
Two Machine System pu Model



Differential Equations: Network Transients
Neglected

dψG
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Simple Static Exciter + AVR Model

dXE
dt

=
1

TA
(−XE + kA (Vref − V ) )

V =
√
v2
d

+ v2q =

√
v2D + v2Q

Efd = XE except that it is clipped if limits are
exceeded



Simple Turbine- Governor Model

∆Pm(s)

∆ω(s)
= K

1 + 2s

1 + 6s

Pm = Pmo + ∆Pm

∆ω = ωREF − ω

Pm is limited.



Mechanical Equations in per-unit

dδ

dt
= ω − ωo

2H

ωB

dω

dt
= Tm − (ψdiq − ψqid)

≈ Pm − (ψdiq − ψqid)



Mechanical Equations in per-unit

ω is the electrical angular speed in rad/s.

ωB is the base electrical angular speed in
rad/s.

θ = ωot + δ, is the rotor position.

In this study, let us take, ωo = ωB



Algebraic Equations (Both Machines)

ψd = x′′did+
(x′d − x′′d)

x′
d

ψH+
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xd

x′′d
x′
d
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0 = −ωBψq − ωBRaid − ωBvd

ψq = x′′q iq+
(x′q − x′′q )

x′q
ψK +

(xq − x′q)
xq

x′′q
x′q
ψG

0 = ωBψd − ωBRaiq − ωBvq



D-Q variables
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D-Q variables
fa

fb

fc

 = [CP1]


fd1

fq1

fo
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D-Q variables[
cos δ1 sin δ1
− sin δ1 cos δ1

] [
fd1
fq1

]
=

[
fD1
fQ1

]

(fQ1 + jfD1) = (fq1 + jfd1)e
jδ1

For Machine 2:

(fQ2 + jfD2) = (fq2 + jfd2)e
jδ2



Algebraic Equations (Both Machines): As-
sume x′′d = x′′q

ψD = x′′diD + F1(ψH,ψG, ψK,ψF , δ)

0 = −ωBψQ − ωBRaiD − ωBvD

ψQ = x′′diQ + F2(ψH,ψG, ψK,ψF , δ)

0 = ωBψD − ωBRaiQ − ωBvQ



Algebraic Equations: Network + Load:
Transients Neglected 0

0
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
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 vD1

vQ1

−

 vD2

vQ2






Algebraic Equations: Network + Load:
Transients Neglected

vQ1 = RL1(iQ1 − ilQ1)

vD1 = RL1(iD1 − ilD1)

vQ2 = RL2(iQ2 + ilQ2)

vD2 = RL2(iD2 + ilD2)



Differential Equations / Algrebriac Equa-
tions

Differential Equations / States: 16

δ1, ω1, ψG1, ψH1, ψK1, ψF1, XE1, XG1

δ2, ω2, ψG2, ψH2, ψK2, ψF2, XE2, XG2

Algebraic Equations / Variables: 14

ψD1, ψQ1, ψD2, ψQ2, iD1, iQ1, iD2,

iQ2, vD1, vQ1, vD2, vQ2, ilD, ilQ


