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Problem 1 (25 pts.)

Four single-phase loads are connected in parallel across a 60 Hz, 7.2kV source. The nature of
the four loads at the rated voltage are described below:

Load #1: Line current is 8 Amps at 0.9 power factor lag
Load #2: Line current is 12 Amps at 0.8 power factor lag
Load #3: Line current is 10 Amps at 0.85 power factor lead
Load #4: Line current is 7 Amps at unity power factor

Calculate the following: —F v
, %] 73

a) The magnitude of the total single-phase source clsre

b) The total complex power consumed by the oads

¢) The minimum total single-phase source current magnitude you could achieve using power
factor correction capacitors

Now assume that the total complex power you computed in part b) above could be divided up
and arranged in a 3-phase balanced configuration and served from a 3-phase source of 12.5kV
(line-line).

Calculate the following:
d) The magnitude of the line current of the 3-phase source

e) The minimum line current magnitude you could achieve using power factor correction
capacitors
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Problem 2 (25 pts.)

A multi-coil magnetic circuit is illustrated in the diagram below. The cross-sectional area of the
magnetic core is A everywhere. The permeability of the magnetic core is infinite. There are two
air gaps with lengths g; and g; as shown and permeability [1,. You may neglect fringing. You
may define the two voltages and two currents any way that you like.

a) Put the polarity “dots” on the proper side of each coil

b) Find A, and A, in terms of your currents i, and 1 where v; = dA/dt and v, = d\y/dt

¢) Find an expression for the force that will try to close gap g1 when the circuits are energized.
d) Find an expression for the force that will try to close gap g2 when the circuits are energized.
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Problem 3 (25 pts):
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a) If A= > find both W/ (i,x), W _(i,x),and then f° atx=0.1m and i= 10A.
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b)  Use Euler’s method with time step At = 0.1s to compute x(t) and v(t) at t =0.1 and 0.2s in
the following system

dx

a x(0)=0.5
dt Q)]
iiz=l—xv+x2 v(0)=0
dt
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¢) Input resistance at “ab” is 100Q(R > 0). The value of R is q .
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d) Write the two loop equations for the circuit shown
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Problem 4 (25 pts.)

Given the electromechanical relay shown below with the typical parameters as indicated. The
rectangular pieces are iron with infinite permeability and cross sectional area A. The spring
zero-force distance (script £) is calibrated to the distance x.
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a) Find an expression for the force of electrical origin acting on the mass M in terms of the
various parameters in the figure and the coil current.

b) Write the complete dynamic model for this device in state space form (3 ordinary differential
equations). Assume inputs are voltage and external force. Add a resistor to the coil.

c) If the mass is held fixed at an initial position x, while the coil is energized to a current value
of ip and a flux linkage value of Ao, find an expression for the energy transferred from the
electrical system into the coupling field.

d) If the flux linkage is then held constant at Aq while the mass is moved from position Xg to x,
find an expression for the energy transferred from the mechanical system into the coupling
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Problem 5 (25 pts.)

A 3-phase, 4-pole, 60Hz, round rotor, Y-connected synchronous machine is delivering 6,000
Waitts (3-phase) to a network at 480 Volts (line to line). This 6,000 Watt output will be constant
throughout this problem. The machine has a synchronous reactance of 25 Ohms and negligible
stator (armature) resistance.

When the rotor (field) current is 4 Amps, the generator line current is 8 Amps while serving this
6,000 Watt load. When the rotor (field) current is reduced slowly, the generator line current
decreases to a minimum of 7.22 Amps (unity power factor operation) and then starts to increase
as the rotor (field) current is reduced further. Eventually the synchronous machine becomes
unstable (torque angle equal to 90 degrees) when the rotor (field) current reaches its minimum
allowable value for this level of real power load.

a) What is the rotor (field) current when the machine is operating at unity power factor?
b) What is the torque angle when the machine is operating at unity power factor?

¢) What is the rotor (field) current when the machine becomes unstable?

d) What is the generator line current magnitude when the machine becomes unstable?
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Problem 6 (25 pts.)

A 5 HP, 230 Volt (line to line), 60 Hz, 3-phase, Y-connected, 6 pole Induction motor is running
at rated voltage and is loaded to rated HP. The stator resistance and leakage reactance may be
neglected. The rotor resistance referred to the stator (R,’) is 0.8 Ohms. The rotor leakage
reactance referred to the stator (Xj;’) is negligible. Note, 1 HP = 746 Watts.

a) Plot the torque to the shaft versus speed for this machine — show numbers (for both torque
and speed) on the plot.
b) Assuming that the HP rating is the power out the shaft (P,), what is the rated speed in RPM?
(you may assume that the slip at rated speed is much less than 1.0)
¢) What is the frequency of the rotor currents at rated speed? 2
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