E335% 18 € 0 8 % w it B Vol.33 No.1

2013F 1 A8 Electric Power Automation Equipment Jan. 2013
Fe TP B A FLsh S I H &R 58
ot ik, LS

(REXE FHRLAAFTARELERE XFE 300072)

WE., ARRETFHERSA TSR INGARAANERRA - R ARG ARBRALRBH ERFT
FRR AV N 3 Mk Ay BAE R 5 R 3k M A5 A3 R %Ay AR e o BT Ay AR 3 iR L B M R AL A
LR AT AR E N AR M ML KNG 45 R 5 R X TR 54 BRI S AR 69 R
BE,ABE—RAGMERABKRRTAF R ERE BT —Fi AR ST TR TG AR
o EHIM XA AT ARSN B FX—RAGRERN G SHMAE R AL FIEIT Ak A=K
E AR B

L, Tk, B, B, MAMERMEE, MBELYS
FESES. TM 743 NXEFRIRAD . A DOI: 10.3969/].issn.1006—-6047.2013.01.027
0 3%

H A, A i 55 I B R G E o —Fh I AR f ob:
TANBA R T P B BRR A R AR sl 55 )1 °e

HARGFZREY, KRNI H RGN — K FR
Ge R I ARBCT 05 L X “ IR ARG AR M S 5,
N TR IR RS IE W I81T, ZOR— RS
B 07 ELER A AR A v T AR U v TR AR S

) B 1 #pEsEE
V5L BE — Ve oy =] S (5
EE/JILFL@%EQU\{MEEOIL{m ?Eﬁ%ﬁj‘ I.é > 8]0 Fig.1 Fault model

S HL G YRR G 0 UL (05 2 5 B 58
BTE Y BRLR SRR MBSV T LI B LR
S A T MR | WK R
e 0 e B A5 S ST T L B9 5 1 P o 3
SR Y ST R R SR 1 A 3 P O 2R
B 52 B 7 20455 B 60 5 ZUREH  FH 2 48 )
7 2 P O R o T2 LR O P O
Vel A TR B RELR S SR Bk s RS o D
AL Z I FU P SEH0BB JE (POG )R Dy 2T P o o

R SO T R S DL Rk Vel 2 T AR B TSR35

TG G 5 KGR A 0 5 IR X 52 0 2 4:LWﬂhﬂ;_ C=Co | (1)
(0 F 4 3 T — BB et v T R G T 30V L+2m L-M

ES S —4/ Ce+2C,
2=\ Lvan 2)

Rt Rt Rt TR 5 Rio R JRoo T T BRALL T [ 5 s
JHG e 2% v L 50 (L PR i e e B TR S5
AL PR T B TP S RO HL Y 3 BE R
Y $EEE RN 1 WL A O A
SRR I 28 A 3 T ) 29 T 77 208 H s B R
X A A LR SR /N ARUORB S 53 e A
7 S A A 2 725 45 T TR D0 B e 5 {1 ol J 010 4 ] 2

1 THBFERENS R Horr L Ce 53 90 S 4 A B F 22 1 1 JR% RN G L HL 7
A > £ I 3 B 7w
UL AR R G e gy MG I RTOAMILE RS
ST B FLZE BN A D 1 % e 1 2 o S A0 500 TR S o B A
i 5 3 [T B0y 3 7
(P 1 f R, Ry R T BUBL 2R e R, IR RIZ RIS
YR8 22011 - 09— 24 6 B B 882012 11-26 s (1) e (£ =T
HELTH. R A AHFELFIT B (50625722,50837001) ; Ly |==Y1 wp(t=To1) | =T | 0 (t=To1) |—
R & 5 A AR K R %) (973 3 %)) % B A B (2009CB- L. U (E=Ty) Gne (£ =Tt
219700)
Project supported by the National Natural Science Foundation U (1=T,2) } Uoma (£ =T2)
of China(50625722,50837001) and the State Key DeVelOpment Yz ukb(t—Tmz) I_TZ ikmh(t_TmZ) (3)

Program for Basic Research of China(973 Program)(2009CB- .
219700) U (1=Too) } Ume (=T



%18 B ik , % HE T U 209K W 0725 P B 0 2 R (143)

WhoVoa . R/2
o >

R/2 i 4
w, U, ks Uy
a me— <

Uf, M) }'lz‘ Uy — Unb ]LZ ﬂ Uy
; Z Zn ;
2] 2] 1 ()2 L[]
ul(.ﬂ)}'lzuk. 7 - - 7u,,,.1'i2 (ﬂufm
2 WKL NEHESEBE
Fig.2 Bergeron model of transmission line
_ o FRA I3 — P 0T, AT K A el £y AR R ) i
]lrma uma(t Tm]) l"‘dvﬂ(t Tml) R A N - . o N E - /'l-"—| L
Ikmb :_Yl uml)(t_Tm]) _Tl imkl)(t_TmI) - j:j 1 Liﬁm{ﬁﬁ*ﬁﬁ%\ﬁq: ! /f%,fﬁ/‘*iﬁ%*uj\m
Ikmu urrw(t _Tml ) iﬂ%c(t _Tml ) {BE*%:Q% ©
uma(t_Tm2> imka(t_Tm2> 2 ﬁam{ﬁﬁ*ﬁﬂ&mﬁw
Y 'mb 1T, _T .m‘) t_Tn 4 . IO N
P B @ TR S B A TR B R
U (U —Ey, Ui \U = Ey N e A \ oL N b s
i A T A0y e, O 0 2 P O 4 T L 3 A 475 ELASE B3
1 111 1 111 Frid Y e

Ty 111 Y=g 111 EEP ISR C LS TR S LRI
111 1 BEER I 4G FR 78 R A% 10 25 R DR 4P 005 K A
2 1 -] 2 1 -] IR IR 40 i e ina i e, B BCREER 1 REZR 2 BR2E 3
rel|.1 2 21| vel |21 2 o1 B T 9 9 M H A 8 v L A I B
31 21 o S 5 8 e 0 53 1 5 P R PP 4 P 3 o

g o s ALk T B A B ) A 20 A 8 O
7=\ (C,+2C,) (L+2M) , 7,,=\/(C,=C,) (L-M)

Hordr | 2, B Z, 43 30 o 0] 35 0 7, T, 68 IO 0 AT o e L s
BLE 2 o0, Sy, g S
T AR M 0 0 2028 K A TR B e, Lo _§w<30*/ 9.

7,0 WOROBAE R VR (L 0 B RO R ga
B EEE5BAEESEE

M2 Al 0l 2 % VP i L A 18 SR i R A Fig.3 Connections between transformer and buses

s R
¢ R
1

163 Ry
= 3 obs

iy R
3

B4 TERSSEERDBINENBEK

Fig.4 Equivalent circuit of connections between transformer and buses



(144] ® 0 8 & iR B

8335

v AN ) e 3 U R A S B L I AT AT 2 B )
Pk R oE

Fé—] 4 I:F‘ E/‘J Ral4\Rl)l4\RL-14\R324\Rh24\R024\R363\Rb63\
R 7P IR 3 W45 8 1-4 1 8 2-4 W 5 3-6
0 e P, 3 T I R BELIRCELAR /) | AN 22 e I R L
HARK

R e A e R 1) DO S DR O L IR R R 23 S
AL A R B A e 2 /D 5 R 2 b T e — 7 3 I
SETERMTT WA 8, B WATHIE,

20 ] — i 2 A8 T A A 00 £ 5 AR i e AL
oK TR S 0 % R O L J g P B S B R O A
R ATIEDRE o N7 T A e L O R 3 LR R Y
RN .

P . Pl . 1 - Pl .
Lia=laatlogt Lol T L2 — k Laed
4

p
ks k>

.. . L 1 I -
Llh—l})l4+ll)24+Lllxl+LL}EZ_%Lbﬂl (5)
4

ky k»

Lo . Pl . 1. Pl .
Lie=leatloat Leel T Leea ™ k Leed
4

P

ky 7k,
L A N NI DR = B N St AN ]
I 32 10 S 0 R S A R 5 A T S e s 0 P 9
S A RS B B R S B G B p =1, B p =0,
(LR | R R e 0 5 e A 326 R L 22 4 20 M 0
o1 57 £ 0 i 78 0 ) AR AR P B A BT AG L g
D7 EREH A AL 55 78 T A | B ORI B 2k i a5, LYY

SRR ) A RO IR AT

TR EEERRE

TCIE 20l NP AR 2R B B H 3 171 A
D5 FLASE P B 25 il A5 P B 1) Y R R O R A AR
[ B,

Yu(e)=i(t)-1 (6)

Hr Yy B SO RE u () R iR i () iEAH
Rk S 2 Rk

LHTRE B (CG) IR H FIR i #4120
AL Z — | A AR AR R I B v 5 A T B
RAGE A R 0 A5 Ak A B A 3 — AL 3 gy
JEUT XA 7 AT R B ZOR T H AR eR A AR /D
Mo e kR (o) BT .,

LI Wb=i(t)-1,t=t,,u®(t)=0, %L1}
WE £>0;

W2 SERUWE k=0,

YR 3 AR 2E rY=b-Yu® (1) ,BRE pP=r®;

HIR4 G | || >e B 5P TR 64

RS T w(e) A B KA FRES W,
t=to+ AL, u® (1) =u(t—Ar), T H I E A BB

i(e) MR RIR 1,555 9% 2,

A6 TR w (o) BB ME w™ (1) =u® (1) +
a,p® FUFTHIGE2E réD (1) =r® (1) - Yp® , o o=
_(r(k),r(k))/<p<k),Yp(k)) , ( . )%@jﬂj\]@]\’)ﬁlﬁj;

BT RO pt =t g p ) Horh
Bk:(r(k+l),r(k+l))/(r(k)’r(k));

WS & k=k+1, %54,

TETHIE w (o) 3 AE A9 2% QT R v | 268 3K o 2
KN R s BRIV [ 5 ) et Afeds B | Sk S as B AR W] LA 4
et it H s BoE e amsr g, Wik, cG k5
T4k,

H T AR ZE A, CG T i WA S5 B A ot T
RBUEFE Y WFRREAE 0 A g 0L, a0 RARRAE A 53 A A
XA IR 2 WS FEAR R, B 2 WL S o BE AR 1
HEEAAREAUEL, TR SR B M i — A
CSERLTY B M MO Yu=M"b T MY
RBUR S = R (VA B L ST R B 1 [ i o W O T

HTAE R Y HAT XA LR RR A, TR H 2 3K
A DB A TSR MU R B 2 I AR
o, W T MO

M'=2D"'-D"'YD" (7)
Forp D AR Y %A
A M A TR AT RN
mz{izl/yii
mi==y;/ (Yiy;)
WM RFE T RS Y R0 e R,

ATLGER MY H <07 JC R S5 IR A HE Y 1Y
“O"TLEBMIFA—, £ G=M"Y X Gu=M"b
K H CG sk WIASRE 7843 R AR B Y 04 Bt 1
ARICLIFRZE rO=M"(b-Yu® (t)) R H xR %L, 3K HL
/N A SR At it B 5 oK A =X (6) 1Y 1l FE A AN TA]

a. LI 3 AR AT EIRZE rP=b-Yu® (1) , B
pP=M"r",

b. LBE 6 AR T w (o) Hr i ERUE w0 (1) =
u®(t) +ou,p® FFEIFR2E P& (0) =r® (1) -, Yp® , Hrh
ak:_(r(k),M—lr(k)>/(p(k),Yp(k))O

c. BWRT AN ATFEFBLE pt =M ) 4
ﬁkp(/c)’ /ﬂ\:xfp Bk: (r(k+l)’M—lr(k+1))/(r(k)’M—lr(lr)) o

AU PCG AR FE T CG L5 T I T A 58 43 )
FH0”TCRE MRS T H 2 A 38 R 400 DL SE B

4 Tafh B R

Oy S BSE I L RS i A R A B Y
A T] R Re 3 T AR | HZORI AR A T3 ] ¢, A
REH N O AP Ar, (HUR 7R RRIH SRS Hay A5
B Was AT i E S BB U — IR R SR E 1B 1T

(8)



%18

S I , % T 07 2SR W 025 o 0 PR 2 (145)

BF SR R AR YR | B8/ TR ¢, B0 2N
— IR RGN S8k A AR AT SR AR I B A B ke
W2 PR TR B E R
L EA K Ar KT RO 17 0 0 /M k5
] 7 HLZINT W28 S50 AR 1) B R BT 8] T,
AR T L g 0415 HOR A AR AN R, 3 B B
SE I — IR F8 Ge )y FLAR R 0 SR i | K 45 AR R A BA
H1) 24 BA S &b T3 R S I SRR B 5 T AR
B L5 LA Ar S B () 6] s DA BA B e B 54
FH T80 B 8% % N ) F A 5 R i O
WM RAE S, EX R AT AR
B HMSL B T B Y R RGBT
B, TSR B ) A 5] i £ 5 H A A L AR B
A F71) F B i e A | BAS) B Ak TR A 2
— R RGN 2% S50k AR AT | 2% 1 o D i 72
PR G2 ASRE 7 20 2 e 1) R, L J s VN B TR
A TR R b BAB AR SE ™ E L (H
S MR BB R, T T> Ar, A3 1T RE 1S AL
BAZ &b F 25 R3S
ik 1A~ THRI 7 A N A A, Btk
BOA K, 1 REAR SRR LA E Bk Pt #E48
P4 B R0 A o, U5 B 1 4 T30 1A 45 0 T 0 1)
TR R
Tc:P K/ clock (9)
AR AR R LT R R 1 A TR T
s BAAI K S N, B To< T, 0 BA B ok i 4b T
TR X4 A P BRI GE 1A T4 A
W T R IR BRGNS R DEEZ
FEAT FLrR AR FF O 43 Il AE f i i i A s R
A A AR R B A TR G 0 X v R R
g5 I ATt & A 3 IR 4 S 504k i T o
MR RG AEA 2 KM% S5k, Rk R
R AR IT S a0 WG I LA T A0 R 0 o8 1 B ok B
EARUEL K KRB AL B3R |
Ak PR B IR £, EE 58 T
W5 B fe R B[R]
T o= PK o/ [0 (10)
TR iy B B AT R R A A
o, T A 3 B B K BB AR RECHR ke N (B
1AM BT R R AR ) T 5 A T A
15 L1 F5e K]y
T =Pl N /f 0k (1)
X T2 AL BEES R G0 56 BT A 05 A0 e K
AR 7, B S ACBEES A KR AT G I, E
WRH CG 82 PCG ¥, T kW N>K,.., T E
e W 1 T AR ARG X Al Ak B 28 328 S %) LR AT ik
TR PR B FE AU 1 AR EES 5T
KATG ELAL HL 0 R A

5 RASEA

Bl 5 R — A2k bk oy BE 2 m 110 kV /
35KV s D AR HA 2 0] 110 kV 152k 4 7]
35kV M 2 GAR AT, R AL L 3 B, B
FE BRI S A A R s 2 R A R e
AU M R R AN R R R I B R AR IR
FREEN T B o ML o S Bl S W R 2 S L/
ARG HAH AR I 1A 64 719 Bl T B H 12
A 14 9 SR BRI 6 A 12 71 50 B ey
FLRIH

X W 10 AR H Sl 1 — IR R GE A B LAY AE
Altera 1 Quartus I 15 B 5 45 73T CG &
M PCG EMITREARET, H fFEP K Ar=10 ps(1
A TTHE I 2 000 5 H ) ERILEE EE £=1078,
S T AR B T R P e R R AR IR K, B
B N P AUL T /A8 T A0 B R BESCRE  BRER R R
1451 4 FRE ) — REACE B LSS B 1%k P T
A0 I PN A e K R IR AR R B K K K N, 4 B
Ab B () B A0 £, = 100 MHz i3 7 58 B T 45
A5 B S KB B] 7o

F 1 AFEERLILL

Tab.1 Comparison of four algorithms

Wik P Ko (b N) T/
s I CG 2328 85x2000 3.9576
PCG 3025 20x2000 1.2100

N - 2 19. 2 91
W CG 338 9.55%2000 09150
PCG 3295 4.19x2000 0.276 1

MR 1 v DUAE I, B PCG L — IR 4G
BLs R B LE CG AT BT R J6 8 2 S B
WS B PCG ¥ B9 T8 FE 491 3 19 45 K as 3 1 4R
HET > 20 CG i 1/4, E—20m s, Wl 1
™ PCG ¥ B T4 S5 30 o8 1) e K32 3 2 i B
T CG M 1/16,

EP3C80 J& T Cyclone MY FPGA %1, Ak
DIFERRAS B AR s, |1 7 EP3C80 REE T
Bl 8 A 64x64 D RIEMMITHEFIL, HE 1
ATHER X T PCG 6 R HIE S5 55 8 A EP3CS0,
MR H0s LA 22 2 A

FET EAL Rl 7 FLAE 2R B LA S
A fap (AR B 2 (0] AN T B A | HL 2R B BB
PR I6 R 0l 7 LB 5 1 far (5 FLBE R AR B L R
VAR 2 ] A B R AR O B A7 far B
RIHUICE 7F — B EP3C80 H T sty P 45 ELASE B Ll ik
BAE S — R EP3C80 H, [RIA, B 4 6 2% A 2
BRI R AR E T X — R RGBT 578 B A
TR P BERUAE S R BT 0GB A 4 A2 L T
W& W56 WG R RS M a7 X —



146) ® 0 8 & iR B

8335

1B

iV

2B
- 302
2 4
L — 2
6 88 0
ﬁ?y:;;: ﬂ:J_‘:):

BS5 BOMEEZREELE

Fig.5 Main connections of simulative harbor substation

R I 7 LS 56 R T ) 6 U0 L 5K 114 K07
N—RKARG, E IRE S A A T, A LRE AR
DL L 3 Y 2% R XE iz A7 05 5 T EL REAE U145 A
9 QN T i T S AN VS 4 S AR R SR
uli e EEAHBLAY B8

6 it

a. PCG LM AT — KRG w9 476
G P A A AR AR (1) SR s B R — ) CG TR
1 1/4,

b. FE T TSR H Al 37 i AR ) T R TR W
FE A X 2 BRI 1 A T R A A
e TS A A A R BB AR R B A L B
K 1/4,

c. i DU EG BT %ﬁﬁ%ﬁﬂ%%izﬁi‘iﬁmﬁﬁiﬁ
S HTIE PCG kT4 L3R W fiff 52 44 i) 78 F ol —
%Jﬁﬁﬁ'@ﬂ%m%zmmﬁﬁa%éLtiﬂmﬁlzo

SE .

(1] Wb, Eo0 ok M & 7 1) £ 47 A\ B3B8 W ol 1 3l A B R 3
YIRGE[)]. B RS AF1E,2007,31(2):88-90, 106.
HAN Nianhang, WANG Su,ZHANG Huigang,et al. Maintainers

oriented substation automation technique training systeniJ]. Au-
tomation of Electric Power Systems,2007,31(2):88-90,106.
(2] skl &, EBE, By B IIRSE ([T, B Ak ,2001,
21(12):23-25.
ZHANG Yufei, WANG Mingchun. Substation training simulation
system[J]. Electric Power Automation Equipment,2001,21(12):
23-25.
IEAR B Rk R 50k, B is T B R ()] WA
L ,2009,29(11):105-108.
FENG  Zhengwei,Bl  Tianshu,XU Guiguang. Simulation and

w2
[

analysis system for substation operation[]J]. Electric Power Auto-
mation Equipment,2009,29(11):105-108.

JEA DS, JRbR B2 4T A5 ARl SR 1 Sl AL AT L LR
WG], B RG L A 3 k741,2010,22(3) :113-117,122.

ZHOU Youqing,ZHOU Chenglin,PENG Honghai,et al. Digital-
physics simulation training system for integrated substation automa-
tion[J ]. Proceedings of the CSU-EPSA,2010,22(3):113-117,122.
BERU 5k WIWI S A R IO FLR AR A 2 Ll R A R
SUESHINRS ()], B RS A 3016 ,2005,29(10) : 79-81,96.

LIANG Xu,ZHANG Ping,HU Mingliang,et al. Hybrid simulating

and training system of substation based of real-time simulation

ﬁ
A~
f

W
[

technology[J]. Automation of Electric Power Systems,2005,29(10):
79-81,96.

R B AT X2 4. BN R S RIS SN R[]
4 AR 2005,29(12) :77-80.

GAO Yuan,CHEN Yunping,LIU Huijin. Joint physico-digital

=)}
—

realtime simulation of power system[J]. Power System Technology,



%18

S I , % T 07 2SR W 025 o 0 PR 2 (147)

2005,29(12):77-80.
(7] sk AP pR  alaE N, 55 Bk 7 [ R R 0 1 92 i B 1 1R
GRLHAI S ()], 1 RS A i1k, 2009,33(12) :53-56,84.
ZHANG Jianshe,ZHONG Qing,WU Zhigang,et al. Block division
in RTDS system based on subgraph isomorphism[J]. Automation
of Electric Power Systems,2009,33(12):53-56,84.
VAR oIk, ARl B I L — R GE i S B i H ) ).
J1 ASMLBE A ,2011,31(8):103-107.
LIU Dong,ZHANG Bingda. Real-time digital simulation of substa-
tion training and simulation primary system[]J]. Electric Power
Automation Equipmet,2011,31(8):103-107.
(9] WULF Rl KZE WR2Ffu. BT 45010 2 RO 11 e kb 2R i i )
FE R[] ). T E AL TR 2R ,2002,22(4) . 72-76.
SHU Hongchun,SI' Dajun,CHEN Xueyun. Study on locating

—
oo
—

faults on series compensated lines based on distributed parameter
line model[J]. Proceedings of the CSEE,2002,22(4).72-76.
[10] A F-, i, T B 45, kT D1 Jiy B A5 A 114 26 i 2 3 {4 5
JHAE ()], B0 R4 A 31k ,2004,28(23) :50-55.
ZHENG Yuping, WU Tonghua,DING Yan,et al. Applied crite-
rion of current differential protection based on Bergeron model

[J]. Automation of Electric Power Systems,2004,28(23):50-55.

rallel performance enhancement of power flow computation for
large-scale power grid by use of preconditioned conjugate gra-
dient method[J]. Power System Technology,2008,32(13):15-19.
(137 HhIE S wh a0, 704 B 1 B2 0k 18 i ) R e B A e 4 i
HATFE P R (1], ) RS A S a4, 1996,8
(2):1-6.
HAN Xiaoyan,HAN Zhenxiang. Research on the application of
parallel algorithm of preconditioning conjugate gradient method
for power system transient stability analysis[J]. Proceedings of
the CSU-EPSA,1996,8(2):1-6.
H=ar A, B A GIOPL P B DN R Ak e (A R A TR
[J]. B LR ,2004,19(5) :98-101.
ZHENG Sanli,FAN Yu,HUANG Mei,et al. Pre-simulation of

[14

—

PC based closed-loop testing for protective relays[J]. Transac-

tions of China Electrotechnical Society,2004,19(5):98-101.
[15] M =07 225522 R0 A5 S I &R P B 03 39 475 20 5 3 0

R, WA RS54 ,2005,45(3) :347-350.

ZHENG Sanli,JIANG Qirong, LIANG Xu,et al. Pre-simulation

method and its application for real-ime digital closed-loop testing

[J]. Journal of Tsinghua University,2005,45(3):347-350.

[11] A=Wty AT Krylov 45 W 7 ik XA TR (T, HHHE L N
- TEEE A,
Bl ,2005,34(4) :463-468. “ i ik T P’ . P
2 bz 3 _ BT 3 & 3 o R AR
LI Xiaomei, WU Jianping. Krylov subspace methods and parallel b? A N (1959-), %, i 7 F A R ERARALT
2 =k o b b SE xS Ar 7 boiE 4 A
computation[]J ]. Computer Science,2005,34(4):463-468. WA R E WA S ]| R e sy A Bl W 0 R AT R AL
[12] TW 3R i, VE 400 5 5 T90 Ak MG 0 O ok 0 A A el 50 0 ¥ (E-mail : bdzhang@tju.edu.cn) ;

W IFATRERE A9 7 (1], LB AR | 2008,32(13) :15-19. FHRE(1987-), %, REAMNA AL L 2 RHFR
DING Ming,ZHANG Jinbo, WANG Xingqiang. Method for pa- 75 ) A R W 5h 3% )] ﬁﬁ(E-mall :liyinzhi1226@163.com) ,
Substation training and simulation system based on pre-simulation strategy
ZHANG Bingda,Ll Yinzhi
(Key Laboratory of Smart Grid,Ministry of Education, Tianjin University, Tianjin 300072, China)

Abstract: The simulation model of primary system and its algorithm are studied to cut down the

construction cost of hybrid substation training and simulation system. Bergeron’s circuit is used to segment
the whole simulation model into line module,substation equipment module and load module. The short
circuit fault transfer and logical current analysis are adopted to highly reduce the matrix scale of substation
equipment module,the polynomial preconditioned conjugate gradient is used to speed up the solution of
simulation model. In order to solve the mass calculation caused by the sudden change of simulation model
parameters ,a pre-simulation strategy is proposed,which makes the calculation model independent from the
output model. Practical tests show that the digital primary system based on pre-simulation strategy can run
in low-cost multi-microprocessor system and cooperate well with the real secondary devices.

Key words: electric substations; training; computer simulation; preconditioned conjugate gradient; Bergeron’s

circuit



