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short -circuit currents

4.1 HE |(TEEEHE)

TEPT BT B el E B B n, HIEHERY
n /N TR HERUE S R B BN A5 5 b A Y o i st
I o BEFE n ORI — Dy 2 R S TE I A S
—J7 T Prony ¥ iy 2 N & 2 1 7 BERE BB 5
B, AERTITH XS (6) MEAT AR ol B D AR Y
B, #e HAE A A4, T 5 133 n=9,

VS8 AT [H] ) B A = 1 ms, R AE 5K 1 0



R

PR, 4 . Prony B 7E R 45 % ML S SO LR R A (3]

100,200,500 .1 000, 7E{5 B A& 4R AH 5D
( BP R AR e () 35 5 2 ) e BT 2 08 400 301 D A AR 4
HIPLA RO  BEE BRI A RO 2 ) B 2(a)
JIiR M Ar=1ms N=100 7€ 1.99 s Bt 3T i 3 U5
B LA RO B 2(h) & 7F 3.14 s BHE BB G
(BN, 5EIIE 25,

2 15
3 3
5 Om 3 OLL/\/
T2 : T : :
1.965 1.990 2015 3.125 3.140 3.155
t/s t/s
(a) A1 (b) W& 2

B2 Ar=1ms N=100 B R L & E
Fig.2 Fitted waveforms with
Ai=1ms and N=100

Bifi 25 2R R A5 A0 88 Ik B 40045 280 e v I TRD
£, WK 3 s BEXN N=500 RIS IE |, (B R A
SO £ S AR I AL R 2

15 15
g g
: OV\/\ N OV
15 ' » s ' ]
3.55 3.57 359 5.4 5.15 5.16
t/s t/s
(a) A1 (b) Wér2

3 Ar=1ms N=500 B & E
Fig.3 Fitted waveforms with
Air=1ms and N=500

T A 6 =R B O TP A% o B I BRI A SR AT
GIATRT DAR B, 2 SR i R B Xl i o) 5 ] 1 43
AU R (DA T ) 4 FE A JE )45 ) HE R
ORI 2%, B2 RAR SBU BN | 45 20 2 1 B i
B

TEE R AFE L N=1 000, KA B[] 1] B 43 51 A
0.1.0.5.0.7.0.8.0.9.2.3.5.7ms, 4 At=5 3 7 ms
BF AN B8 IE B BE U A A R 2 L 2 A =0.5 3¢
0.1 ms B HBURE = B I BT 45 20 s BRI RO
%1 At H0.7.0.8.0.9 ms FFAYIEBLIEIT Ar=1 ms
BREOL . 4 Ar=2 ms B, TIgEIIEIIA B2 =M
S 5 P I P A 0 ) RS S R R A i — B,
RBN RPN, 2 Ar=2ms J& , M RAEEE 5
B 100,200,500 F1 1000 B HERACHR — HAE# &,
LORFERBUNT 50 5, BERAUR IR TR
42 BH2(BIEKEEH)

(1) P s 1 = A0 I L O 0, SERE B S
3.5.7 RikEE 1D

ih=0,+02cos(Bwt+7/3)+0.15cos(Swt+7/2)+
0.10cos(7Twt+71/4)

5HL Ar=2 ms N =1000, IG5 78 (1) By 42
PeHER R n=11, MOTESERESR FERESTH
o U R 0 43 T AT U Ok | R IR 92 R R A

(4] 1] o R X o TR IR T 5 A, AEL = AR 8 L UL
Hh Ry R F ) A3 AL 40 R A B Y R
RORARYF . AERAEBEN > 50 WO T — H A,
FIHMT Ar=2ms N=100 1550 T B #R I 4
LS8, BHEOR R AR &

xR RESHEPRSHILER

Tab.1 Contrast between standard

and identified parameters
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2y 021 0.20999 -0.005|| 7, 0.159 0.15900 0
£y 031 0.30997 -0.010(| 7} 5.477 5.51330 0.660
Ti 0.480 0.48148 0.308

214 SR A ) J) R D /0N B 8L A TR I [ 0K 34
K, IF H BB A I P R AR K, AN Ar=1 ms
L REFEI G 3.5 YR, 1 Ar=0.5 ms B, fEHFIR
3.5 7 W, B A /N R T 43 B T
ORGSR WTE Ar=0.5 ms B, BEREE S $
B> — AN AT 43| I ELH Al R I e BRI
R,

43 BB 3(LRER)

XT3 kW Al 25 L MLSE SR I | I FH AR SC il 42 7
Bt T RIS L R T B 2 %A 6 TR A F P A A v
SRR R BT AR ST T IR AL B RRAE
PR, 4 AR LA 2B RS BLR H 1 588k =
FEJE I 1) a A 65 PR OS2 SR Y SRAETEI G A =
2 ms, B K N =200, AN EL n =9, BFRH 45
FRE RS TR 2

50
N ’:—[V\N\/\rmf\m\mvvvw
N 0

RTATAVAVATLY
-50 L L L L |
-0.1 0 0.1 02 03 04 05
t/s
4 ERKE
Fig.4 The recorded waveform
R ERBEHNEREE

Tab.2 Characteristic components corres-

ponding to the recorded waveform

1/A e/s™ f/Hz ¢ /rad
17.804 -17.343 49.970 -1.030
37.878 -80.950 49.709 -1.120

1.834 -68.850 101.460 0.797
1.090 —151.000 0 0
4.582 -0.005 50.230 -1.140

LE T TR A s & S IR 5 f B o SHBIAH
& 2 AL Prony ¥ HF IR Y = RH 40 1% v i) 8 40
PO (KRB B RS ) H M
oy (B BERAFAE — R 22 i R S SRR
Fro0#r , R BUE S A AR P T IR0 5 0 R g 2R
FIRT M (LRI 0 PR 5 A7 SRR ) | X B — AP i e
X e ] T RS EOR



(1) & D8R

F2%

5 it

T B 5 FLAE R T LU 2 SRR B ] (] B
At 7£ 2 ms ZEATEF R Prony ¥ AT RF = AH A0 1 L It
& o3 B AR AR R AT A AL DT T DAAR S 3
BRI AR XS E, TR AL = A B LR
o AL A AL = A R B A | PR T
BE 5 8 52 AT s A il TR SR, H
J&, BIRFEAR Prony 1 B YUK BE 5 5k v 40L& A Y
W5 SR A I [ ) o L RAE RO OGO 2 AR S b
A M P S M) 3 5 o LA e g

SEH .

[1] W, B R [M ], dbat JEHE R | 1993,

[2] ZHU Shou - zhen,SHEN Shan -de,HAN Bao. Identification of para -
meters of synchronous machine by frequency response tests[C ]/
International Conference on Power System Technology , IEEE CSEE.
Beijing, China: [s.n.],1991:861 -865.

[3] SUGIYAMA T. Measurements of synchronous machine parameter
under operating condition[J ]. IEEE Trans on PAS,1982,101(4):
235-238.

[4] TRUDNOWSKI D J,DONNELLY M K,HAUER J F. Advances in
the identification of transfer function models using Prony analysis
[C] // Proceedings of the 1993 American Control Conference. San
Francisco,USA : [s.n.],1993:1561-1562.

[5] RUIZ-VEGA D ,MESSINA A R,PAVELLA M. Online assessment
and control of transient oscillations damping[J]. TEEE Trans on
Power Systems,2004,19(2):1038-1047.

[6] TRUDNOWSKI D J,SMITH J R,PIERRE D A. An application of
Prony method in PSS design for multimachine systems|[]J]. IEEE
Trans on Power Systems,1991,6(1):118-126.

[7] QUINTERO J, VENKATASUBRAMANIAN V. A real - time wide
- area control framework for mitigating small - signal instability in

large electric power systems [ C ]// Proceedings of the 38th Hawaii

International Conference on System Sciences. Hawaii,USA: [s.n.],
2005:1-10.

(8] Aidb MRk, 4260, Prony TP AR T F G5 57 A 3h A5 AR AR B
RN FHBFFE ()], B0 RS H 8116 ,1997,21(1) :21-24.
GOU Bei,CHEN Chen,TI Zhao-xu. An application of Prony method
in identification of power system dynamic load model[]J]. Auto -
mation of Electric Power Systems,1997,21(1):21-24.

[9] Wr¥r. [A20 B ML 47 S A BS 5T AL (M. db st KRl

Ji ik, 1992.

[10] ZO6R, i /G AN HT (M), 2 Bz, b gt g Iy it
199s.

[11] LOBOS T,REZMER J,KOGLIN H - J. Analysis of power system
transients using wavelets and Prony method[C /CD ] //IEEE Porto
Power Tech Conference. Porto, Portugal : [s.n.],2001.

[12] SLAYEFE 2K AR R HE M. JLm0 AR Tl b it
1989.

[13] TRUDNOWSKI D J,JOHNSON J M,HAUER ] F. Making Prony
analysis more accurate using multiple signals[J]. IEEE Trans on
Power Systems, 1999,14(1):226-231.

[14] TAWFIK M M,MORCOS M M. On the use of Prony method to
locate faults in loop systems by utilizing modal parameters of fault
curent[J ]. IEEE Trans on Power Delivery,2005,20(1):532-534.

[15] LEE Joon - ho,KIM Hyo - tae. Selecting sampling interval of
transient response for the improved Prony method[]]. IEEE Trans
on Antennas and Propagation,2003,51(1):74-77.

[16] AR, B e, m i Jo. B T 3% AR Prony B0 1 1% 328 o EO0R IR
[J]. P ERALT R4, 2004 ,24(6) :40-43.

XU Dong - jie,HE Ren - mu,GAO Hai - long. Transfer function
identification using iterative Prony method[ ] ].

the CSEE ,2004,24(6):40-43.

Proceedings of

ht

(ERERE. F7 %)

N

EE BT,

B (1963-), B ,wl BmEA & HE IR A,
R T @AW N ZREAETS R %P2 (E - mail : suxl03@mails.
tsinghua.edu.cn) ;

R E(1941-), 8 e R RBEA HKIZ HEATAEF
AR T m A S RRAEE

Application of Prony method to parameter
identification of synchronous generators
SU Xiao-lin,ZHOU Shuang-xi
(State Key Lab of Power System,Dept. of Electrical Engineering,
Tsinghua University, Beijing 100084, China)
Abstract: The Prony method is presented to identify parameters of synchronous generators during

their three-phase short-circuit tests. Prony method is used to fit the measured data of three-phase

short-circuit currents with an exponential function based on the least square error,which can

determine most parameters of the tested synchronous generator. The identification process includes

four steps:determine the order of the fitting model,sample number and sample interval of Prony

method ; measure or record three-phase short-circuit currents without load ;identify corresponding

characteristic components in measured currents with Prony method;identify parameters of synchronous

generators according to identified characteristic components. An example generator is identified and its

results demonstrate the effectiveness of the presented method. The study shows that,higher accuracy

can be achieved when sample interval is about 2 ms. The identification accuracy is related to the

order of the fitting model,sample interval and sample number,and also affected by signal noise,which

shows the method should be improved.

Key words: synchronous generator; Prony algorithm; parameter identification



