection strategy, line protection and reclosing logic.The rationality

of the strategy is verified by manual short circuit test and the actual system fault test during the operation of Nanjing UPFC

demonstration project.

Key words: UPFC; AC system fault; fault ride-through; restart
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