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Automation of Electric Power Systems

A @

o2k M

RARGXLHNBRUNERSZERTN

Ll

i OE
REMNIMAMNERLEHHECZ —,

MEL EKF HEH U
CHEAL Tk

071003 %)

BAHLZALHMANBTZAAT TR HEZAANBINERLAEEE L, MmAEAR A TN
XPEEIT AN ARFERNGEME EFT o p-7 5k

W B —FRMEEX R a PV IEE BN ARG LA A NS PR EAR A BATTM , 2
1Bt b = A — AR AL A R T lods AL R EW o B MBS RIF TN L

wALE T A AL,

X\ AANE AEmA TN

0 31§
Bt A R IR HLE R 0 K, TR 4 Bk
PREMRGEGPOR I, AT RERA

B TR A DU RS LSS B, H R, [ Y SRR 4k
WHE 73T GPS HOAR B I B E D IR R
TR A DN B ) R SRR WAL R A AR E A
] B B e KN R A0 SCRR LT M A 4 5
P S L MDA JFE I P 45 ) AR A8 A R T — BT
L ) RS A AR P R AL B R A S R Y
HHE L IR BE 5 o0 BILAY Al 1 i 42 5 O REFR Bt — D R 4¢
225 o WA AR TR 0 L DL DR R G R B A AR
FE WML, T AR A A R 1 RE 92 5 rd (AR
2l 275 H A 2 1A i — RE RO IFA], A RE 2 ik 4%
AN A R, BAFAE I SE O T v iR B SE, AR SCH]
a— =Y PP AR X S 5 M A BEAT BN LA 2 ATl
Wi, D PSR W], B A R B AT,

1 ZEVNHEFERE

ML R G AR A WV R S Sl A
FAON R E PN TEAL, SN IR B RSN
F 7k M) B X A G O b SR IR T
R R AR D R TR ) B i (AR AR
AR 0 ) 5 HL 738 {7 AT Hp o b BRAL AN 2 0T 45
Hi FE AH AR R R A R S B R RS A
3 2 3 A D) % 2] A5 A AH A D T A T AR 4 A
CL 1) AH A 12 25 4 A 5 0] 75 211 5l A F 238 50
A XA S AT T S, & AL R
SVC.UIHLEE

F T 37 B30 15 3 00 B, 225 41 A 7 2 IR B

1997-10-09 ¥ 45,

— JE (1 5 (8] A B8 51 25 25 A0 A 0 8 2, DR S A

A DN A 2 v o ST 2 A I B AL L X

HAEATH , 2% — Bk E AR 8L A H

BLE AL, m] ] o AL A ASE TR SHe R AT 4 3
KL s B T RN

%5 + Dé= P, — P. (D
— % D te#/N, Bl
T,60 = w, AP (2

B AP ALK /] R 2 W I R 9 B
ARG HITEN

x 0 1 0} |x 0
T|=10 0 1| |a|+ [0]|w®) (3)
x 0O 0 0f|x 1
Hep 2 R 60 BN,
HeEdib R,

ck+D] |1 T %1 (k)

ik + 1| = | [r® |+

Gk + 1) . # (k)

[LTs,LTZ,TTWUw (4)
61 "2

Ho W) BEaMs, HIE AT, F2EZH oy
(k) 7% SEBFI B A A A 50 (B) 8 B
0 (k) RN SE

D 75 RE A
x (k)
Y()=[1 0 0]|xCk) |+ V() (5)
a(k)

Hop V) B AMS ENE TN o7,



BRI S A -

R H ) ZR g S AR AR I A R B2 2 R AR 23

?2 o-BY ik

PR 7 S B ACHR A L 2 R B Bk
() S s P B TR B SRS BE AN ) RS % SN A
T TR AR XS /N LA SCHE Y o B-7 YRR AR oo B-7 U
i =R T SO (L I T A P T2 ) N A A A NN
B, PR ER RS B B, g )T 2 N T L3 H bR Y R

E/’j%:[?]o
B GHRXEF R,
Xtk+1)=AX) +BWHk) (6)
Y(B) =C X(k) +DV(k) )
W RIR SR P FER
X+ 1D/k) =AXk/k) (8)
P((k+ 1)/k) = A P(k/k) A" + Bo),B" (9

X(k+D/k+ 1) =
X((k+ D/ + K+ 1)+

Y+ 1) —CX(k+ D/B] (10)
P(k+ 1) =[1—K&k+ 1) CIP(k+ 1)/k)
(11
K(k+ 1) =Pk + 1) C'(DRD")"" (12)
FaAS 2R PRI
K(k+ 1) =K

P((k+1)/k) =P+ 1)=Pk)="P

K = [a, B/T, 7/T"]", BRI N T =
(Uu Jo ) RS S A5 B — R A A T T R
=

8+ I't’ +(—FZ J6+

530

BT

[6——F2+—F4)t*+

9 1296
_ ig i 2‘ 2 __
[ 50— 361“)1 +( 4+18F)z
It +1=0 (13)
Hp = /1 — a,

K13 AT HFBUEREREE 0. 3,7 5t 1y
KRUT .

a=1—1 (14)
Y =1I (15)
}/2
B =/ 2aYy — B (16)
BAERS IR P R
J X(k/(k—1) =AX((k—1)/k— 1))
< Xk/k) = Xk/(k— 1)) +
[ K[Y(k) — CX(k/(k — 1))]
an

HERFE oy oy MESEURTE T )5 K Al AR H .

3 SHEREBNEE

i & LAY B B )y R 1S
(3 000 ~ 2 250)AP (18)
il s
{8}y = (3000 ~ 2 250)AP 19
0 E?@izﬁj AR AL R — AN IE 5 R B

AR R O B — A A IE X SR B AR LS R Y
LR 1 s AP IERIA 1, oy BUN 500, 4R 35 41 A 0
A E MR R AT LI MRS o O 0. 05,

Z R E IR E H AT ) R SR S IR
KL 2400 bit/s B 4800 bit/s, B E R MBCHNO. 1 s,
B2 3l BB 0. 1 s [0] 45 I 2 7 3l 2% — > 2 % A
. XFERT B LORTT o B-7 IR RIS E. S HH
AR L R,

(D) a—p-7 IEP#%

X(k/k) =AX((k — 1)/(k — 1)) +
K[Y(k) —CAX((k—1)/(k—1))]
(20)
(2) T N
Xk 4+ NY/R) = AN(T) X(k/R) QD
Ho AR T BN 0. 02, BV JE 30—k,
AR F b i g s N e Kok 5,

4 HEHR

DI IR R B i ) R B RS BT
(1988 4E RO Y 8 #L 31 M ARG M|, M ARG 5
A, B M kA A B, B oy = 500,0, =
0.05.7 = 0.1 s, 23K a 37 IR RS EH 0 =
0.985,8=1.56,7 = 1. 29; Y RZ SR, L 0y =
50,00 = 0.05, K1 o B-7 I W A S EN 0
0. 769 B = 0.54,7 = 0.192,Z 5 H & J5 X% i

117 Z Mg b T 005 JLAE 5T . it R G2 8/ ik
fﬁJ KIS BAE R A0 R AT 0. 1 s TN L 24 REAR
I o T K AL AR AR 3R 1 B T R G E
KL BB, 000 () & H AL 2 AR R0 S5 B 1 & HL BT ) £
)M 22 . TN 25 SR TF o B—7 UE I 4 BB 6 AR 47 b T30
W& LI f B 284k s WK H IR AT LA L 3E 1 5L
3 SHAENRFENSH MM LK AIE K 1A 2
s 24-23 28 0 s TFUR —AHEE %, 0. 22 s —AH BT
H.0s~5sW15.2% 35875 KEHAIM
75 Ak B T A 2

:H



24 ® » £ 4 A 2
F1 ZBEUIABIO.1s MURHMEXREE
Table 1 The maximum errors of the power angles of generators when predicting ahead 0. 1 s
@
W 2 Y 15Hl 2 5Hl 3 5HL 15HL 55l 75 Hl 8 Sl
24—23 £k 0 s FF R = HH BB, 3.19 2. 67 1.83 2.18 1. 68 1.3 1.48
0.22 s —HHWTIF 1.0 2. 67 1.1 1.6 1.68 1.3 1.48
229 %k 0 s TFUf — M % 1.81 9.37 4.1 5.9 4.0 2.95 2.79
0.22 s = FHITIT 1. 81 5.0 1.5 5.0 4.0 2.0 2.5
2221 28 0 s JFUR = AR KB 1.43 7.87 3.5 6.3 3.7 2.37 2.95
0.22 s =HHWIIF 1.43 6.5 1.5 6.3 3 2 2.95
21-19 2 0 s TR = A B 1.49 6.5 1. 63 6.5 2.99 2.28 2.5
0.22 s ZAHWTIF 1 5.5 1.63 6.5 2.99 2.0 2.1
30—19 £k 0 s JF IR = AR KB 1. 14 1.58 1.3 2.6 5.1 9.0 8.4
0.22 s = HHWIIF 1.14 1.58 1.2 1.7 3 2 2
292 0 s Th o =M 2.56 17 1.1 2.88 1.56 1.72 1. 65
0.22 s =AW 1 6 1.1 1.6 1.56 1.72 1. 65
24—23 28 0 s JF IR = AR KBS 3.18 3.15 5. 49 4.18 5. 66 12 10.7
0.15 s~5s,7 SHLYIER 5020 th ) 3.18 3.15 5.49 3.1 3.9 8 10.7
TE AR 1 35— A7 B R WO R A 10 s i BR B 1 S R AR 25 5 A% AT B SRR R A 0. 5 s i IR BR A R OR R 2%
200 e A 445 i 1) B8 K i T 5 5 1 2 25 AR AR 1 T30
350 JESLE AR AN R RGN 02— ARSCHER LR
300 CERIRZIPE R Gy iR R 3 il o A O CRV AR 31 & £ 0)
250 HA, 7 7R G0 S I AR A 0 R ) 225 AR AR R AT TR, DA
<200 500 b 7 A — A A9 2 25 A0 A T A L o
< 150 JI Fr T30 A5 I S AR 275 AR IS . D A
100 SRR, WO OR R AT,
” % % X
-50 ! L L | 1 A BRI E L B, 55 .  RE S AR R
L : GHFFE . W RGEH HME.1997.21(9):17~19
1 EHEHIATY 2 Centeno V, De Le Ree J, Phadke A G et al. Adaptive
Fig. 1 The power angle curves of generators Out-Of-Step Relaying Using Phasor Measurement
Techniques. IEEE Computer Applications in Power,
1993, 6(4):12~17
3 Denys P, Counan C, Hossenlopp L et al. Measurement
of Voltage Phase for the French Future Defense Plan
Against Losses of Synchronism. IEEE Trans on
PWRD, 1992,7(1):442~449
4 Burnett R O, Butts M M, Cease T W et al.
Synchronized Phasor Measurement of a Power System
Event. IEEE Trans on PWRD, 1994,9(3):1643~1649
5 Stanton E S, Slivinsky C, Martin K ez al. Application of
4 . ) ) , Phasor Measurements and Partial Energy Analysis in
0 1 2 ths 3 5 Stabilizing Large Disturbances. IEEE Trans on PWRS,
B2 Hiaes 1995,10(1):297~302
Fig. 2 The error curves of prediction 6 F sROXUBEMS, B ISR, S GPS [H 2 T &R
G A TR E WO A= L B R g A Sk, 1998, 22
5 H#5iE (6):11~13

WL PRI RIRG E Pl i ik R T ZR G R AL L PR A

JgAt 1991
Kalata P R. The Tracking Index: A Generalized



cFRRXEMAHR - AGNIEE B R GE S AR A I R Y 225 AR A T 25

Parameter for a—f3 and «a—f(3—7 Target Trackers. IEEE

Trans on Aerospace and Electronic Systems, 1984. 3: EER,S,1063F 42 ML RAE, T EMAE N LA
174~182 A M AR F,

9 Sudano J J. The a—p—7 Tracking Filter with Noisy Jerk AREL,B,1060 F A ML . XK, T2ANEELHERE
as the Maneuver Model. IEEE Trans on Aerospace and BELEEHEF@BOFR,
Electronic Systems, 1993.4:578~580 BRF,HB,1945 F A AL, 3 XK, T2 NERE A

KANFFTBGHR,

PREDICTION OF REFERENCE PHASE ANGLE
IN REAL-TIME PHASE ANGLE MEASUREMENT OF ELECTRIC POWER SYSTEM

Lu Zhigang. Hao Yushan, Kang Qingping. Hao Yuqian. Yang Yihan
(North China Electric Power University. 071003. Baoding. China)

Abstract The real-time phase angle measurement is very important to the monitoring and control of power system. and the
prediction of the reference phase angle is one of the cores of the real-time phase angle measurement system. Based on setting
up the mathematical model of the power angle of the generator. a solving expression of a—f3—7 filter is concluded. The paper
applies the a—(—7 filter to predict the reference phase angle in order to provide a leading reference phase angle for monitoring
and control on the spot. The simulating results show that «—f3-7 filter can predict the change of the power angle of the

generator efficiently.

Keywords phase angle measurement reference phase angle prediction





