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Abstract

It is important for the control and stability prediction in an electrical power system
to determine how to estimate the states of synchronous generators. In designing an
estimator, inner magnetic flux linkages are basic state variables because the dynamic
behavior of a synchronous machine is defined by them, and these cannot be measured
directly. Miller and Lewis proposed a method which applied the Kalman filter to the
state equations obtained by Park’s two-reaction theory. But they neglected nonlinear
terms in the differential equations and only flux linkages are incorporated into the state
vector.

In this paper a more detailed model is used, in which the nonlinear terms are
included and the automatic voltage regulator, the speed governor and the swing equa-
tion are considered. Consequently the field voltage, the mechanical torque input to the
rotor and the angular velocity of the rotor shaft are incorporated into the state vector
as well as the flux linkages. The nonlinear state and observation equations are linearized

by the Taylor’s expansion in order to make the application of the Kalman filter possible.
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Mtq0 = Log Tao/Lrao = 3 €ar/d 2 wr irao } (81)
Ligo = Mocaolao/Trao = 9 €ar Lar/2 w1 (ra0)

bao = Pao = {tao ia() = N/jg ear/fur } (82)
Prdo = Mysaofao = 3 €ar Lar/wr Erqo

FuE BT O FHEE I,
Riqo = (3/2) reqo = 3 wr Lesao/2 = weLisgo = 9 €ar far/2 (Era0)® (83)
Eieh, NEEEOEEML TR I vkD@ED &b,
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a0 = €qo=Tyly=4 2 €y } 4

erao = Reao Lrao = 3 €ar far/izao
BORERD &, e, eq DIEMEITEKRBED peak il 7o > Tk b, X, BELBZWROE
& ORIk DBIRMBRIZ LT\ 5,
ey = wr Py (85)
Lo, Mygg, Leg, Reg 1003, ZREEfIC R LT (76), (17 ROBEWHE T 25, #lzE

_ La _ (2/8)ia _ .
N Iff;o T (@/3) ifffo = ta (86)

Linh, FROFHBI I CE—® Per Unit i /x5, Fig,

Itq

=T 87
ThHME, TXTDA VL7222 FY T 72 vAD Per Unit HICEEH2 DR 5,

CLEW 5 2 7o B B OILHEM B O (85)~B7) REH -, (78), 79 RNE BB TEHLTE, 4
BERABELRB,

$a = — x4 ta+ Tara ira

¢ra = — Zara ta+ Trrq ira } (1)
g = —2qig

eq = (/o) pda—1fwy) dq p0—rig l

era = (1/wy) pPea~+7raisa ] (2)
€q = (1/w;) PPq + (1w ¢a p0 — 7y

M, M XA RELETERTH B, O ROLMIC L ), WAN, EHEE CENRE
5 E &L, RBEEROMELE ine DI X 5 FTRAPBILT B,
e =Pa=ir=e=Pr=p0=1 }

o=y =da=1q=0

(83)
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82 2. RBHERICPISELE
wr D REHEOEE Rated) AHE
r © BT (Armature) EIERIEH
€, € : EmEE) (Direct and Quadrature Axis) RIS ERE
ba, Gq ¢ EEREITEEE T E R OS5 R (Magnetic Flux Linkage)
Za, 1q D R E B R
7rd © BEEAR (Field) EIEIEH
erq : EE AR E
err DR E O HRAE
dra D TE R R E B O SHAT R
irg T E S RO B IR
Za, Tq D EEE R T EE o R (Synchronous) V7 7 % v A
Zrta, Lera: BB REIROBAD Sel) V7 72 vARPA vE I &2 VA
Ly, Ly @ HEHEBERTEBEOADA v &7 2 v A
Zata, Lora: TS FOR E RREIKOMEE Mutual) V7 27 & VARCA Y E 7 X VA
x4 : BBy (Transient) VvV 77 &2 VA
T o D TE G R R
24 : [E#EF (Rotor) DHERE AR E
po D EEFOARED o b DRE
e o RSN (Terminal) BMEDOKE X
V. i AVR @R 5 EMEEE
J D EEHHFERNCRTAEEER
D : GEE AR R B HERE
Tm D EEFA~OBER AT b2
AT AT EDBAT 7 OB
Ty D REESSOBEM B A2
Py, Qu : REBOEDHEIHEIIES
Ge, G : AVR, #3075 4 v
Te, Tg i AVR, #3FDOER
€ar D REBOERTEREE

far DO REEBOERTERER



