LHREE I VAR
2009 4E 12 H 10 H

Mo &R & B 3

Automation of Electric Power Systems

Vol. 33 No. 23
Dec. 10, 2009

HFMERAMERENEREERSN
(—) R Ge by S

&, /OB,

% FEA. R B

QAR R 22 FUHL AR FL ) R B8 I R F 8 42 o A0 1 B I R TR S 9 2, b (s 100084)

BE: HFWERESGALE S THFG AP EEMORLE  RGALENH TG, B F k2
RAOGAFHEER A, S TRAGAZRAHWER SR FRFAHFRFTT E, Kk
TeAhAWsSMHErFR. FHFELPINFTENE—HR, REELITREAGAZRENE RS
EHA, ZHEN ARG AZAGE LS RET LA,

KEWR: HFHWEREG A Bk BRLTESHEA: MR X

HESSES: TM743

0 3l&

W R G BT L R Bl A AT 2 AR IE L
GRFRREU RN BT EE T B, Wik BT
G NP SR B RN . ) B P 2 B
W) RGCR B RGEoe & ST 5 X S bR
TR G AT AR L A T5 B0 0 T A 1 B B
R H B AR BB R BE B K 2 800 el IR AR LR
R R A8 e i, J0 A AUL AR H, 1Y) 14 3 A R
N A B RUDE BT ) RGN B8 T
RO B %5 AT S8 B0 OR PR e I Y £ R
BT T RATR R AL bris R (B A
SR SRR R K Ok e R R S
BANAE R LR, 5 HESE R ) RE BTN
2P AT 00 Bl M SR IR A R T IR BB IE . %L
T L AR AL A% I B A R Y U IR
5 W) 45 SR R E AN AT S

55 BT BN AL TR A 5 B OURR il
- 4E 35 {)j B (hardware-in-the-loop simulation)) f§
i e Jo5T LA T b 5 1 B D0 A T A B e A DL A
RIORAS AR B AL R 0 1) oo 14 T R B0 0 B A4
KAL) R G & ) R G B AU — A
Kk e S . B R RIR A O L TSR A A
PRAPY 2 B AR 0 B0 R T 552 B 1 2 o) O 47 2
BB R BCT T AU R S A B —
KB F TR B 7 L S0 T 23 B 4 TOAE ) BN AE Sy
D7 BT B AL D 3R i 3 . B 11

MCAS B B : 2009-07-05; 4= B #: 2009-08-04.,
BRORAAGHHEAE (L) —RAAKTFHEDELLR
Sl AW A R

TS S BURH P A S B PR AT . ST 10-12 R
P G R A s AR WA e gt VR h 5% 11 B2 A AT BT )
PR 5 05 Ok v RE i XUH ATL L O P e o e AL
PEATHFIE .

BB R IR A O B Y G )
SCHRC2 1R T v Hs FU0 B2 A 2 5 s i B3 (HVDC)
R SE E R G 1R RRE . STHRL9 I X) 2 Bl
He 17 SR HEAT T W58 9 0 i HL R A R 7 SR EAT Tk
#E o SCRRELS D 4y BN 3 25 5% FH — Bz ol $2 i 1
— MBI RE . SCRRC L4 TS T B A
TR 07 AR G0 10 1 BB A B RS X 4%
FEWARR AT T 0. SCRRELS T AT AL 32 bR
BOWTIEILEL T 5 RT3 KA AR 2 M. EN
FIHIT B BF 58 IR 0 2 0V R I 58 S8 AN R 5
1 H DTG LS B 0 58 O 3 BOe B R AT 5T I8 A 1
—HWA.

A SCHE Se o iR & 5 B R GE I S AL A e L 72
CRR B DL A Al L HE S T o 4 M
FEMG— B30 AR5 26 T o0k 14 TP i B ik
TE— > ] B TP S TR A O R GE R, DL
0 g FE At BEAT )i S 14 BEE 70 AT

1 REMERESN

VAL 1 e 7 mey L 7R P g R I TE R R . kL B A
SRR B BT R RE AT 12 1 BRI B e A )T R
FET o A R 2R A e v B O3 A 300 B0 SR R
T EL A ) BN SR S B A ) B AL,
FARR R D 7 R E 2 B . SCRRELS Jrp AR H o B
AR T AS BTN 3 o 007 0 32 47 v T D545 5 0y B )
FEL g% P A TR PR O A 0 A B 1 B PR 4
R FH A2 47 v P T S5 580 O L 0 L P DR T S

9



2009, 33(23)

® » £

h, A @ 1

TR EBE W B IR wo ASCh, LW

7 AR N BT A B O A
i
Ry R
ctu
E - L
B Yy
1 BB
Fig. 1 A typical circuit
i
R
0 + u(t) R
i c =i Y
i - L
(a) Bl (b) PrEefu

2 ERTESHREREO

Fig.2 Ideal transformer model interface
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Fig.3 Structure of hybrid simulation system
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Fig. 4 Time series of interface circuit
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Fig. 5 Time-variant first-order approximation interface
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Fig.7 Damping impedance method interface
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Modeling and Theoretical Analysis of Hardware-in-the-loop Simulation

Part One

Structure and Model

CHEN Lei, MIN Yong, YE Jun, LI Guojie, LIANG Xu

(State Key Laboratory of Control and Simulation of Power System and Generation Equipment, Department of

Electrical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: Hardware-in-the-loop simulation combines the merits of digital simulation and physical simulation, and is a new

development direction of simulation technology. The interface algorithm is a key issue in the hardware-in-the-loop simulation.

The structure of the hardware-in-the-loop simulation system is analyzed, and the time frames of series flow and parallel flow are

compared. Five different interface algorithms are described, and the uniform expression of four algorithms is derived. At last,

the discrete dynamic model of the hardware-in-the-loop simulation system is constructed to provide the foundation for

theoretical analysis.
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