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ABSTRACT 

The depletion of conventional energy sources has given rise to an increased emphasis on 

renewable energy sources such as wind, mini/micro hydro, biogas, biodiesel, biomass etc. 

Therefore for rural electrification as well as electrifying remotely located community such 

energy sources employing an asynchronous generator becomes a prominent option. In 

renewable energy applications of low and medium power (up to 100 kW) the induction 

generator offers several advantages. In low power rating applications, uncontrolled 

turbines are preferred, as the generator output power to be held constant while varying 

consumer loads. An auxiliary load in shunt with the consumer loads is necessary to keep 

the electrical load constant at the generator terminals thus, the Isolated Asynchronous 

Generators (IAGs) can operate with constant input power. 

Due to an increase in greenhouse gas emissions, reasonable attention is given to renewable 

energy sources. The hydro is one of the prominent renewable energy sources to supply 

electric power in remote and isolated areas, where grid supply is not accessible. An 

asynchronous generator for supplying electricity in such areas by harnessing available 

renewable energy sources such as hydro, wind and biomass becomes the most appropriate 

option compared to other electric generators like the reluctance generator, a permanent 

magnet (PM) generator, and a synchronous generator. 

In hilly and isolated areas plenty of hydro potential is available. These hydro potentials 

can be used to drive hydro turbine to generate the electricity. However, asynchronous 

machine can be used as a generator provided its reactive power requirement is fulfilled by 

capacitor banks, is called Isolated Asynchronous Generators (IAGs). 
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The main problem of mini hydro/micro hydro is the prime mover input is constant to the 

isolated asynchronous generator but the loads are changing. Due to this the frequency and 

voltage of the generator is changing and wind driven generators the prime mover input as 

well as the loads connected are changing, the challenge lies in keeping the frequency and 

voltage constant under the varying input from the prime mover as well as varying loads 

and keeping the power quality into view. These harmonics in voltage and current increase 

the power losses, create unequal heating and cause pulsations on the shaft of the IAG and 

distort voltage to the consumer loads. If such harmonics are present in three-phase four-

wire systems the neutral conductor dissipates more power losses and heating. In view of 

above, an effective and efficient controller is investigated for three-phase three-wire and 

three-phase four-wire IAG system to control the voltage and frequency, suppress the 

harmonics and neutral current compensation. 

This research work is mainly focused on three-phase three-wire and three-phase four-

wire applications for IAG driven by constant power hydro prime movers with no governor 

control. The advantages of using an asynchronous generator instead of a synchronous 

generator are well known. Some of them are reduced unit cost and size, ruggedness, 

brushless (in squirrel cage construction), absence of separate dc source, ease of 

maintenance, self-protection against severe overloads and short circuits, etc. For such 

isolated applications the simple control strategy is hold a single point operation by 

ensuring the input power and output power constant. The output power is maintained 

constant by having a voltage and frequency controller (VFC) in case of integrated 

controller and electronic load controller in case of decoupled controller, which ensures the 

sum of powers consumed by consumer load and controller auxiliary load constant. As 

consumer load reduces, the VFC diverts the excess active power into the auxiliary load. 
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The investigation covers design, simulation and development of various topologies of 

VFCs, which can make the system adaptable to feed various types of three-phase three-

wire and three-phase four-wire consumer loads. In view of such requirement, various 

topologies of VFC may be explored especially for three-phase four-wire systems with 

various transformer configurations such as star/delta, zigzag/star, T-T connected, 

star/hexagon and star/polygon connections for neutral current compensation. 

The various topologies of VFCs include the three-phase three-wire/four-wire integrated 

and decoupled voltage and frequency controllers. These controllers to control the voltage 

and frequency and improve power quality require generation of reference currents. The 

reference currents are extracted using some existing algorithms like IRPT (instantaneous 

reactive power theory), SRF (synchronous reference frame), ISCT (instantaneous 

symmetrical component theory), PI (proportional integral) , Adaline (ADAptive LiNear 

Element), PBT (power balance theory), CSD (current synchronous detection), IcosCI) 

single-phase p-q theory and a new conductance based control algorithm with indirect 

current control. The VFCs with the generating system is modeled and simulated in 

MATLAB environment using Simulink and simpower system (SPS) toolboxes. The 

simulated results are validated with test results on a developed prototype to demonstrate 

the effectiveness of the VFC for the control of IAG feeding three-phase three-wire/four-

wire consumer loads with the neutral current compensation. 
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