EE3124 Tutorial 4

Synchronous Generator

Name: Student No.:

Q1 - A three-phase star-connected cylindrical synchronous generator is rated at 20 MVA
and 11 kV. In an open-circuit test, a DC excitation current of 10 A is required to produce
the open-circuit line voltage of 9 kV. In a short-circuit test, a DC excitation current of 8 A
can circulate the rated current in the armature winding. It has an armature resistance of 0.5
Q per phase. Assuming no magnetic saturation, calculate the synchronous impedance.
Determine the no-load EMF and hence the voltage regulation when the generator supplies

the rated current at 0.8 power factor lagging to an 11 kV infinite busbar.

Q2 - A 6.6-kV 3-phase star-connected turbo-synchronous generator, of synchronous
reactance of 0.5 Q/phase, is supplying 40 MV A at 0.8 p.f. lagging to a large power system.
Calculate the phase voltage and current of the generator. If the steam supply is cutoff,
explain what takes place, and determine the current the generator will then carry assuming

negligible losses?

Q3 -A 480-V 60-Hz, A-connected, four-pole synchronous generator has the open circuit
characteristic (OCC) shown in the following figure. This generator has a synchronous
reactance of 0.1 Q and an armature resistance of 0.015 Q. At full load, the machine supplies
1200 A at 0.8 PF lagging. Under full-load conditions, the friction and windage losses are
40 kW, and the core losses are 30 kW. Ignore any field circuit losses.

(a) What is the speed of rotation of this generator?

(b) How much field current must be supplied to the generator to make the terminal voltage
480 V at no load?

(c) If the generator is now connected to a load and the load draws 1200 A at 0.8 PF lagging,
how much field current will be required to keep the terminal voltage equal to 480 V?

(d) How much power is the generator now supplying? How much power is supplied to the

generator by the prime mover? What is this machine’s overall efficiency?
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(e) If the generator’s load were suddenly disconnected from the line, what would happen
to its terminal voltage?

(f) Finally, suppose that the generator is connected to a load drawing 1200 A at 0.8 PF
leading. How much field current would be required to keep VT at 480 V?
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Q4 - The internal generated voltage of a 2-pole, A-connected, 60 Hz, three phase
synchronous generator is 14.4 kV, and the terminal voltage is 12.8 kV. The synchronous
reactance of this machine is 4 Q, and the armature resistance can be ignored.

(a) If the torque angle of the generator 6 = 18°, how much power is being supplied by this
generator at the current time?

(b) What is the power factor of the generator at this time?

(c) Sketch the phasor diagram under these circumstances.

(d) Ignoring losses in this generator, what torque must be applied to its shaft by the prime

mover at these conditions?

QS5 -Suppose that you were an engineer planning a new electric co-generation facility for
a plant with excess process steam. You have a choice of either two 10 MW turbine-
generators or a single 20 MW turbine generator. What would be the advantages and
disadvantages of each choice? What are the conditions before you synchronize your power
to the power grid?
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