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Abstract: The characteristics of the UHVDC/AC hybrid grid have put forward new demands on the construction of AVC system.
This paper firstly analyzes four operating modes which AVC system needs to cope with when the disturbances occur in the AC gird
and the UHVDC grid respectively with different time constants. According to that, the coordinated control strategy including adding
the coordinated bus voltage constraints of the converter station, adaptively refreshing the voltage constraints in the AVC system,
adjusting the optimal control calculation time as well as control objectives is given. On basis of the continuous AVC simulations on
standard IEEE 39 example system and by comparing the system response before and after the coordinated strategy is adopted when
the AC and UHVDC grids’ operation modes have changed, the coordinated control strategy will reduce the unreasonable switching
times of var compensation equipment is verified. The proposed coordinated control strategy will be applied in Sichuan grid.
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Fig. 1 Control flow of normal AVC system
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Fig. 2 Control flow of coordinated AVC system for hybrid
UHVDC/AC grid

3 REIMESHEMNEAVCIHESHT

AT AVC i B 6, 09 s T 7
AARTERS, SRHAS B A H P B 4 ) SR AT i
AVC [P HIR P R
3.1 AVCIFET&EN

AVC i 5.1 5 e W F=— 1 s W i £ bis 5 3, 18
WG, HERGE P RS EE, 4l
AP EDI B R BN TSI s, Sk
U AVC Z G 3% 47 0T HL 19 (1) s, 01T 42 o) S ek
frA7 e,

3.2 HERGZEE

AR TEEE39 717 sUbsiE Ha ) R Gt A7 040
EMHRE Y FHE T AVC I E RS, KRG 45 H) LK
3. TERGAHE SIS AVC REH R =200 —
WAL, AT A LN N g B RR T A
BT A B s A e
SRS L AR T R i 22 T X 3 A 5 A FE W Lo FE
JFEBEE(EFF IR Hilde 4, (R g i vk
B, SRBLFLSE B H o — 2 P s s il 2 T v e o 1
PN Ui Jil 5 R PR E T S I I R

T 5C I I g3 XK BR VR AG) R GE AT By
US4 20 34 184 174 254 264 27+ 28+ 29,
30, 37, 38 AN AR XA BN, iIX 3

PG TR & LYY 55 300 37, 38; AR RELE AT A
3. 285 27 5T AUBLRUURR R R LR B, AR
I A, MK 40t i A e B2 v PR A1 )
POt N TE D MR B A . DB R, HIRARSE
FERIA TR AR FRIE e, B Fo At I 2 A AS
AR, e B SRR T DR KA AR .
I 35 1) A2 L9 ) A2 480 T Dy B K TR A e il Y TG Dy b
A I B

@

=320 37

2
1T

3 IEEE39 REMRATHERE
Fig. 3 IEEE39 hybrid AC/DC simulation system

A1 AU [R] A2 LR A L s
177730F, JC AVC #E). SR AVC #2548, B
KK FIAZ IR A M AVC S0 i e 19 i
AAY
3.3 TMBITANZER A AVC REEAE

AE A AR AR R guia T 7 Uk A4
L NG G P N e B 2 S R R T VAR

BEFL 18 51 R D)5 B R P, wnlE 4
FioR, 76 100 AMEESEN, AR A DI 300
MW ZEPEBEK 3 700 MW, JEZ M 150 Mvar 214
K2 350 Mvar.

[UE = d
—EHELREMW) - - T E(MVar)

4 No. 18 i IR iHEB NS 1N
Fig. 4 Active and reactive power consumed by load at
No.18 node



R, 5

o ey IR AT LR FL D ] s 7 o SRR S 07 AT 9

DIAFIRIZ B R T R GUAb T8 AVC 54, %
M AVC FEHILLECR I T2 Bt & B M B AVC
S I A PRS2k

BRAUHIRL G 1K) 27 575 i R R IEEh i 5,
T L 2R A 6.

120

100

80

g
1
|
1
IR R R |
|
|
|
|
|
|
|
|
|

s
8

20

15 G IIMVAR)

1 21 a1 61 81 10 121 141 161 181 201

RUEVES 4
— i ----EHAVCER - . - ZEFRHEAVCES]

5 No. 27 #riftub 7 = TR R Ih h £k
Fig. 5 Reactive power curve consumed by converter station at
No.27 node

225

2245

X

2235

i OB V)

223

2225

1 21 a1 61 81 101 121 141 161 181 201

QUESCE o
—FfH  ----EHMAVCEH - - - ZEAEHEAVCEH

6 No. 27 #iftu Ty s FEIE i 2k
Fig. 6 Bus voltage curve of converter station at No.27 node

B 7 4B T AN SIS, TPiXREZ No.28
PRI ZE . B 8 45 T ANFHIZ&E T, 37
BLFN 38 HLIC TS A AR AL i 2

TG AVC ¥, BT s A R 2R R 45
B, S sEJE RN T AL 54 60 MVA B3
AMEVE S, TR BEZETY H No.28 [ HL KB ZI FBk T
0.7kV.

Ab T AVC FERII, HRRx RELZR R 9 e 748
TIZER SO Y, A B 400 b A I BEER L AR AR 45

2365

2
&

2355

i K (kv)

1 21 a1 61 81 101 121 141 161 181 201

QUE St o
— i ==~ HHAVCEEHI LRI B
— - EARBEAVCRILEER - - - ZERHEAVCERE

7 No. 28 iR £ 4 T s B JE h 4%
Fig. 7 Pilot bus voltage curve at No.28 node

25 .
600
500 - -
= 400 R
X 300 <
o] ’
= D,
B B
100
0
1 21 41 61 81 101 121 141 161 181 201
FRE
Frehl  ----HHAVCES] - - - ZEFHEAVCES]

8 K EHTIN Lk

Fig. 8 Reactive power curve of generator

TBR, el BN 4] 60 Mvar [FAME L.
I H s BN R T, PR RELR R AR
e, FF3 R LTI H I B

KA H R A B MM AVC S8 5, it
BEVITCTNAMEBE £ BT (A i REL i s BRAEDKS A
=X 8) M RZA A I E L AVC g
BRI PR SRR, R i X I 4a
W WL AR, it sl B2 L s 4 2 PRAUEAE TR 1T
X 2 P, ANTFEBN RS

g RN, ZEHRPPEL W CSVC 1]
DL EE IR 52 B AT, 780 R AEAS TN
(1) H ML 15 B8 D) SRl A s iz 47 75 =X AR k)
HEHRMEEAT 7 5w, R it P JCTh fME2 1%
B RAERNE B
3.4 ERBITARTER A AVC RIS A E

AR AN BB ASA 1 B T i Rt K
I, e B BN TC I AME T % 1 FR I I Y

K9 FIiongs T it P9 TCTh v AR f Hh 28,
W N — AT IAME B, PN G it fELk
B R RIZI EBET 1.3 kVe

BEI, A2 EIIR A L B AVC H 3 S 1 440
TSR, BT — R R, T
ST R R e A 2357 kV RN
2343 kV, Wl 10 PRACERIZ TR, X80T DLk 4

120 225

100 2245

©
&
R

2235

o
&

A 14 G IMVAR)
1 2K (kv)

40 \ 23

1
1
20 i 2225
\
0 222

¥R
—FREY - - TREE

9 No. 27 #iRub Ty = T M FLTh 55 = ra JE fh 2%

Fig. 9 Reactive power consumed by converter station and bus

voltage curve at No.27 node



-26 -

& 0% EP DA

St o
5% 3Tk

SOBJE®KY)

i

1 21 a1 61 81 101 121 141
PR
— kil — - ZERHEAVCHRLEEE

[ 10 No. 28 F#RTim FREHIZE
Fig. 10 Pilot bus voltage curve at No.28 node

DRI A 8 PR REZR Y i LR AE SR A v B, 4%
il A FEALRFEERS I E Tt g, 8143 No.27 ity
RSB IR BRI, KA T REATAS NI 14
L TC I AME L £ XA o

No.37 F1 No.38 & LAY s (e T il 11,
7E No.27 b 15 BN —H I MR & A, %
DX 35k P 4 i F AL E s D AR R, JFE
% AVC #EHIHE IR G, X EEHLA et )
B BB IE K

1§ 15 G TH(MVAR)

HiE R
No37REHEIH S = — No3sREHMEHA

[ 11 No. 37 #A No. 38 K A FLThH ST dh%k

Fig. 11 Reactive power curve of generator at No.37
and No.38 node

P ECEE R, M AVC IR HIR R Gis
A7 77 AR S S O S A, fRAE AVC
PERIVH SR SR 5 2 Fe P T OCAR VL AT, 8 T ik
Pl NI MR B R AN BB DT

4 Zig

AELD T HRARGHEAL R AEM G, H
PR VY Fp s R (iR 3 5, HFEE AN sk
TN P SRS, AR IR BT T A BT
G AVC [ IR 2T AVC I 51 6,
IR T UM ARG M ER ARG KA T N
I, KA H L AVC 528 i A M AVC 3R
W S FEL DR I 2 PR B A A7 BT I T 9 s SRS 1)
BRNE, FETF ARSI P H s 8 ) S kg 7 DY
U HEL D A R v R AT LRV B P R 4t R 4 45 A

(1]

(2]

[3]

(4]

(5]

(6]

R, PMEZR, aRAE, S5 BRI R R S AR
18 Jim H I AR AR I A B R AR TR SRS (0], F R,
2012, 36(12): 66-70.

WANG Jian-ming, SUN Hua-dong, ZHANG lJian, et al.
Stability characteristics and coordinated control strategy
of interconnected grid integrated with UHVDC
transmission line from Jinping to Sunan[J]. Power
System Technology, 2012, 36(12): 66-70.

M, FOPOR, AR, S XU BB A P o A
AR GE T R A RE SRR D], ) R g8 A Bk,
2011, 35(13): 66-71.

WANG Bin, GUO Qing-lai, SUN Hong-bin, et al.
Automation of electric power systems coordinated
constraint generating technology for bidirectional
interaction based provincial coordinated voltage control
system[J]. Automation of Electric Power Systems, 2011,
35(13): 66-71.

M, FPOR, PhEOR, S XU BB A P s
EEHI. RS ABhL, 2010, 34(12): 53-57
WANG Bin, GUO Qing-lai, SUN Hong-bin, et al.
Bidirectional-interaction based voltage control system by
coordination between provincial and district power
networks[J]. Automation of Electric Power Systems,
2010, 34(12): 53-57.

SREE, R, AR, S U R TE DT AR
FIDhREW T [I]. B RGO 540, 2009, 37(14):
72-76.

ZHANG Wang, HAO Jun-fang, CAO Sen, et al. Design
of reactive power control for HVDC converter station[J].
Power System Protection and Control, 2009, 37(14):
72-76.

WE 2, S, AR R B G Th A SR s
W] I RGRY 5104, 2008, 36(14): 48-51.
DAI Guo-an, ZHOU Jun-wen, WANG Ya-fei. Strategy of
reactive power control on UHVDCJ[J]. Power System
Protection and Control, 2008, 36(14): 48-51.

KR, ZFfenk, Jufh. B 1A e A N miE AL
HWMRETLINAG]. W THAR Y, 2009, 24(2):
158-163.

DI Tao, LI Hua-qiang, FAN Pei. Reactive power

optimaztion of AC/DC power system based on singular



WRTT, 55 e s S LR o5 PRI WM o P 328 Tl SR B Ay LRI 9 -27 -

(7]

(8]

[9]

(10]

(11]

(12]

value decomposition and interior point method[J].
Transactions of China Electrotechnical Society, 2009,
24(2): 158-163.

T, B, WE, E S ERE RS S
P, B ITHE AR, 2009, 24(5): 135-140.

WANG Feng, XU Zheng, HUANG Ying, et al.
Calculation of main circuit parameters for HVDC
transmission[J]. Transactions of China Electrotechnical
Society, 2009, 24(5): 135-140.

HGERR, MR, ZE, AF R AT EAE A R G
AR B W3 R R R e vk (0], R
KRR, 2012, 27(4): 81-86

GOU Xiao-yi, XIAO Lan, LAN Qiang, et al. The voltage
characteristics of UHVDC/AC hybrid grid in Sichuan
and the design of coordinated automatic voltage control
system[J]. Journal of Electric Power Science and
Technology, 2012, 27(4): 81-86.

RRZLAE, BREX, Wk, A5, %5 s B Rt SVC
LB AR BRI T B (], B RGEHR
ik, 2012, 40(10): 144-148.

XIONG Hong-de, ZHONG Qing, YANG Yu, et al
Research on simulation of coordinated control between
UHVDC converter station SVC and its reactive power
compensation devices[J]. Power System Protection and
Control, 2012, 40(10): 144-148.

FafR, SOk, V%, & S EIRE RSB
FIARVIEI]. B LEARZER, 2012, 27(5): 221-228.
ZHOU Jun, GUO lJian-bo, HU Tao, et al. Digital/analog
dynamic simulation for £500 kV HVDC transmission
system[J]. Transactions of China Electrotechnical Society,
2012, 27(5): 221-228.

HU Tao, YIN Yong-hua, JIANG Wei-ping, et al. Study on
method of digital/analog hybrid simulation for the
ultra-high voltage grid[C] // Power System Technology
and IEEE Power India Conference, 2008. POWERCON
2008. Joint International Conference on, 2008: 1-5.
R e s B TR EOR M. bt R E
AL, 2011

ZHAO Wan-jun. HVDC engineering technology[M].
Beijing: China Electric Power Press, 2011.

[13] FWPSK, PNZERK, FRAAHT, S5 B b I fshl mt

Y. B RS B3k, 2005, 29(23): 19-24.
GUO Qing-lai, SUN Hong-bin, ZHANG Bo-ming, et al.
Study on coordinated secondary voltage control[J].
Automation of Electric Power Systems, 2005, 29(23):
19-24.

[14] FWPSK, FhERK, KAAW], 55 TLIRM AVC EdiR

SMWFFERSLILI]. RS A3k, 2004, 28(22):
83-87.
GUO Qing-lai, SUN Hong-bin, ZHANG Bo-ming, et al.
Research and development of AVC system for power
networks of Jiangsu Province[J]. Automation of Electric
Power Systems, 2004, 28(22): 83-87.

(15] £, ZAEHIH O BRI HID]. b
PR, 2011
WANG Bin. A study on reactive power and voltage
coordinated optimal control for multiple control
centers[D]. Beijing: Tsinghua University, 2011.

[16] MR, KAWL, FODOR, & FE TR IX IRk

PRI R G Bk (0], B RS A3k, 2003, 27(8):
16-20.
SUN Hong-bin, ZHANG Bo-ming, GUO Qing-lai, et al.
Design for global optimal voltage control system based
on soft identification of secondary control zones[J].
Automation of Electric Power Systems, 2003, 27(8):
16-20.

WS AEA: 2013-08-27; 1&E A#A: 2013-10-23
&N

MO (1986-), %, @fEE, MEARA, AARF
W R WA A% LR EE S ; E-mail chenjlod@
mails.tsinghua.edu.cn

ROFE(1973-), %, MEARAE, HEAIAEIF, £i¢
BAAT ) R P

2 3% (1985-), ¥, AMEAHRA, BHERIARNN, £57
BE B M.



