Linearized Analysis




Equilibrium Condition Calculation

e Infinite bus voltage is GIVEN - E Z0

2
2 2
Ey,, = \/;E sin(woet — g)

2 . A
Ecn — \/;E Sln(WOt — ?)

e Steady state generator Power output and
Voltage Magnitude are specified: P, V.



e Transmission Line reactance 1s specified: X

e Phase angle of generator terminal voltage:
1 PX

Oy =sin™ ' ——
t = Sl VE



e Generator bus voltage is V' Z0:

2
Uan — \/%V Siﬂ((ﬂ()t _|_ @t)
2 2
Vb = \/;V sin(wet — g + 6¢)
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e Line Current = Generator Current 1s [ Z¢:

2
by = \/;I sin(wot + @)






Ej=—Esino Eg= Ecoso
vg = Vsin(f —9) vg =V cos(0y —9)

ig=1sin(¢ —0) ig=1cos(¢—9)

(Eq+ jE)el® = EL0
(vg + jvd)ej5 = Vl@t

(iq + jig)ed® = 1L ¢



It R, 1s neglected and w, = wp then 1n steady

state,
(Efd + (g — wq)id)eﬂs

VL0 + jugd Lo



Therefore ¢ is

§5=L(VLO+j xg IL)

From (i 4 jig)el® = I/, obtain ig, i



 (E¢q+(rg—1q)ig) is known, therefore F ¢,
1s obtained

e From £ ¢, obtain

Eyq

T@f V+ kA

e Initial speed w = w,



e Compute equilibrium values of all d axis
fluxes from:

0 =g — vg

0=—vg+y

/

L

0=—vYp+1g+ 4
X — xd
e Similarly for the g axis, in steady state,

0=—vg+ Yy

O:_¢K+¢q
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Linearization: Flux Equations
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Model of Interconnection
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e Substitute for Ai; and A7, in terms of the
fluxes.

e Substitute for the derivatives of the fluxes.
Av, and Avg are now algebraically related
to the other states.



Static Exciter Model

IAEpg
7 = TA(—AEfd—I—kA (Avref—AV) )

V = \/U —|—’U

[@ @] Avg

AV =




AFEj = —FE cos 0pA0

AEQ = —F'sin 50A5



Finally!

dA
d—f — AAz + BAu

Az =[AS Aw AYp Ay Ay Avg AEq"

Au=[ATy AVpes]?

States: 7



