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Fig.2 Overall data flow of integrated analysis centre
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Fig.1 Overall structure of integrated analysis centre
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Fig.3 Flowchart of model maintenance,
verification and release
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Fig.4 Storage and management of operation model
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Fig.5 Design of real-time mode for analysis centre

F149 BIL ) A k20> 43 B v s 22 T KB 52 A R
i, ARSI R AR A 2 Al Z (a]
Ayl G o SR AS A ) M by 2% S B0k S 25 45 DUIR
SAETHEE R K S 22 A ) R A R R
A ETE, XEET RIE R R S A A R E
— UK FLEE SR AL TR 25 55 — I 23 Hr v 1) Rl 4
1, P W RO 2 10 R 32 r o B9 25 IO 0 A A 4 3
RS RERIR S, XL TR TS
R E— 1 | SCb T 23 B RO 22 18] 8 Bl 52
Hi,

FIRE X T4 R 40, i TS b b
FANAE [F) — 3 o, e 2830 2 B30 19 % 92 P 20 A P F
PEAT AT X ST 2030 M v IRl Sy 2238 JL AN
AR AR A A IR S5, X Le g5 2R il — 4
HOL AL T DS — A O A TR BRSSO iR 55
B R TR M 28 B IR AN REAS 2 58705 B
DRI, 25 5 %5 18 I 4% 7 T30 v B 2800 240 46 1 LA
LR G Ty S BN | 2% T FEHIL 1) X6 0 a4 11 42
ARSI R 3 M 45 R R0, T X S B A 55
23 BEOWRS

TE L0 B B 55 09 245 0 e A A 528 UL T ) F A
3, T B 2 T 380 IR 55 1 28 TE A D) R 0 s A 52
WL, 5 RN B L M I 55 5 2 2 18 LA JH v
ORI BT IR 55 A [R) 3550 A i s A TR 28 2
WA 124770730 S8 0 AR 2 R,
DR T A 52 1 4 TR e 25 T 5 e A6 = A8 B T vk
B T T 1 S PR oK 7 SR B 1) R R T 9 ok
PEAT RS L AR 55 A B

oA OB BT 6 Fras, i 6 Tl
UL P AT B9 0 A i 22 g 15 FH 20 e 4
TR MR 55 HAE , 3258 H I B9 05 L7 2R 5 P A5 5L
RS E SN SR ST S N PN B2
58 BRI E R Regenf MG B4, PO
PEPE S B 3G |, S A TFRE T3 23 (]| 20 ZUAR P A5 A |

B4 B RS AT AR IR AT
CRAE SUUER LV E g B eNc R ATIE TR RN IR
N N it
[Bum | [ | (2% T ]

VRO IR 55
R RIS | [ 500 45 R |

XA A2

T JEE Al 1
ST AE R FakfEE
[ 548 i 5 A 4t
B o6 SO RER &I

Fig.6 Design of research mode for analysis centre
3 RAERIFERZESTRRERT EEF

R A HL A 3] JEE 3 B bR SR O AN AR AR A |
R RUAS BT ¥ R A% i Ak O A A X B A 9
JE O TELR BT AR R LR BOR AR A 1 LR D RE S
L5 T, R AR B D Re Al b ) TS A
RERTT 1] A e
3.1 “HESTEABEIESNHA

AT L Z8 G AN R S M AL L L
R R S R R e 2 P T B 7R R MR
N2 B R H B3E 2 RS RGN T R R |
AR | TRl 8 B2 v 3 AT REAR AR I Uil = 1A
SR 5 R R A R 1Y ARG S I R
F3AN P BE AT ARG S A B 51 45 22 B
2B o 7 3 B AR 8 P g s B A H

L as AR B BOs $2 0 | R 2 Bl 73
PR | Dk 26 i 2k 55 22 ) K4l v 23 A e R 1) i
FrRas kR S 2 B SN HL I 1 v
SRR A B R AT R T 4R R A R A AT N OO
WIS PERE T, Bl X S8 X0 o0 H AR 1 A W




(14)) ® 0 8 & iR B

£35%

e | DL B R SRR (R B R e B
A3 BT e A AE T BE ZR G55 At R R A B A
CIB5

32 BE&OWRGELZL

T s SR 9 B O R 22 ) E R AR R
F B M B 7 ik AT B IR & F - ol
GE GsAT 07 AEHESE TAE BT O SE I B AR
O R GORES S B LM A I R AR S A —
B, TR RGN L 2t HILE & a bt | &
HORAE R K ARG A B AT AR T T
Wiz A7 77 e HE, X 26 nT e 5 80 R A R AR AL
XF 1R 15 175 R AR BR VR AT Ok 1 Bl AL I B Tk e 5
A

AN AE S 4R TH LA K AR R 32 47 7 20
SR S T A 25 15 G v Ml B R A B A Ak
AL T IERE S, WY RELHERE AL
PERE T | M0 1A% 50 B 26 0 BT A A (91 40 BPA _PSASP
PSS/ E %) 5L B R G 2 [ 42 11 R e 26 0%
FE ZR G0 B8 2 A AT SR 4 A S A R I ) i
T, 32 25 52 BB 4R 43 BT 1 I e 2 A 8 = R ok 4
Mk BB R BT 0 2 —

33 AHEUSHAEERAEREBINA

[ B i VR 7 (R RE ALY A A X R R A
BN A () AR AL L B R A R AT R 4
RN B F= 0 far ) B R 28 A AR FE DA SR I B
B B8 A6 8 A S5 AT e R D I R A A A LA
KA Ak | IR (A5 45 Gt 10 B s IR A0 BT O 9 e
DL BT IR

XoF FEL IO AN A S 2 BT B v BRI TR A MR
i IS) DX T e AR i LS T ik L A
BTG F R R AT BT R AR
TR IE ) R T R TR R Y
Mo PR 28 2 A ik J H e A B ok 2 R R R &R
G SE bR N AR E T Tk Z —

3.4 iHXIgmH —E

— Al R R TR 3 T 4 W g — LRI R AR
4 P A Ay (1) TIN5 B A B 7 SR mT ] 48 5 IR 1) A 5%
{58 7T L ORI T 2SR B T T | X M
BT & ALA G — 31T & T RIECE ISE
BARAL S it a "B PR 5 AT
T H bRk 24 R i,

RHUAR A T A B U I B PR i ) R L (AR H R
T E ) A& AL J1i R B 2T TR 5 SEPriz 4T
115 0 22 3K 2 R RS K (8] A G N 2
J) PR ST R G B 4% 2R R i A X T ] R
FE VR 1) e R BT 4 AN R B R R 3 A L, il
PLSRF H N T RIE 8018 g 19 75 35 m LA o, AE 5810

Z PR BRI A B AR R A = L BN
THRVE B & G 1) 183 FORS B 225K

— Ak VA B R 4 o B 2 Az R e T IR )
B LRI E RGN Z R B 3R ) g i
R G R T A B2 HE 4 WS BN T A & i %
N i e g B A =TS B e 2R i
3.5 EBMEBRRERIK

B PSR o B B B AT 1k R TS R R
I | Bt T L P JERRTBE T 1 B2 TR A B T R
IR FE R F Rl B e SRR 2 3 S DR ) S T
TR 5 1) % JR | DT i e R 5 1 5 B R ST FH M

Ho | HL N3z A7 AE S B U SR T 2 A
Bl A B 2B RE B 32 W Sk 2 5 B DR M)
B AT 1 25 A A PSR i F X AE 2 e Ak T R
B Mo F AR I T 1 B L PRk
R E LA AR ST 0 R,
3.6 HEMBAEZEEITEM

FL P 8 B 2 AT I DA 2 B T R R 2 AT 4 i KO
()R ZLAYT | H AT E O B s AT R PR AL I 4b F
AN T 50 ¥4k Sk 32 % D o 50808 19 87 5848 b 0 Bt
VR MR R BB, 6) L 9 3232 17 (14 BB A0 AT A
NN R TR 2 T =3

A HL ] AT BE PR T B AT
O GRS R G DU W X B s AT
LR MR AR IR SEE H R A2 1T 25 A K F
MR EIPAL P2 A BT AT P Ab I, SZ
W) 22 4 A 7 (1) B 25 DA A A RN R S VR sh e Ak | 42 iF
P X 908 2 A 25 A KT 4 T

4 H5iE

N T AR HL R B AT R A A MR I — 1R Ak
FRAE WA | F ) S Al A SR PR R O OR AR SCHE T
“WyELor AT 2 ARG — A 4 A e R ) 4
ARSFFRG BB BT — AL 7B bl 1 SR
ZUHE I XA T Y rputs TR H IR 55 M B 4R
Or s AT TR, FELSER B A TR
oK HEL IO 3 B2 R G O M bR SR A DT 1) | D BE R G M
PRI AR T 2%

SELHR .

(1] EZ R ). B 5 0. 2020 AT 42 I A 4L — « U2 5 2 fE L )7
[EB/OL]. [2009-05-21]. http: //www.sg(‘,(:.com.cn/.

(2] %85 2255 REHTANZ C, %, 58 B8 L 100 (19 44 A 4 g
MAIFFR[J]. BMER ,2009,33(20) : 13-20.
YANG Dechang,LLI  Yong,REHTANZ C,et al. Study on the
structure and the development planning of smart grid in China
[J]. Power System Technology,2009,33(20):13-20.

(3] ¥, Bt i 38 B A s b R R REH (T, AR
2001,25(12):1-10.



% 128

T S Wy BN 2R P SR R I AR G — AR B P SR B @

XIN Yaozhong. Development trend of power system dispatching
automation in 21st century[J]. Power System Technology,2001,
25(12):1-10.

(4] B A, masf 55 i B S ek RiEHRE (]
MR GEA BE,2007,31(13) :7-11.
YAO Jianguo, YANG Shengchun,GAO Zonghe,et al. Development
trend prospects of power dispatching automation system[]J]. Auto-
mation of Electric Power Systems,2007,31(13):7-11.

(5] Whak s ™k A AR S, ob [ (o RE D E o S B S R (] ].
MRS A Bk ,2009,33(17) :16-20,48.
YAO Jianguo,YAN Sheng,YANG Shengchun,et al. Practice and
prospects of intelligent dispatch with Chinese characteristics[J].

Automation of Electric Power Systems,2009,33(17):16-20,438.

[6] FRAAW], Fhsl, 52 30 L 45, 20 AE A 1948 ) O B A o ok e R
[J]. RS AFE,2009,33(17) :21-28.
ZHANG Boming,SUN Hongbin, WU Wenchuan,et al. Future de-
velopment of control center technologies for smart grid[J]. Auto-
mation of Electric Power Systems,2009,33(17):21-28.

[7] EIER SRS B/ 55, HL iR BB AT B OR [M ], dE st

HL 7 A, 201 1.

[8] WU F F,KHOSROW M,BOSE A. Power system control centers:
past,present,and future[J]. Proceedings of the IEEE,2005,93(11):
1890-1908.

[9] #R R B, W RS A L& A BT At 558 .

77 A 8 4% ,2009,29(5) : 113-116.
JIANG Hongtu,YUAN Yue. Design and implementation of inte-
grated application information platform for electric power system
automation [J ]. Electric Power Automation Equipment,2009,29
(5):113-116.

[10] WEEE b BEAR SRl 45 T 16] oK S 356 v ) () 98] B8 e R 3¢

FERGURMIBE (1], B RGE AL ,2013,37(21):52-59.

YAO Jianguo,YANG Shengchun,SHAN Maohua,et al. Reflections

on ()perati()n supp()rting system architecture for future intercon-

nected power grid[J]. Automation of Electric Power Systems,

2013,37(21) :52-59.

AR i Wt I 45T 1) 25 AR Y L T SR AR

JEBEH T CHEREAR (], WK 2014,38(1):33-39.

YANG Shengchun, TANG Bigiang,YAO Jianguo,et al. Architec-

[11

[

ture and key technologies for situational awareness based auto-
matic intelligent dispatching of power grid[J]. Power System
Technology,2014,38(1):33-39.

[12] B, B TR LA, & XA 00 0 R nit 8.
5 A, 2009,33(16) :87-91.
DONG Lei,CHENG Weidong, YANG Yihan. Probabilistic load
flow calculation for power grid containing wind farms[J]. Power
System Technology,2009,33(16):87-91.

[13] ZHANG P,LEE S T. Probabilistic load flow computation using
the method of combined cumulants and Gram-Charlier expansion
[J]. IEEE Transactions on Power Systems,2004,19(1):676-682.

[14] AR SR BRar s, 55, TH R AR 5ERH OCPE 1 2 R 8 &
MR ERL()). P E AL TR ,2012,32(28) 1 104-113.
SHI Dongyuan,CAI Defu,CHEN Jinfu,et al. Probabilistic load
flow calculation based on cumulant method considering corre-

lation between input variables[]J]. Proceedings of the CSEE,

2012,32(28):104-113.

[15] MORALES J M,BARINGO L,CONEJO A J,et al. Probabilistic

[}

power flow with correlated wind sources[J]. IET Generation,
Transmission and Distribution,2009,4(5):641-651.
FSFAR A ok A A RUH I R S e A R IX [
WA, I ARS A SE,2009,33(21) : 82-86.
WANG Shouxiang,XU Qun,ZHANG Gaolei,et al. Modeling of

[16

—

wind speed uncertainty and interval power flow analysis for
wind farm[J]. Automation of Electric Power Systems,2009,33
(21):82-86.

TV M SRDCR A — Rl 2 AU S Bk 8 i TR X
WA [)]. T EE LT AR SR ,2013,33(19) :76-83.
DING Tao,BO Rui,GUO Qinglai,et al. A non-iterative affine

[17

[

arithmetic methodology for interval power flow analysis of trans-
mission network [J]. Proceedings of the CSEE,2013,33(19):
76-83.

BER A7 5 W RE SE L T OR35S AN A E P
L) R GBI ()], B THOR#41,2010,25(8) : 116-122.
HONG Lucheng,SHI Libao,YAO Liangzhong,et al. Fuzzy mo-

[18

—

delling and solution of load flow incorporating uncertainties of
wind farm generation[]J]. Transactions of China Electrotechni-
cal Society,2010,25(8):116-122.
[19] THs &5, s, A, R TSI R AL ) R
FW R[], O RS A K ,2009,33(21) :32-35.
YU Han,CHUNG Chiyong, HUANG Jiebo,et al. A probabilistic
load flow calculation method with latin hypercube sampling[J].
Automation of Electric Power Systems,2009,33(21):32-35.
[20] T, Ent it 28, STV R T MW REER B RGM
R[], P E AL TR 2R, 2013,33(4) :163-170.
DING Ming, WANG Jingjing,LI Shenghu. Probabilistic load flow
evaluation with extended latin hypercube sampling[J]. Procee-
dings of the CSEE,2013,33(4):163-170.
AR, BB L. B T2 R AR i n BE LI U AR 22 4 (). B
47 A ,2009,33(18) :32-37.
HU Zechun,WANG Xifan. Error analysis of the probabilistic

[21

[a—

load flow based on cumulant method[J]. Power System Tech-
nology,2009,33(18) :32-37.

[22] BT AL R B AR A —RhE XUB L ) R e H R R B R
TR f5 ORI [)]. WL J1 A Sk B4 ,2014,34(5) : 21-27.
ZHAO Jinquan, TANG Jie,LUO Weihua,et al. Day-ahead gene-
ration scheduling and spinning reserve decision-making model
for power grid containing wind power[J]. Electric Power Auto-

mation Equipment,2014,34(5):21-27.

EEE

A (1973—), 3 A ERTBEAN S
BILARN L KNF 8D RASM KFREL
% 7 (E-mail : fengshuhai@eprisgee.com.en ) ;

W E (1963 —), 8, xhdmiB A AR
RAZHHIAT ML NFELHELEDEH
At % fe s B o e BT AT

MREAR(1973—), F i FRA L
RASHRIAF ML AFHEE R LS
MR B B S A & e BT,

Y i



(144] R R 835 %

Overall design of integrated analysis centre for physically-distributed and
logically-integrated dispatch system
FENG Shuhai,YAO Jianguo, YANG Shengchun,YU Yijun,ZHUANG Weijin,
ZHANG Hong,TANG Biqiang
(China Electric Power Research Institute,Nanjing 210003, China)

Abstract: Since the construction of UHV grid makes the operating characters of power grid more com-
plicated and its integration feature more obvious,the analysis and decision-making of dispatch system needs
an integrated analysis function,which can’t be satisfied by the traditional dispatch system. Based on the
overall concept of “physically-distributed and logically-integrated” dispatch & control technology for entire
grid,an overall architecture of integrated analysis centre is proposed and its model center,online analysis
service and offline analysis service are designed in detail. Combined with the demands of future power grid
for the analysis and decision-making function,the development direction of analysis and decision-making
software for future dispatch system is pointed out,providing a reference for the R&D of online power grid
dispatch and decision-making.

Key words: UHV power transmission; physical distribution; logical integration; model centre; integrated

analysis and decision-making; dispatch automation system; software design
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Effect of DC bias on transient transferring characteristics of current transformer
GUO Yifei,GAO Houlei
(Key Laboratory of Power System Intelligent Dispatch and Control of Ministry of Education,
Shandong University, Ji’'nan 250061, China)

Abstract: As the DC bias caused by HVDC power transmission and geomagnetic induction becomes more
serious,its effect on the transient transferring characteristics of CT(Current Transformer) should be analyzed.
An equivalent analysis model is built and the effects of DC bias and initial fault angle on the transient
transferring characteristics of CT,especially the initial saturation time,are deduced and analyzed in detail.
The transient transferring characteristic parameters of an operating CT in an actual power grid are
calculated by MATLAB programs and the quantitative relations between the DC bias current and the
initial saturation time,between the DC bias current and the fundamental of secondary current and between
the DC bias current and the second-order harmonic of secondary current are obtained. The conclusions of
analysis provide the references for understanding the working state of CT with DC bias and for the setting
of relay protections.

Key words: DC bias; electric transformers; initial fault angle; initial saturation time; electric fault

currents; fundamental wave; second-order harmonic current; transients



