
Synchronous Machine pu Model



Compact Form of Flux Equations
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q-axis Model - per-unit
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d-axis Model - in pu (assuming T ′′dc = T ′′d )
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Zero Sequence Equations in pu
(not required for balanced situations)
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Torque Equation in per-unit
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ω is the electrical angular speed in rad/s.

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



Approximate Models

If studying slow electromechanical transients,

while operating near the nominal speed, use

0 = −ωBψq − ωBRaid − ωBvd

0 = ωBψd − ωBRaiq − ωBvq

i.e., set
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Approximate Models: ‘2.1’ Model

If the effect of one q-axis damper winding is
neglected (i.e., the ′k′ winding), set

Rk =∞⇒ T ′′q = 0

Therefore,
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2.1 : Two windings on d axis, One on q-axis



q-axis equations: 2.1 model

dψG
dt

=
1

T ′q
(−ψG + ψq)

ψq = x′qiq +
(xq − x′q)

xq
ψG

dψq

dt
= ωψd − ωBRaiq − ωBvq

The last equation can also be made an algebraic
equation when studying slow transients



d-axis equations 1.1 model
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q-axis equations 1.0 model
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The last equation can also be made an algebraic
equation when studying slow transients



Classical Model: 0.0 model
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Classical Model
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Further Approximations : Ra = 0, xq = x′d


