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Abstract: This paper presents a economic technique to supply single phase power from three 

phase Self-Excited Induction Generator (SEIG) using series and shunt capacitances.  For large 

single phase power requirement in hilly or remote areas it is necessary to use single phase 

extension instead of three-phase extension from economic point of view.  Experimental method 

is used to find out the minimum values of series and shunt capacitance.  Steady state analysis of 

the induction generator under different loading conditions is carried out.  The result shows that 

under proposed scheme three phase SEIG can deliver single phase power upto 84% of its rated 

value.  Experimental results are obtained on a 3-phase, 440 V, 1.5 kW induction machine 

coupled with 220 V, 12 amp, 3 kW dc motor to confirm the feasibility and effectiveness of the 

proposed approach. 
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1.  Introduction 
 

Electric power has a significant role and of 

vital importance in the developmental 

process of a country.  Electric power must 

be available to each and every consumer 

irrespective of his location.  For supplying 

energy to remote areas renewable energy 

resources or locally available energy sources 

may be used. Induction machines  working 

as self excited induction generator (SEIG) 

could be the good choice to utilize locally 

available energy resources[1,2,3].  Self 

excitation could be done by connecting 

capacitors across the phases of induction 

machines [4,5,6].   

Three phase induction generators can be 

used to give supply for single phase loads 

[7,8,9,10]. Need of operating three-phase 

SEIG for supplying single-phase load arises 

in the following situations; (i) when the cost 

of bringing three-phase power to the location 

is high because of the construction costs of 

the required length of three-phase extension, 

(ii) when large rated SEIG is needed to 

power single-phase loads, and (iii) when the 

single-phase SEIG has higher cost than the 

equivalent sized three-phase SEIG. 

The single-phase power generation 

using three-phase SEIG is achieved by 

balanced operation of the three-phase SEIG. 

For this purpose the combined reactance of 

load compensation elements and excitation 

capacitances need to be varied with load.  

This requires a continuous variation of 

capacitances which is a little difficult task.  

To overcome this difficulty Series Shunt 

Capacitor Excitation Scheme could be used 

which gives the balanced operation with 

fixed capacitances over a large range of  

rated load.  
 

2. Operation Schemes 
 

To obtain single phase power from three 

phase SEIG, two operation schemes could 

be adopted. 
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2.1    Balanced Operation Scheme 
 

A single-phase load is converted into 

balanced three-phase load by load 

compensation.  The load compensation 

involves two steps: (a) load balancing and 

(b) power factor correction.  The excitation 

capacitance required for exciting the SEIG at 

no-load, when combined with the elements 

of load compensation, gives a resultant 

variable term, which could be either 

inductive or capacitive, depending upon the 

load. 

 

2.2 Partial Balanced Scheme 
 

In the balanced operation scheme, the 

susceptances connected across the three-

phases are to be varied continuously with 

load.  Therefore perfect balancing is not 

economical.  A partial balancing scheme 

may be used as a compromise by removing 

the inductive reactance portion of the 

excitation balancing network and fixing the 

capacitance of  a suitable value.  Induction 

machines are very sensitive to voltage 

unbalance.  Even moderate values of voltage 

unbalance causes severe current unbalance, 

which  increases the total copper loss.  As a 

result, the machine must be derated.  In the 

present work, a new excitation configuration 

containing  two capacitors, one across a 

phase and the other in series of load, is 

proposed.  

3. Shunt and Series Capacitance 

Excitation Scheme 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1(a,b) Shunt and Series Excitation of Three 

Phase SEIG Feeding Single Phase Load 

 

Fig. 1 shows a circuit diagram of three-phase 

SEIG having connected a shunt capacitor 

Cbsh, having capacitive reactance Zbsh, across 

line b-c and feeding a single-phase load 

through a series capacitor Cse having 

capacitive reactance Zse. 

The terminal constraints of this circuit are: 
 

Vsa + Vsb + Vsc = 0                                  …(1) 

VL = Vsa - ILZse                                        …(2) 

IL + Isa - Isc = 0                                          ...(3) 

Ibsh + Isb - Isc = 0                                       …(4) 

Vsb = Ibsh.Zbsh                                                                      ...(5) 

 

where,  

 Ybsh = jωCbsh 

Using symmetrical component theory, we 

have 

 Vsa = V0 + V+ + V- 

 Vsb = V0 + a
2
 V+ + aV- 

 Vsc = V0 + a V+ + a
2
 V-        …(6)  

 

And 

 Isa = V0 Y0+ V+ Y++ V- Y- 

 Isb = V0 Y0+ a
2
 V+ Y++ a V-Y- 

 Isc = V0 Y0+ a V+ Y++ a
2
 V-Y-  …(7) 

 

So we can get using above equations: 

 V0 = (Vsa + Vsb + Vsc)/3 = 0      …(8)  

 

Using Eq. (3) in Eq. (2) we have 

 

 VL = Vsa + (Isa - Isc)Zse               …(9) 

 

substituting symmetrical components for the 

phase voltages and currents from eqns. (6) 

and (7), we get 

 

 VL = K1V+ + K2V-                   …(10) 

 

where 

 K1 = 1 + (1-a)Y+.Zse                         …(11)  

and  

 K2 = 1 + (1-a
2
)Y-.Zse               …(12) 

 

Eliminating Ibsh from Eqns. (4) and (5) and 

substituting symmetrical components for the 

phase voltages and currents from enqn (6) 

and (7), we get 

 

 K3V+ = K4V-                           …(13) 

IL 

Prime 

Mover Isa 

Isb 

Isc 

Cs

e 
VL Vsa 

Vsb 

Vsc 

ZL Z VL 

ZL 

(b) 

(a) 
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where, 

 K3 = a
2
/Zbsh + (a

2
-a)Y+            …(14) 

and 

 K4 = -a/Zbsh + (a
2
-a)Y-             …(15) 

 

Substituting V- from Eq. (13) in Eq. (10), we 

get 

 

 VL = [(K1K4 + K2K3)/K4]V+   …(16) 

 

Substituting symmetrical components for the 

phase currents in equn (3) from equn. (7), 

we have 

 

 IL = -K5V+ - K6V-                    …(17) 

where, 

  K5 = (1-a)Y+                            …(18) 

and 

 K6 = (1-a
2
)Y-                           …(19) 

 

Substituting V- from Eq. (13) in Eq. (17), we 

get 

 IL = -[(K4K5 + K3K6)/K4]V+   …(20) 

 

Dividing Eq. (16) by Eq. (20) 

VL/IL = - (K1K4 + K2K3)/(K4K5 + K3K6) 

 

or  

VL/IL = -Z                                              …(21) 

where 

 Z = (K1K4 + K2K3)/(K4K5 + K3K6) 

 

Eq. (21) describes that, for a given values of 

shunt capacitance Cbsh, series capacitance Cse 

and prime mover speed, the three-phase 

SEIG viewed from the single-phase load 

terminal can be represented by a single-

phase circuit shown in Figure 1b. 

 

The loop equation of Fig. 1b is written as 

(ZL + Z) IL = 0                                       …(22) 

 

where, ZL = RL + jFXL is the load impedance 

and F is the p.u. frequency. 

 

 Under steady state condition IL 

cannot be equal to zero, hence  

 Z + ZL = 0                               …(23) 

 
Now Eq. (23) can be solved for Cse for 

various values of Cbsh and ZL by using any 

numerical technique. 

 

 

4.  Results and Discussion 
 
In the results presented here, predicted 

characteristics are shown by solid curves and 

experimental results are shown by points.  

At first, the selections of shunt and series 

capacitance are investigated.  Once the 

values of capacitor elements are chosen, the 

steady state performance of the system is 

predicted. Finally, the effect of series 

capacitance on the voltage regulation, 

current and voltage in the phase windings of 

the three-phase SEIG delivering safe output 

power are investigated. 
 

4.1 Selection of Shunt Capacitor 
 

The shunt capacitor connected across the 

phase b-c supplies the exciting current for 

no-load excitation of the machine.  Thus, the 

suitable value of shunt capacitor Cbsh is 

selected first by studying the variation of no 

load terminal voltage with Cbsh.   

Fig. 2 Variation of no load excitation voltage 

with shunt capacitor in shunt and series 

method of excitation 

 

Fig. (2) shows the variation of no-load 

terminal voltage with Cbsh when the machine 

is driven to a speed of 1.05 p.u.  The 

terminal voltage increases with Cbsh and the 

rate of the increment in the voltage is 

reduced at higher voltage levels where the 

machine enters higher level of saturation.  

 The value of Cbsh that gives the no-load 

terminal voltage of 1.0 p.u. is selected as 

shunt capacitance and it is 35 µf. 
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4.2  Selection of Series Capacitor 

At no-load condition, there is no current 

through Cse and only Cbsh is effective in the 

circuit.  But both Cbsh and Cse are effective 
when load is being supplied.  Thus, the 

operating constraints such as full load 

voltage regulation, voltage unbalance factor, 

and power output capacity of the machine 

are taken into account for selecting the 

optimum value of the capacitance Cse. 

 The effect of Cse on the machine 

terminal voltage, voltage and current 

unbalance factors when machine is operating 

at rated load condition are depicted in Figs. 

(3a,b,c,d).  
 

 

 

 

 

 

 

It is observed that the voltage regulation, 

voltage and current unbalanced factors are 

very sensitive to the capacitance value of 

series capacitor Cse. Fig. (3a) shows that the 

voltage regulation, which is defined as the 

percentage change in the load voltage as the 

generator delivers power from zero to rated 

value, is minimum for the Cse value of 120 

µf.  The voltage regulation should be 

restricted in permissible limits, say ±6%.  

The voltage and current unbalanced factors, 

defined by ratio of negative sequence 

component to its positive sequence 

component, are minimum for the value of 

Cse between 110 µf to 120 µf.  Since the 

current unbalanced factor is the indication of 

negative sequence component flowing in the 

machine, the higher value of current 

unbalance causes more copper loss in the 

machine.  Hence, the series capacitance 

should be selected in the range of 110 µf to 

120 µf with view to limit the temperature 

rise of the machine.   

 The results depicted in Figs. (3a,b,c,d) 

show that there is no significant change in 

winding currents for the values of Cse above 

120 µf and the machine terminal voltage 

rises above 1.06 p.u., the permissible limit, 

for the value of Cse below 120 µf.  

Therefore, the value of the series capacitor is 

selected as 120 µf in view of the minimum 

voltage regulation and minimum loss factor. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results depicted in Figs. (3a,b,c,d) show 

that there is no significant change in winding 

currents for the values of Cse above 120 µf 

and the machine terminal voltage rises above 

1.06 p.u., the permissible limit, for the value 

of Cse below 120 µf.  Therefore, the value of 

the series capacitor is selected as 120 µf in 

view of the minimum voltage regulation and 
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Fig. 3c Effect of series capacitance on phase voltage 

and current of phase B 
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minimum loss factor. 

 

4.3  Performance Characteristics 
 

Having identified the optimum value of 

series capacitance, it is considered important 

to know how best is this selection in respect 

of the other relevant performance indices of 

the machine.  One of the main criteria to be 

considered is that the machine should deliver 

the maximum safe power at the desired 

voltage level without exceeding the 

electrical and magnetic loading of the 

machine.  The frequency of the supply 

should also not fall below the minimum 

permissible value.  Fig. (4a,b,c) displays the 

variation of machine performance such as 

load terminal voltage (VL), per unit 

frequency (F), loss factor (floss), voltage 

unbalance factor (VUF), and winding 

voltages and currents with power output. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is observed from Fig. (4a) that it is 

possible to obtain almost a flat load 

characteristics with excellent voltage 

regulation.  The load terminal voltage is 1.03 

p.u. at rated power output.  The loss factor 

initially decreases with load and then 

increases, reaching rated value (1 p.u.) at 

rated power output.  The frequency of 

generation also changes from 1.05 p.u. to 

1.01 p.u. when the generator is loaded from 

no load to rated power.  However, at the 

rated power output, the current flowing 

through phase b and phase c winding are 

higher than the rated current of the machine. 

 The unbalance condition prevailing in the 

system is responsible for flowing of more 

than rated current in the phase b and c.  This 

condition results in localized heating of the 

windings thereby necessitating derating of 

the SEIG.  Fig. (4c) shows that the machine 

is required to derate to 0.84 p.u. of its rated 

power in order to restrict the phase currents 

with in the rated value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.  Summary and Conclusion 
 

The investigation has been performed to 

supply single-phase power from a three-

phase SEIG for remote areas.  In order to get 

single-phase power from three-phase SEIG, 

partially balanced operation scheme is used.  

The Shunt and Series capacitor 

configuration results in self voltage 

regulating feature of the system.  Machine 

operates in more balanced conditions at 

higher loads.  Selection of the capacitors for 

shunt and series capacitor excitation reveals 

that the value of the series capacitance is 

approximately three times the shunt 
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capacitance.  The safe power output that a 

three-phase SEIG can deliver to the single-

phase load is approximately 84 percent of its 

rated capacity. 

The Shunt and Series capacitor 

excitation has a better performance due to 

the following reasons. 

 

(i) The flat load characteristics shows 

that the one shunt and one series 

capacitor configuration offers high 

overload capability.  Hence the 

system is more stable at overloads. 

(ii) The loss factor remains with in 

reasonable limits throughout its 

operating range, i.e. from no load to 

rated load conditions.  Thus, this 

configuration is suitable for both 

constant and variable power output 

applications. 

 

So it can be concluded that a three-phase 

SEIG can supply single-phase power for 

remote areas, if situation demanded with 

Shunt and Series capacitor excitation 

scheme. 
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Nomenclature 
 

Vsa, Vsb, Vsc –  Phase voltages of phases 

a,b & c 

Isa, Isb, Isc –  Phase currents of phases 

a,b & c 

Cs, Csh  –  Series and shunt 

capacitances 

VL, IL   –  Load voltage and 

current 

ZL   –  Load impedance 

Y   –  Admittance 

V0, V+, V- –  Zero, positive and 

negative sequence 

voltages 

K   –  Various constants 

F   –  Per unit 

Frequency 
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