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Executive Summary
In a turbo-alternator, electric power is generated by converting mechanical energy into electrical energy.
The rotor mass, which contains turbines and generator units, stores kinetic energy due to its rotation.
Neglecting losses, the acceleration in the rotor angle is proportional to the difference between the input
mechanical power and output electrical power. For steady operation, the acceleration remains zero. The
system is said to have become unstable when the angle keeps in accelerating due to sudden loss in the
power output due to fault. Furthermore, the derivative in the rotor angle is the angular speed of the
generator, which is usually 3,000 revolutions per minute (rpm) for turbo-alternators for a 50 Hz system.
Any deviation in the rotor angle from its nominal value of 3000 rpm is indicative a deviation from the
nominal operating frequency of 50 Hz.
In case of a sudden increase in load, the stored kinetic energy in the rotor mass is released. Conversely,
for a load reduction, the rotor mass momentarily absorbs the energy released. In the either case, the
equilibrium is disturbed and the rotor accelerates or decelerates causing a frequency deviation. The
turbine-governor control system then restores the angular speed thereby restoring the frequency.
In an interconnected power system where multiple generators are connected, the change in load has to
be shared by the all the generators. To facilitate this, a linear relationship between the drop in frequency
caused by the mechanical power is established for each generator. This is usually called the droop
characteristic, which ensures that each generator shares the power output according to their rating. This
also ensures that the drop in system frequency is uniform through the network for a large load change.
The other aspect is load frequency control, which re-establishes the system to its nominal frequency of
50 Hz.
In a converter controlled microgrid, the system is inertia-less, since the converters do not have any
moving part and therefore cannot store any rotational energy. However, the response to any load change
has to instantaneous. Otherwise it may lead to a total voltage collapse due to the mismatch between
power demand and supply. To alleviate this problem, many authors have tried the concept of frequency
droop, where the frequency is dependent on the real power supplied, while the converter output voltage
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magnitude is dependent on the reactive power supplied. In the first part of this report, we have
investigated how this can be achieved. The converter control mechanism is discussed in details for this
purpose.
With the modern global positioning systems (GPS), it is easy to provide a time stamp such that receivers
spread over a large geographical area can be synchronized to a common reference clock. In such an
event, the use of the angle of the converter output voltage becomes more meaningful. For the angle
droop control, the converter output angle is varied with the real power output. This results in a much
responsive control action. Moreover, this also does not require the frequency to be restored after a load
change. A comparative study of the two droop controllers is also presented in this report.
It has been shown that the angle droop controller is more effective than the frequency droop controller in
a voltage source converter based autonomous (not utility connected) microgrid. Both the frequency
droop controller and the angle droop controller are designed ensuring same stability margin in a two DG
system. It is shown that the frequency variation with the frequency droop controller is significantly
higher than that with the angle droop controller, even the output powers in both cases are almost
identical.
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