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Abstract: This paper presents a new method to supply single-phase loads 
using a three-phase induction generator (IG). The voltage and frequency 

regulation, as well as the phase IG phase balancing is ensured by a 

combination between a voltage source inverter (VSI) and a dump load (DL). 

Operating at constant frequency, the VSI keeps the system frequency also 

constant and deals with unbalances compensation, while the DL performs the 

voltage regulation. Through simulations and experiments the reliability of 

such a configuration is tested. 
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1. Introduction 
 

The rapid depletion and enhanced costs 

of conventional fuels, combined with 

growing concerns about the environment, 

have led to an important technical progress 

in the field of renewable energy systems. 

For autonomous micro hydro power plants 

(MHPP), the induction generator (IG) is 

more suitable then the synchronous one in 

terms of robustness, low maintenance and 

capital cost. In rural and isolated places 

with installed powers bellow 10 kW 

single-phase consumers are predominant. 

As three-phase induction machines are 
available in a wide power range, their use 

for supplying single-phase consumers is of 

real interest [1], [2], [5-6], [8], [10]. In this 

regime, the autonomous IG control requires 

also phase balancing, besides voltage and 

frequency regulation. 

In this paper, a voltage source inverter 

(VSI) and dump load (DL) combination is 

used to ensure the balanced operation and 

parameters regulation of an autonomous 

three-phase IG when supplying unbalanced 

loads. 

 

2. System Configuration 

 
The circuit diagram of the proposed 

topology, depicted in Figure 1, contains the 

three-phase IG, a capacitor bank, the 

single-phase loads and the control part 

(VSI+DL). The excitation capacitors supply 

almost the entire reactive power necessary 

for the IG self-excitation process; they also 

sustain the rated voltage in steady-state 
regime. The voltage source inverter (VSI) 

operates at constant synchronous frequency 

(fn = 50 Hz), maintaining the IG frequency 

constant. The dump load (DL) connected 

to the VSI DC side will be controlled so 

that the voltage across the CDC capacitor 

remains at a constant level, maintaining the 

system voltage in a standard variation 
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range, like in [3]. The amount of power 

delivered to the DL is controlled by 

modifying the PWM duty cycle that drives 

the TD transistor. 

As the loads are connected between two 

phases, the IG currents become unbalanced. 

A supplementary function, added to the 

VSI command algorithm, will balance 

them back. The unbalances compensator 

will redistribute the currents through the 

VSI in order to obtain balanced currents at 

the IG leads [4]. 

 

  
 

Fig. 1. Circuit diagram of the studied topology 

 
3. The Control System 

 
The VSI is a three-phase PWM inverter 

with six transistors. Its control requires the 

generation of six PWM pulses, which drive 

the transistor bridge. The VSI operates at 

constant synchronous frequency (fn = 50 Hz), 

maintaining the IG frequency constant, 

excepting the start-up [3]. 

In order to achieve balanced currents at 

the IG leads the VSI performs as an 

unbalance compensator according to the 

load. As the loads are varying randomly, 

the VSI control must quickly adapt to 

maintain the IG balance currents.  

The unbalance compensation control 

scheme id depicted in Figure 2. The A 

phase current is considered as reference and 

the B and C current references are obtained 

by lagging the A current with 120 and 240 

degrees. The unbalance compensation control 

scheme contains two stationary-frame 

regulators called Proportional-Resonant (PR) 

controllers, which are based on stationary-

frame generalized integrators. These 

regulators report very good performances, 

actually achieving the same transient and 

steady-state performance as a classical 

synchronous-frame PI regulator [9], [11]. 

As the frequency is kept constant by the 

VSI, the system’s power balance is 
reduced to the DC capacitor voltage 

control. The dump load connected to the 

VSI DC side will be controlled so that the 

voltage across the CDC capacitor remains at 

a constant level, maintaining the system 

voltage in a standard variation range. 

Thus, the difference between the power 

delivered by the IG and the loads demand 

will circulate through the VSI towards the 

CDC capacitor, which acts as a short-time 

energy storage element. The DC voltage 

variation ratio depends on the capacitance 

value and on the amount of power transferred 
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Fig. 2. The unbalances compensation scheme 

 
transferred from the IG towards the 

capacitor. The capacitor value plays a very 

important role during transitory regimes, 
when it has to handle large amounts of 

energy (in or out). Large capacitors ensure 

low voltage drops across the IG lines when 

dynamic loads (as induction motors) are 

connected to the system [7]. Likewise, for 

unbalanced loads asymmetrical currents 

will flow through the inverter lines, 

producing voltage variations on the CDC 

capacitor [3]. 

Two PI controllers are used to regulate the 

system voltage, as shown in Figure 3. The 

first PI controller is the leading voltage 

regulator. It compensates the voltage drops 

across the inverter arms and filter, IG 

leakage impedances, and other circuit 
elements, which usually led to a decrease of 

the IG voltage. The IG root-mean-square 

(RMS) voltage (VAB) is the feedback signal, 

it is compared with the 230 V reference 

signal (VREF), and the error feeds the PI 

controller, giving the reference signal (VDCref) 

for the second controller. The second PI is 

used to maintain constant the CDC voltage. 

The allowed voltage variation (ripple) 

across CDC capacitor (∆VDC) will give the 

frequency and the width of the pulses that 

drive the Td transistor from the dump load.  
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Fig. 3. The DL control strategy 

 
4. Simulations and Experimental Results  

 
The reliability of the proposed control 

topology is tested through a series of 

simulations and experiments. The simulations 

were made under the Matlab/Simulink 

environment. The configuration includes a 

2.2 kW IG, a block that models the prime 

mover (hydraulic turbine), the VSI and 

DL, an adequate capacitor bank, loads and 

measurement blocks. The experimental 

setup consists in a 2.2 kW three phase 

induction generator, driven by a 3 kW 

induction motor which emulates a 

hydraulic turbine (with the use of a DS1102 

system from dSPACE). The VSI is actually 
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an industrial converter, connected to the 

IG leads through a filter with R = 0.1 Ω 

and L = 6.5 mH. On the converter DC side 

there are two 4700 µF capacitors connected 

in series. The DL circuit consists in an IGBT 

transistor and a 155 Ω dumping resistance. 

Data acquisition and system command is 

ensured by a dSPACE 1103 control board. 
 

4.1. Simulation Results 
 

The IG is connected in ∆, thus its line 

voltage will be 230 V. Initially, the generator 

produces around 1300 W; this power flows 

through the VSI towards the DL. Then, a 

600 W single-phase load is connected 

between two phases. When this thing occurs, 

at t = 2.5 s, the unbalances compensator is 

disabled. At t = 3.5 s the unbalances 

compensator is enabled. In approximately 

1 second, the IG currents become balanced 

(around 6.5 A each). The RMS IG currents 

variation is depicted in Figure 4.  
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Fig. 4. The IG currents without (upper) 

and with (lower) unbalances compensator 
 

The unbalances compensation consists in 

redistributing the currents through the VSI. 

Before the single phase load connection, 

the power produced by the generator flows 

through the VSI towards the DL circuit. 

After the load is connected, the VSI 
currents also become unbalanced, as can 

be seen in Figure 5. The unbalances 

compensator will redistribute the currents 

through the VSI in order to obtain 

balanced currents at the IG leads, as results 

from Figure 6. 
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Fig. 5. The IG RMS currents 
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Fig. 6. The VSI RMS currents 

 
4.2. Experimental Results 

 
The same operating conditions as in the 

previous paragraph are applied to the 

experimental setup. After the load connection, 

the IG currents become unbalanced, as can 

be seen in Figure 7. The A phase current 

will settle at 6.5 A, the B phase current at 

5.8 A and the C phase one at 6 A. The 

unbalances compensator activation leads to 

phase balancing, bringing all three currents 

to 6.25 A. The unbalanced VSI currents 

modify also, in order to ensure balanced 

currents at the IG leads, as results from 

Figure. 8. In Figures 9-10 are depicted the 

IG currents waveforms before and after the 

unbalances compensator activation. 
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Fig. 7. The IG RMS currents 

 
 

Fig. 8. The VSI RMS currents 

  

 
 

Fig. 9. The IG currents without unbalances 

compensator 

 
 

Fig. 10. The IG currents with unbalances 

compensator 

 
5. Conclusions  

 
This paper investigates the operation of 

an autonomous three-phase induction 

generator when supplying single-phase 

loads. The proposed control strategy 

employs a combination between a VSI and 

DL. Both simulations and experimental 

results have shown that the proposed 

control structure is effective, ensuring a 

balanced operation for the IG. 
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