FE2TEETH
M 2007&78

Vol.27 No.7
Jul.2007

% 0 8 & iE S

Electric Power Automation Equipment

LT Matlab BYHL JJ R G0 Hr 1T H AL
PSAT Je H: 5 2 PE K 55

B,E A&
(HiT K5 wHER AT i 310027)

CEN I

WE. BT —H#HMAT Matlab K FiEZHEOE N ZES WM PSAT, 3£ T ZR 46
BRI 0 4 5 BT PSAT bR A\ ey A E £ B 035 . wAL B ) 25448 T 5 (PSS) Ak
B EMZAME ZA(FACTS) S EAAHE 2% (HVDC) 2 A XA wA%SE, PSAT e+ 75,
BA T 2R EERA NETRESN SR ALMENZE LT (PMU)RE 55
&8 5 AT Fe B R, B AL xR — AN A ) B AT AT 3 AT A AR A AEAE AT, 3 PSAT 5 B k24 PSS/E

BT AT, ERAR RSO H AERAT — L,
X : Matlab; PSAT; ) Zs#t; 545 A, PSS/E

HESES. TM712; TM 744

0 5lF

15 B2 i ) R G RHIE T AR R AT R Y %
4, B E A RIEALR LA S T Ak iR R HL )
REHEHRMET U AHEBEESMILBES 2
K I Hi & R EIE EMTP  ATP (PSCAD ' 2! ifif
Ja & E W E A PE T T2 7Y PSS/ E (Power System
Simulator for Engineering) ABB 2\ # 1Y) SIMPOW LA
FeBPA A5:53-30 03X BE R OR Z2 5RO A A
JEYIRE A TR K TS R T AE ; [R] B gx st
AR L PR TR AN R T3 R A T, BRLAR X S AK
PErr B R 28R P A CRSRLA DI RE , SR TR A
ERAEAE R BB, B Al AR R 1Y fE S AN

Wit o S T A B A5 B AN T L B DL K ) R BRI
AW K R VT 22T T R A I 9 RS BT T R AR
fiffe P17 SRy BIE 53X S () R AR R A R A AR A
SR YRR . X BRI T R G B
B A 2 U Ry TR M

T 20 4F 3k , Matlab \Mathematica %% &5 24 £l 2%
e AR A i RS RN T fE Ok, B U AE A% A
SR AR AT B 10T e AR
A ] — i R AT LA SC B H g R 48 n) A 43 BT, SR
Matlab P5] JH: T ] 60 B 1 2 A2 4 1 | 56 38 19 18E b
L) RE DL K I A EL B 1T (Simulink ) 177 5% A Fei
SHRARZHAENEY TR, NE245H, 4
MathWorks 28 @] f) A W7 52 3 |, Matlab B 28 & J& il R
G 25 2R TARE6 B g 5 K i KAV
TEBTE W B AN Tl R 1], Matlab #3278
S5 O e 25 b ELAA ) L

5 H #1:2006-09 - 11 ; f& B H #1 :2007 - 01 - 17
HETH . B R AAMAFRELF IR B (50277034)

MEKARIRED: A

XEHS: 1006 -6047(2007)07-0102- 04

WiE Matlab B9ASWT A EFEAD TR T — FR 9115
F Matlab ) HL 77 2 4850 AT 54441, 191 40 . PST (Power
System Toolbox ) , MatPower , VST ( Voltage Stability
Toolbox ) , MatEMTP , SPS (Sim Power System ) , PAT
(Power Analysis Toolbox )" 13 3 64k {441 %45 Dy
R S X A AR T R S i A
PSAT(Power System Analysis Toolbox) WL 1 .PF-
W5 CPF— 1% S I ; OPF—# AL i1 It ; SSSA—/)h
Pt 3 43 B s TDS - iy 30 477 H ;GUL- I P A AL A1
GNE-H /& XA R G REY . Ll 5610F % T Had
SR DR E T S RS, I EAZ AL IR
A% 58 2N FF I P AT DU E B O r i 5% %R
9 5 & PR B R AR RS S PR g H OB, TR 4K AT
T Matlab 1938 K 3HEDIRE L) & A8 6 A5 5 4k
PR B R BOR PR A T R4S 15 PSAT AT LA
e HRRE (55 0BTy R B A S R R
e Gidfi Hat A AL ZE & ok

HESEANA T PSAT JLA EZ DI RERLHL 4R
JE LR 3 0L 9 WA ARG H R A PSS/E i
5705 BT 5 e, S5 RAED] PSAT ANk Ry —Fhig
NERGR A T T H

1 EZIEER A 4

1.1 REEAERERT

T IE NN L T R G e A IR AR
PSAT $2 1 7 & MRS S AR E | F 2404 .

a. WY REER fRndk R RAR CPATREL
PV BEZk fE Ty #6017 DL K TR HL A 48 55

(D F. Milano. PSAT,Matlab - based Power System Analysis Toolbox,
2002. http: // thunderbox. uwaterloo.ca / fmilano.



% 7 8 i

B 45 R T Matlab BYHL) RGBT T B A PSAT BHA REAG 1 @

b. HLJJ T AH G RL  HEsR R B A DR AT

. VKT s B AR AR IR 2 G5

d. DI CAFRAR g A A OT PMU %6,
e. RUALBIRL [6)20 S bl

£ G RL (ZIP) | H R A5 AH SRR AR 2

g I AR AL JEHAR bR, B RGO AR

PSS K [ BELJé # l (POD ) 5
h. 22 M 58 3 Sy E R (FACTS) #5801k 6 2l

AMERS (SVC) T H5 B R AMZ 2% B (TCSC) L # Ik [R5

FR I AMEE 2R (SSSC) e — M i il 2% (UPFC ) 5
i L UL A LA
jo oA K RG4S R LA R
[ B, PSAT $2 4L T R H - A LI6g i

Ik 8 ST A L A RS T BE 4 S A O& 1) Matlab Y5 RS

AT OB B RL in A B Bt AR
FE K ) A AT 2 b R By a0 Al oAk

& A o ST ), e BRI A% =X g 48 AH DG SO

RIAT sl A AT EDW A 7k PSAT HAT 5T Simulink

U R EE | K HETE Simulink FREE T BRI 2 th e

POCHHE 205 BB (eomd] SCOF) . (HS 75 245

52 PSAT [ JEA T34 J& 36 F Matlab [, Simulink

IRBET 4 B8 10 SO e 22 M R LR 1 Ay =0 oA

SCAF 1 Matlab pRECSE BT, X 5 — 285 F Simulink

B R G T HALREANR
FEVHE R PSAT J& Il [l s A 1, & ) B — A

TR AT R s B RO B R .

‘x.:i:f:'(xivyivpi)
Pi=gpi(xi,y£,P,;) (1)
Q£=gq,'(xi ,y[,p[)

X PLQ AT T sx, AR AR sy, RS
g p, HEETIAHC SR f R AR A8 1
WY TTHE 18,8, FEAM IR R AR E
TR T S MBS0 B E R (1) R

T HIE L Jacobian & Bf: i — 4~ N A% R B S8 — oK

i, 1% PR S 45> PSAT B FTTE
PSAT () = 5t 1 5 3% 38 () Matlab GUT #1122

S L NP A 0 (e 45 ) O = e = R 7 e O R

s vl DL FFm E Y Data file SCARHEH A &

1) 19 3 725 SCAE T AN Perturbation file SCASAE fiy A

L T A2 Command line 7 5e iy A& S, 1EE

ST A A St MK R S s AR R B 1) A R S 2 o S

{E 5 ELTT LR B 1] 235 SR B () B3 0 0 53 18 Wi 85T T Al

B, TR RS AT R SL i g S s A, 7E B S

T A7 5 2 4% P S AR B 42 S W T3 | 3% 223

I S B R AERIAE)

1.2 #BRITE
T R R AT A R ) &R G ) AE O I

filh , PSAT AL 45 1 A5 i A= il —hir bS50k | PRk A #l 5

RAE SRAE R RS SEPR R A2 () TR 4

RS R0, TS 2T AR RSO R4 .
-X.?Ff;(xi,y,-,p,-) 5
0=g.(x;.y,.p.) (2)
PSAT HA A 4 19 i 1 55 5, 76 2 285 491
(*.mdl 8% *.m) LA, P power flow 58 B0 11
BJE AT LA T A GUL, o E A T
BEECH A AT RS A R . [F A PSAT
I SRR i 4 R DA SCAS s U S X R 1 A 4G
AT DTy {8 b 57 FH T AR A R0 G 5 0 FL ) R 8 3 BT 4K
(LTINS
IR GUI by 7R i S A% 53491 7 B 28 20
5 HRIRAE R DA SRR A T e,
AR BR—H TR, RIEE SR 44 (8 FbR 4 6 1]
HRZIE N
FEI I T H A Ty R TS AUL AR B 48] B
RGN IO (BN g R 505 ) IR ASAS 5 )
f5 EL e [R) AR B A . AT DL (o R A A 2h A 47 A
KON BN MEA S A5 45 R A R A A,
1.3 mMEER
W& L T A N B D AT A O — R
A1 T it 1 A I 9 B AL e I A ) R HE rh
) — AR R, PSAT R H 5T Mehrotra il il —f&
U PN T SR i S5 A0 O 1) R, 3 L PSAT de i 1
WP RO IR E 1 AT T
1) S5 LT TR A A Ry
Minimize, F(p)
g(y,p)=0 (3)
e < () < By
Puin SP SPoan
BRI gy BYE SR (1) 5p J2 RAETT K
ISE F AL B AR sR %G R AN SE R,
1.4 IMSESH
(TR N Wl N T o G Rt U A
XTI — [R5 O T 2 R IF T8 58 LA 1 ) Ik
TR PSAT (7] LT RMEE 2 5 N 7418 T
fE. B RT3 8 Jacobian i 4, X A 5L P/ IE
TAFERORE A aE A =X (1) AT 2tk A AT LLAS:
FN 59T 22 58 Jacobian %6 %
Glle ey =y ] @
K F.=V,fF=V/.G=V,g =Yg B
FEE Joey RS S0, 00T U BR S T BRI A [
A=F -F,Ji\G, (5)
PRI G LB O R — A m B R G,
PSAT SCHAANT T3 fe R B /N 1 B R AR AL, 53X — R
X LRESERR 40 A 45 . 350 PSAT id i 353 5 1
A W22 R AR AR B AL SRR AR A B 25T R A% 45 BT 45
RERHZHH T,
1.5 BHSHEESH
HTHDRGE - DERN SRR RS,

subject to

e




104] ® ) & % ik B

#1027 &

PR IH Al 2 e st el 77 A 7 R A AT {0 2 B T B
PSAT 142 4t 1 58 3 1Y i 5 47 2L ) fiE | ke gk BR L9
DL KA JE Bt QR v 2 L E AT BE AR 0 1 2 FhmT
BERERE A ik, 7 B AR AR . O L AR P R A
AP  PSAT R MG B0 2R 48 2 50 (19 4n 52 i BBt
BOE KN ) LR H A i A X s il i S
(*.m) SR A 1K

2 A

TIOR8 SR A0 o A T R A 58 0 AR Y T AR
Y, R SR RO 45 PSS/E sl [al— N34 45] 5 PSAT
Pt st . SR WSCC 3 L9 ¥ B, ix— &
S5 AR LR 2 (H 2 2 DL SR WP 5T o 1 R Ge iy /M
SR E M K Bh AR

ARG EEAINE 1 PR, RSB SR [14],

O =G0

G, Gs

Bl WSCC 9 FE&E%
Fig.1 WSCC 9-bus system
2.1 BHEFERE
FI P B XF 1B 2 3 58 A7 AR v i el 0
R R D BEL T, = R R R 0.083 s, BEZR 1 HLTE
W 2 Jros 3 5 K LAY B i 22 40 141 3 Tz o

1.05

0.95

u;/ p.u.

0.85

0.75 1 1 1 1 ]
0 2 4 6 8 10
t/s
B2 2% 1 BEmK
Fig.2 Voltage response curve of bus 1
1.008 -

1.004

Aj;‘rj/p.u,

1.000

0.996
0

t/s

3 REH G, SN KL
Fig.3 Frequency response curve of G,
P 2.3 WI UL, PSAT #1 PSS/E I {5 45
OB BN i 22 2 Fh T R B R R PILARE AR
FAT AN, SR T SE R 22 TE RVFEFIZ N

22 IMESHITEEE

PSAT 5 PSS/E #B8A /M5 43 Br Ui e A gk | pir
ANTE] AR 2 s PSAT SR FH i BT 96 1T B3R 2 233 ) 4 B DA
AR, 1M PSS/ E R BUE T B AR AEEY, £t
A — B OGO B A Y 2 A 2R L
R THR L,

x1NMESHWERITEE
Tab.1 Comparison of small
signal analysis results

PR PSAT 45 PSS/ E 45§

SR 0.707 54 0.663 08

. 3 11.606 60 8.280 80
0w/ 6.08 7.90

i 2% /Hz 1.847 20 1.318 00

S 0.186 47 0.31071

. 2 7.632 40 7.048 40

2

B2 e 244 440

4 2% /Hz 1.214 70 1.121 80

M1 PSR UL, BAR W B T R Y

ATF L ME S TSR BA —E 2 5, (HJE PSAT
HERf A3 T 55 P2 (< 10 %) AR G A X X — i
TESE AR AT 5L

3 45

Wit T R ) Tl % T 4 o 2 R ) R
RGP, FEF Matlab I HL ) RGE AT T 24
PSAT, A H 5 i oo PR R AU 122 |58 35 (14 £ 5 2 RE LA
K PFACAS TR 235 09 H o S BE ALk H B
NG — B BB X PSAT 3= 25040 45 44 DL I
UIRERHUE T F A, i 5 k4 F PSS/E #E R — 5
B 43 AT L AR 1 iz R E 3k Pk, S LA
E A % H T Y E S X R HL ) RSB B R
X — T EA U 22 0 AR DA B AT UL 32 44 19 3l < http:

// www.power.uwaterloo.ca/~fmilano/
S % 3Lk

(1] Heble, E4uf, 0T, 5. T Bdlehe & Az LA & i pL AR
HALBT[T]. B A S ,2006,26(6) :1-4.
GUI Lin,WANG Wei - jian,SUN Yu - guang,et al. Quantitative
design of main protection scheme for hydro - generators con -
sidering occurrence prpbability of internal faults [J]. Electric
Power Automation Equipment,2006,26(6):1-4.

(2] HE2), S B, H il i 08 80 o IO B 4 2 5 K S v SR A IS [ ]
7 FLUE 4 AR, 2004,30(11) :57 - 59.
ZHENG Jin,NIE Ding - zhen. Study on Transient Recovery
Voltage(TRV) of filter DC breaker in HVDC converter station[ ] ].
High Voltage Engineering,2004,30(11):57-59.

(3] 2K 4B = Bt To . 22 v TR 2 o 2 T 42 1 SR s 1 15
HARFE(T]. Wi A 8 ki % ,2006,26(4) .7 - 10.
LI Cheng,ZOU Yun- ping,FAN Jie. Modeling and simulation of
single-phase DVR based on one-cycle control[]]. Electric Power
Automation Equipment,2006,26(4):7 - 10.

(D Power Technologies Inc. PSS/ E application manual and operation

manual ,PSS/E brochure,2001.



% 7 8 i

5% 36T Matlab (99 4850 B T L0 PSAT B A R 10 105)

(4] sk, vrdetl  SEIRIEL o o AR o 4 1 28 G AR 06k 48 114 e 1
MBI ] 1 A BB 4 ,2006,26(4):28 - 31.
DUN Dun,XU Xian - hua, WU Zhao - guo. Realization of optimal
strategy for power system low - frequency and low voltage load
reduction [ J |.
26 (4):28-31.
[5] W lei, bt 15, SaRwE. SR AT SO0 615 5 04 PSS S 8 fb ik
THOIT. DA S k4, 2006,26(3) :47 - 50.
YANG Xiao - jing,ZHAO Shu - giang,MA Yan - feng. Parameter

optimization for power system stabilizer with wide area measure -

Electric Power Automation Equipment , 2006 ,

ment signals[J ]. Electric Power Automation Equipment, 2006,
26(3):47-50.

B AL W, 754, %, BT IGBT 9 + 10 kvar STATCOM %¢
BHIT[T]. B A3k % ,2006,26(5) :61 - 65.

TAO Li-xue,YAO Gang,ZHOU Li-dan,et al. Design of +10kvar
STATCOM based on IGBT []]. Electric Power Automation Equip-
ment,2006,26(5) :61-65.

[77 SRVT0E XUV VB IEAS A5, HL T 3R G AR R 35 B A2 =X i F 52
Hapr[)]. mE AR ,2005,31(7):45-47.

70U Jiang - feng,LIU Di- chen,PAN Xiao - jie,et al. Malfunction
analysis and research of power system low frequency oscillation
[J]. High Voltage Engineering,2005,31(7):45-47.

W GRS PR T T Matlab 5 VB 8 5 45 19 4k e 2 3 45
HJ]. W1 A3k ,2006,26(5):92-95.

HAN Xiao,XU Xi,CHEN Zhuo - ping. Protection simulation
based on data exchange between Matlab and VB[J]. Electric
Power Automation Equipment,2006,26(5):92-95.

XIHE ¥, 22 2 by Mg, FIH Matlab MRk I R G R EAR [T ].
LR AR ,2004,30(6) :61 -63.

LIU Yan - ping,LI Zhi - jun,YANG Mei. Optimization of power
system stabilizer through Matlab[J]. High Voltage Engineering,

—
N
[

—
oo
[}

—
=)

2004,30(6) :61 - 63.

[10] Aka&elk BLVT 2%, FAERI. 3 ] Matlab / Simulink /5 20 5% 2% #
AR [T ], RS A ,2004,30(9) :32-34,42.

DU Zhi - ye,RUAN Jiang - jun, WANG Wei - gang. Research of
rerroresonance simulation using Matlab/Simulink[]J ]. High Vol-
tage Engineering,2004,30(9):32-34,42.

[11] CHEN A H L,NWANKPA C O,KWATNY H G,et al. Voltage
stability toolbox:an introduction and implementation [C1//Proc
of 28th North American Power Simposium. Cambridge,Massa -
chusetts : MIT, 1996 .707-712.

[12] MAHSEREDJIAN J,ALVARADO F. Creating an electromagnetic
transient program in Matlab:MatEMTP[]J ]. IEEE Trans Power
Delivery,1997,12(1):380- 388.

[13] SCHODER K,HASANOVIC A,FELIACHI A,et al. PAT:a
power analysis toolbox for Matlab / Simulink [J]. IEEE Trans
Power Syst,2003,18(1):42-47.

[14] ANDERSON P M,FOUAD A A. Power system control and
stability[M ]. Towa State:lowa State University Press,1977.

(REHRE: MEX)

EEE T :

OB (1979-), B AR KRA ML AL, TEHR
FEALBRE N REH DAL BNz F % (E-mail ;
longbrave@126.com) ;

BoOB(1962-), B M iniETA B LA S
W, ERMAABRA RN FRAHE L AHEKE
HRRAE CATHALRRIHZAS;

E OA(1981-), B, LA XA WHERALAE, E2NF
W, W) e AR B AT O\ e AT A,

Matlab - based power system analysis toolbox and its validity check
CHANG Yong,XU Zheng, WANG Chao
(Electrical Engineering Department,Zhejiang University,
Hangzhou 310027, China)
Abstract: The PSAT(Power System Analysis Toolbox) is introduced,which is programmed using Matlab
math language,and the features of its open source code are detailed. The model library of PSAT

includes generator,regulators,power system stabilizer, FACTS (Flexible AC Transmission System),

HVDC(High Voltage DC transmission system),distributed power generation system,etc.. It has the

functions of power flow calculation,continuation power flow calculation,optimal power flow calculation,

small signal stability analysis,time domain simulation,phasor measurement unit allocation,etc.. Both

time domain simulation of PSAT and eigenvalue analysis of PSS/E are applied to a typical example

and the comparison of results shows that PSAT has a certain precision.
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