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Abstract: Traditional automatic control systems are deployed in independent control centers, while the power system is
interconnected and controlled respectively. In order to simulate this feature, the global power flow calculation and power system
closed-loop control for multi coordinated control centers is proposed. Some key technologies are introduced, including the
standardized model combined/split technology, the continuous data section fitting technology, multi-user scheduling and parallel
processing technology, the slave station simulation technology, etc. By comparing with the real-time system and dispatcher training
system, the features of proposed method are described. Based on the proposed method, the China Southern Grid simulation system
integrated for grid, provincial and district power system is constructed, which can be used to verify the coordinating control strategy
among multi-level hierarchical control centers.
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Fig. 1 Structure of simulation system
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Fig. 2 Flow chart of control simulation system
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Fig. 6 Sketch diagram of continuous sections simulation
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Fig. 8 Flow chart of power plant control simulation

B S A UL TE S R, AR
U RGEE I “ 257 (IRTORIIN. AVC 24847
TR 2. LRGN “ZHIX” 1
THEL AR IR S A, O 128, DAL
PR FLEEK

3 AR

AT I A ST 1S ST R R LD
DTS 1/ EL0F LG Y AN 7 T A it B AR STV 5
3.1 5EXFRAFZRIFTLE

P o 47 ) 3R 48 3 FH RS A v R U R A A
DV, AR Z A TET

(1) AU bo SEBrdss il 5 48 1) £ i K
TSR RGN 2B M ERSEW
SCADA Hdf R A2 U A (BUESEHE LAY
L Iz AT 7 A s i

(2) $RAPAT B SEFREEHIRGE M EHITE S
Hm O e EE RS (Energy Manager
System, EMS) #2184 1N kA ubm It
YER T SEbr i) RS8B4 R 407 AR 14 il
e T 2l AT AEH R R RS B, N
[l S P LN R E G H A e

(3) Ffliidsk bo T E M OB S IR,
7 LA I R G ] SE I sk FL Y I B A s A TR AR
CRLFEMAUL PR 55 mT ) 6 R 2R 498 9 400 S5 AN mT il
), FREE AL S T s RS
R, IR TR T A BeR 24 M s AT
R

(4) XPEEsess bo BT A EdEbrm, 1
BRI R G nT LAZE H &R AR 0T 28T AN R4
BOR, PRI SE RO AT T LS L ) R A AR A
FEBNBATIRAS T8 AH A 1 PR3 A I 18] 5 B R B
3.2 5 DTS {AERIXTLE

AILTTE R SCADA %idis K AE#R IR T DTS 1
B G BRI T R B AR STV
AR il RO EHLRRLT DTS 2 & K H
PRSI H A B R ZS . PN R I IX
e

(D HARF. DTS Wi EFE, HH
I TRE N CRIREE G20 0F e (At PAIEA
7 LR G T 50 UE B sh 4 ) 2 58 04 ) 5
s

(2) EHRIRTE A .. DTS bl G A
Tl A R R AR, LSRN o) R —
AL (R I B, b A0 iR oA T 2 AN O
(B¢ DTS RGUATEEG 7 5 M0 5 RS



A,

20 A T 2 ) R R AL T A N PR A R LR B - 57 -

FEHIR GIE ML) RS, SR 0T
DL 25 1 110 R X AR S A 70 37 s B3 8 b o1 e
W AH R A I SR A FH T3 A J L

(3) /88774 Ti AAH . DTS IR H
AN GREERD 4 IR EEIMT IR SR A
VE B & 4as il oL () B B i R g i 5 A 3
JA A

(4) SEIIEEATR . DTS AMHEE I FE A
FULRESCIN ST B, AMERERRL— s &5,
W RERPMR I & BIE . R ILR G K4
W E S TSI — e (SRR ),
SUSEB T — IR £ 17 Sl I BLSEB T A4
W) TR AT ThRE. 5 DTS REEMIEL, HAExHE
TR, BAETE IR, XA R D,

A, 5 DTS AHEL, fefadssst] O
gz il RO R R B0 T, ASCTEA
EERIm IE RN

4 RFIH)

SEFASCEAR, Bt se L T R A A
A 11 4 = HLL A 05 L e FE TS Bl L s P A 2
ARG W9 P,

M
o 1 @ e 1 <’JFDJ
A

fRfscADA

AR [t

e 4 I
@ R -

9 W& — AL RITEIZH R gL

Fig. 9 Simulation system architecture of grid-provincial-district

system integration

TEREARZERY b, AN I HI RS h 8 il
MLAL, o 1 & H T8 SCADA $ids & 2E %, 1
& TR 9 A AVC 0k 248, 5 & T
5 AN AVC B RS, 1 S TERUE AVC
RYE, X 8 BT 100 M A5 1 R M TR

EHARATH I, R SEBL AVC #EHZhRE, M.
A HE AVC EHLAT B S 5 R AR A AT <
B, JFHON TSEB A RIshRe, BT RIEHIRSE

Z i) CRE: P8 2 (R DA S 8 bz 1)) 4y ) 5 A H
AT R

TERLRARI b, 7 B R G0 S BRI 3 S 31 1)
FET CIM/XML A% 2 1) W9 48— A& 4 Ja v R 455 204 S
P, Rz ARE I 5N B A AR 28 AR 48 4 )
HL 5 I AVC RSl 4 e e AR A s 441 AVC
FR G0 A0 H (1) F AR AR et pl 4 S F D ABE R 9 4 1 R
CRRBE T AB NI 500200 kV LS R); M
AVC RGCR AT 120 NRST 5SS X 258, REANE
S SERa o3 R B (D) 1A 220 kV Fumi ik
2k b, BARS R UE A /YR T TR o B
2 B S AT A Th/TC T o 8t ) 22 i e e X R
bR BN S NGA N ) Y i = N g2 S & el 5
4 M — Ak 4 SR F D D R AR

K10 25 7 re P TR ) AVC 17 5L RGeS

3 520. 00,
| 538. 64 539. 00 540. 00 520. 00,
0.00[  530.00  540.00/  520.00)

28. 530. B 525. 00
539. 65 539. 00 540. 00 520. 00,
- 531.27 533.22 540. 00 525. 00, JJ

KillSLEMME  532.98|  535.46  540.00  520.00
KA KE[- _ 530.13|  532.13 _ 540.00 _ 520.00
| RS [ LR [EREEH | BHER | ResEHR | Bigko |

EHIEE (3)

A ERGASVCER

10 AVCIIERGFERE
Fig. 10 Main frame for AVC simulation system

AT RE S Wi yIan i ohn kg . £
TIE R R =AW B, #5048 Wl AVC KRG 2RA0L
IRESE R ATIT

BT g5 T 5 B BB K U s e (E A
Feim AR S AR A 25

s ) B EE —
EEE PHERER | AT | FEEE |
rrrrr ;
EE | i
ég% i - FeE s 500kVEMET CEETRE) |
eaTar | I S (0 |
%2 =
ek w0 4%
e HERE
FIRE5008 | L, o
R 5008 1
renas 4,
Jif 82 500kVE2M &

D:/ems/data/sve/fIIRHIZR.

]

B 11 B BERBET kL
Fig. 11 Changing curve of plant bus voltage

MUAE N, SEbrRGAREL, %) R
BREG BRI AE BRI, egeid 25 b
KT, BEPEI I BOE(H .




-58 -

&) &GS

5 B4

AR SCHR Y T Tl 22 428 1 v oo B 38 ) L IR P A
PRI R, IR RS EOR . ATk
ANE ] RS2 5 PR ) ELIEG— A TR ) BE S5 AR
I T LURRADL I 2 L 73 S 70 DX B2 R A B e (B
VIR, ASCUTT TSI 0 A% i 2R G A 22
PN TRE DI 0 5 o 42 ) AR G 36 1 R)— A2l
Lo PRI Al — S A L s T (R
T8 5 IO R AR VR AR M T Rede 11D, A2
HARMII RGHRIRE ST, A 7 B2z )
BN =R E 2 B AT E RS

HAT, ATHREAHCENH T XY A3
Fi A HAAE 5 545 B g sl oo 1 0 ) v, 4% o S s
DRI AT i AR VAR RE Z it I AUV WL R AN 7))
VAR R BLIAER . W S5 RN, A SO Rg R
AR SR L TR B R G S o0 X A TR A
RO ECSE IR SR P 3 5, R o5 Pl )
TBAR A TS B R T B
Sk
(1] b, OB 2L W B S B O # (0], W

MR, 2001, 25(12): 1-10.

XIN Yao-zhong. Development trend of power system

dispatching automation technique in 21st century[J].

Power System Technology, 2001, 25(12): 1-10.

(2] SKREE, )R, SR HL A M L I P 1
WA bR B B[], L BOR R, 2013, 28(3):
254-260.

ZHANG Yong-jun, LI Qi-feng, ZHANG Xi-tian. Game

payoff function modeling for game of provincial and

district voltage control in large-scale power grids[J].

Transactions of China Electrotechnical Society, 2013,

28(3): 254-260.

(3] Wi, Tk, et 40 i AR K it 2 A =X XU HL 23 L
B G U8 5 g U], B TR 4R, 2008, 23(11):
123-130.

CHEN Ning, YU Ji-lai. Strategy for decentralized

autonomous regulation of distributed wind power

considering system frequency regulation demand[J].

Transactions of China Electrotechnical Society, 2008,

23(11): 123-130.

(4] wU, RE, W53, MO 2 el v ) R T
A E PRI S (7], WL BOR 4Rk, 2009, 24(1):
146-152.

WU Cheng, XU Zheng, CHANG Yong. Effects of high

side voltage control on the small signal stability of power
of China Electrotechnical

systems[J]. Transactions

(5]

(6]

(7]

(8]

[9]

(10]

(11]

(12]

(13]

Society, 2009, 24(1): 146-152.

FRAAEA, PhERK, RICHE, A5 B RER MR RO ER
AR D] IR SH31E, 2009, 33(17): 21-28.
ZHANG Bo-ming, SUN Hong-bin, WU Wen-chuan, et al.
Future development of control center technologies for
smart grid[J]. Automation of Electric Power Systems,
2009, 33(17): 21-28.

AL, R, 2EFE, A S ORI R AR E
3R RIS IR [T]. T HAR SR, 2012, 27(1): 56-62.
DENG Wei, TANG Xi-sheng, PEI Wei, et al. Voltage
stability and control technologies of micro-grid with wind
powerl[J]. Transactions of China Electrotechnical Society,
2012, 27(1): 56-62.

ARCIDIACONO V, CORSI S, NATALE A, et al. New
developments in the applications of ENEL transmission
system automatic voltage and reactive control[R]. Paris,
France: CIGRE, 1990.

R, gkoris, B, HEREETRS (AVE)
FERCH) DN T [T]. L R GEOR P 54200, 2000,
37(4): 32-35.

TANG Jian-hui, ZHANG Li-gang, ZHAO Xiao-liang.
Application of the auto-voltage-control in power plants[J].
Power System Protection and Control, 2009, 37(4):
32-35.

W, TR WM AVC ke A2 il SR R
1R[J]. W RGELRY R, 2010, 38(16): 147-149.
XIE Feng, WANG Xue-min. Security constraints control
strategy optimization of AVC sub-station system in power
plant[J]. Power System Protection and Control, 2010,
38(16): 147-149.

Bk, BRES. HUXHM AVC RERIHS ST B
RGAR 1, 2008, 36(23): 41-44

ZHONG Yi, CHEN Rui. Design and realization of AVC
system about area power system[J]. Power System
Protection and Control, 2008, 36(23): 41-44.

EBE, T, BRAGE. 258 R R ASE K E B LS A
FEHI. RGP S, 2008, 36(12): 31-34.
WANG Kuan, ZHENG Yong, CHEN You-jian.
Automatic voltage close-loop control with voltage
stability[J]. Power System Protection and Control, 2008,
36(12): 31-34.

v b, WRSE, SR, AF. R M A S R
(AVO) R it KSEBL[]. " REEA B L, 2004,
28(8): 20-22.

LI Duan-chao, CHEN Shi, WU Di, et al. Design and
implementation of automatic voltage control system for
Anhui power network[J]. Automation of Electric Power
Systems, 2004, 28(8): 20-22.

ROk, VR, TRAAW], &5 TLARHIM AVC TR
S RSCIL]. B RS B, 2004, 28(22):



PGS, S8 IO AR H R R T S A T R S - 59 -

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

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.

CORSI S, POZZI M, SABELLI C, et al. The coordinated
automatic voltage control of the Italian transmission grid-
part I: reasons of the choice and overview of the
consolidated hierarchical system[J]. IEEE Trans on
Power Systems, 2004,19(4): 1723-1732.

CORSI S, POZZI M, SFORNA M, et al. The coordinated
automatic voltage control of the Italian transmission grid
- part Il:control apparatuses and field performance of the
consolidated hierarchical system[J]. IEEE Trans on
Power Systems, 2004, 19(4): 1733-1741.

LG, W, EAEY, 45 AL 500 kv R HAVC
R LRSI B RE AN, 2005,
29(17): 85-88.

WANG Zhi-tao, HU Wei, XIA De-ming, et al. Design
and application of HAVC system in the 500 kV power
grid of Northeast China[J]. Automation of Electric Power
Systems, 2005, 29(17): 85-88.

MRiets, FITE, EIRAL, 5. VGG i R
RGN BMECR, 2007, 3138 T 1): 34-38

CHEN Xiao-bing, ZHOU Qun, WANG Qing-hong, et al.
Voltage/optimization control system of Guangxi power
grid[J]. Power System Technology, 2007, 31(S1): 34-38.
FWPK, L%, TI0T, SE IRk AR RS
S WL R BRE T RGN H ] ) RE A B,
2008, 32(5): 95-98.

GUO Qing-lai, WANG Bei, NING Wen-yuan, et al.
Applications of automatic voltage control system in
North China Power Grid[J]. Automation of Electric
Power Systems, 2008, 32(5): 95-98.

SUN Hong-bin, GUO Qing-lai, ZHANG Bo-ming, et al.
An adaptive zone division based automatic voltage
control system with applications in China[J]. IEEE Trans
on PWRS, 2013, 28(2): 1816-1828.

FRAFHT, Wt 82 3R T AR S8 BRI Jie
AT HMER, 2002, 26(7): 60-66.

ZHANG Shen-ming, YAO Jian-guo. Current simulation

and development trend of dispatcher training simulator[J].

Power System Technology, 2002, 26(7): 60-66.

INEOR, RICA, TRAH, A5 R B ARSI LR
SERHRF L AL S YT RE[)]. B RS A B K, 2005,
29(7): 6-11.

SUN Hong-bin, WU Wen-chuan, ZHANG Bo-ming, et al.

New features and function extension of dispatcher
training simulator[J]. Automation of Electric Power
Systems, 2005, 29(7): 6-11.

[22] IEC  61970—2003 energy management system
application program interface (EMS-API) part 301,
common information model (CIM) base[S].

(23] SK4EHI, XIE5E. IEC61970 bl RAUFA[I]. TR
4 251k, 2002, 26(14): 1-6.

ZHANG Shen-ming, LIU Guo-ding. Introduction of
standard IEC 61970[J]. Automation of Electric Power
Systems, 2002, 26(14): 1-6.

(24] FHED, BEHPE, PRI, . RSB EARIE

W5 E[]. W R %A Bk, 2006, 30(10): 48-52.
XIN Yao-zhong, TAO Hong-zhu, LI Yi-song, et al. E
language for electric power system model description[J].
Automation of Electric Power Systems, 2006, 30(10):
48-52.

[25] RIcAL, sRAOW], AR, TR B3l R G858 N B
FERLR 9T S BLI]. B EBR, 2001, 25(9): 28-32.
WU Wen-chuan, ZHANG Bo-ming, XU Chun-hui. Study
and implementation of real time database management
system(RTDBMS) model applied in EMS[J]. Power
System Technology, 2001, 25(9): 28-32.

(26] BEMITE, EWHLL. R B e A A 5 Sk
M]. kst SRR A, 2006.

(27] 2w, & THEE ORISR R S 5
[D]. Ri#E: KIEH TR, 2005.

LI Chao-hui. Research of a configuration model based on
component and its platform implementation[D]. Dalian:
Dalian University of Technology, 2005

[28] LIU Yi-feng, GUO Qing-lai, SUN Hong-bin, et al.
Network model based coordinated automatic voltage
control strategy for wind farm[C] // 2012 IEEE
Innovative Smart Grid Technologies,” in 2012 IEEE PES
Innovative Smart Grid Technologies Conference, Tianjin,
2012.

[29] £, ZAEHIT OB HID]. b
PR, 2011
WANG Bin. A study on reactive power and voltage
coordinated optimal control for multi-level hierarchical
control centers[D]. Beijing: Tsinghua University, 2011.

Yaf= HEA: 2013-10-08; f&€E HHR: 2013-11-20
EEEN:

BEA (1985-), 5, Mit, AR F @ AN N EZ%AE
A Fh1k;

I M (1984-), 57, @faHEH, L, R H @ AR
JE B e gy & mAARAE 4], E-mail: wb1984@tsinghua.
edu.cn

A4 (1977-), B, HE, L, L2HRFTEAE
AR RIEATE R, T—REH A AR,



