
Linearized Analysis



Equilibrium Condition Calculation

• Infinite bus voltage is GIVEN - E∠0
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• Steady state generator Power output and
Voltage Magnitude are specified: P, V .



• Transmission Line reactance is specified: X

• Phase angle of generator terminal voltage:

θt = sin−1 PX

V E



• Generator bus voltage is V ∠θ:
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• Line Current = Generator Current is I∠φ:
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I = ‖
V∠θt − E∠0

jX
‖

φ = ∠V∠θt − E∠0
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Ed = −E sin δ Eq = E cos δ

vd = V sin(θt − δ) vq = V cos(θt − δ)

id = I sin(φ− δ) iq = I cos(φ− δ)

(Eq + jEd)ejδ = E∠0

(vq + jvd)ejδ = V∠θt

(iq + jid)ejδ = I∠φ



If Ra is neglected and ωo = ωB then in steady

state,

(Efd + (xd − xq)id)ejδ

= (vq + jvd)ejδ + jxq(iq + jid)ejδ

= V∠θ + jxqI∠φ



Therefore δ is

δ = ∠(V∠θt + j xq I∠φ)

From (iq + jid)e
jδ = I∠φ, obtain id, iq



• (Efd+ (xd−xq)id) is known, therefore Efd
is obtained

• From Efd obtain

Vref = V +
Efd
kA

• Initial speed ω = ωo



• Compute equilibrium values of all d axis
fluxes from:

0 = ψd − vq
0 = −ψH + ψd

0 = −ψF + ψd +
x′d

xd − x′d
Efd

• Similarly for the q axis, in steady state,

0 = −ψq − vd
0 = −ψG + ψq

0 = −ψK + ψq



Linearization

2H

ωB

d∆ω

dt
= ∆Tm −∆(ψdiq − ψqid)

∆(ψdiq − ψqid) =

ψdo∆iq − ψqo∆id + iqo∆ψd − ido∆ψq

d∆δ

dt
= ∆ω



Linearization: Flux Equations

d

dt
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A3


∆ψd

∆ψq

∆ψF

∆ψH

∆ψG

∆ψK

 =

[
∆id

∆iq

]
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B1 =


−ωB 0

0 −ωB
0 0

0 0

0 0

0 0

 , B2 =



0

0

1
T ′d

x′d
(xd−x′d)

0

0

0


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Model of Interconnection

d

dt

[
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]
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• Substitute for ∆id and ∆iq in terms of the
fluxes.

• Substitute for the derivatives of the fluxes.
∆vd and ∆vq are now algebraically related
to the other states.



Static Exciter Model
d∆Efd

dt
=

1

TA
(−∆Efd+kA (∆Vref−∆V ) )

V =
√

v2
d

+ v2
q

∆V = [
vdo
Vo

vqo

Vo
]

[
∆vd

∆vq

]



∆Ed = −E cos δo∆δ

∆Eq = −E sin δo∆δ



Finally!

d∆x

dt
= A∆x + B∆u

∆x = [∆δ ∆ω ∆ψF ∆ψH ∆ψG ∆ψK ∆Efd]
T

∆u = [∆Tm ∆Vref ]T

States: 7


