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Problem 1. (25 points)

The co-energy of a device is given by
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Find:

a) The expression for flux linkage () as a function of i and x. v~
b) The force of electrical origin f*(i, x)
c) The energy stored in the coupling field Wm as a function of / and x.
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Problem 2, (25 points)

An electric machine (1 = stator, 2 = rotor) has the following linear flux linkage vs current characteristic:
A = 0.2i) + 0.1sinB ia

A= 0.1sin@ iy + 0.3 i,

) What is the energy stored in the coupling field when 8 = 90 degrees, i, = 3 Amps, and i» = 5 Amps?

v5)  How much energy is given to the coupling field by the mechanical sysiem if' 8 is changed from 90 degrees 10 60
degrees while the two currents remain constant?

c) How much energy is given to the coupling field by the electrical system during that same path from @ equals 90
degrees to 60 degrees while the two currents remain constant?
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Problem 3. (25 points.)
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For the system above, assume that a sleady-state operating point has been reached; then:

a) Find an expression for the flux linkage, 4, that includes g and V. (6p1)
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b) Find an expression for the energy stored in the coupling magnetic field that includes g
and V. (6pt)

From Tt Flox  relodion I\(LJ%) ord =ivuce.
4 979¥w 'S k1'lvu£'-<=>ur)~.:w3 con  Worle will.

h—& COMBY!{: o )
i N d, T ,UoNv'acJ_ 2
WM(A’J 3): O/U 2? Ldl = 4% ¢

Siace L= Y55 ) Wa (G, vac) = MeN'ad B

¢) Find an expression for the co-energy that includes g and V. (6pt)
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d) Find an expression for the force of electrical origin that tries to reduce the airgap that
includes g and V.. (7pt)
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Problem 4. (25 points.)

The rotor angle dynamics of a synchronous generator are described by the following second-
order non-linear differential equation:

M d&'8/dr =B ds/di =P - K sin 6,

where M, B, P, and K are positive constants.

a) If you were to write the above differential equation in state-space form, which variables
would you take as states? (5pt)

o= s T
1 _ &5 —s X = [Y‘l,ylj]
XZ: - =

b) For the states you chose in a), write the state-space model equations. (10pt)
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¢) Find the equilbrium points of the state-space model in b) that cormespond to values of &
between ¢ and n. (10pt)
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