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Abstract-This paper describe, how single phase induction motor work as single phase induction generator? Such generator 
may be commonly used in the remote rural area, where it is not possible to draw electricity from transmission line. This 
machine can be used to meet the local demand of remote area in the absence of grid. The system is suitable for microhydel 
power plant and wind energy system. The generator has two specially designed winding in quadrature and capacitor is 
connected across the main winding as well as auxiliary winding for excitation. Special features, advantages, theoretical 
concept and experimental analysis of the system are highlighted in this paper. 
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I. INTRODUCTION 
 
Today energy consumption has been increasing due 
to population growth, economic and industrial 
development. The energy supply is less than our 
increasing demand, so continues to face serious 
energy shortage problem such as load shedding which 
mainly affect rural area. To overcome this energy 
problem, we have to look towards non-conventional 
energy source like wind, micro hydro plant etc. With 
increased emphasis on non-conventional energy 
system and autonomous power generation, 
development of improved and appropriate generating 
system is needed. The three phase self-excited 
induction generator has the ability because of its 
specific advantages such as ability to generate power 
at varying speed. But these units may be applicable 
for power range upto100 KW, whereas for small 
portable unit we need single phase self-excited 
induction generator upto a power of 10 to 20 KW. 
Such generators may be commonly used in the 
remote areas where it is not possible to draw from 
transmission line. This machine can be used to meet 
the local-demand of remote areas in the absence of a 
grid. When single phase self-excited induction motor 
forced to run at slightly faster than the synchronous 
speed it generate active power and work as a single 
phase self-excited induction generator. Prime mover 
provide mechanical torque on the motor shaft and 
self-excitation capacitor provide a reasonable amount 
of reactive power to establish the magnetic field 
necessary to convert the mechanical power from its 
shaft into electrical power. By selecting proper value 
of prime mover torque and excitation capacitor we 
can generate rated terminal voltage.[1-2] 
 
II. BASIC CONCEPT 
 
A single phase induction motor can operate as a 
single phase induction generator provided that there 
is residual magnetism present in the rotor and proper 

reactive power is supplied to it. The required reactive 
power is supplied by connecting capacitor of proper 
value to the motor terminal. For any given load, there 
is maximum and a minimum value of capacitor which 
can excite the generator. Any capacitor beyond these 
two extremes cannot excite the generator. When an 
induction motor is connected to supply, it draws 
lagging current and the rotating magnetic field in the 
air gap induces emf in the rotor bars causing rotor 
current. The rotor current lags the air gap voltage. 
When the speed of the rotor is increased up to 
synchronous speed by external prime mover, the rotor 
current become zero. If the rotor speed is increased 
beyond synchronous speed, the direction of induced 
emf and current in the rotor changes. Stator current 
also changes its direction and motor act as generator. 
Stator current has active and reactive components and 
the reactive component is either supplied by 
connecting capacitors to generator terminal or from 
the supply system.[2] 
 

 
Fig.1. Block Diagram 

 
III. SYSTEM CONFIGURATION 
 
A schematic block diagram of the Single Phase Self-
Excited Induction Generator is shown in below Fig.1. 
It consist of a single phase squirrel cage induction 
motor working as induction generator with main and 
auxiliary winding which is driven by a constant 
power prime mover. The excitation capacitor bank is 
connected across the main and auxiliary windings 
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which have a fixed Value to result in rated terminal 
voltage at rated load. 
The coupling scheme was evolved after a series 
experimental investigations coupled with DC motor 
with variable speed arrangement for generation, load 
analysis. One can adopt various methods for variable 
speed arrangement. It is convenient to couple with 
DC motor in lab because it provides smooth speed 
variation below and above rated speed as 
requirement.[3] 
 

 
Fig.2. SEIG coupled to dc motor 

 
IV. MINIMUM VALUE OF EXCITATION 
CAPACITANCE 
 
Minimum value of capacitance required for 
excitation[4] 
Xc=1/2πfc        …(1) 
Xc=Vp/Ip           … .. (2) 
Equating above equations (1) & (2) 
Cmin.= 1/2πfVp 
Cmin=9/(2*π*50*230) 
Cmin = 124.55µF  
 
V. EXPERIMENTAL ANALYSIS 
 
Experimental analysis is done on 4-pole,1.5HP single 
phase capacitor start capacitor run induction motor. 
Dc motor is connected in field control method which 
is coupled with single phase induction motor for 
controlling speed.  The suitable value of excitation 
capacitor connected across the main and auxiliary 
winding. The output power is extracted from main 
winding terminals. The experimental analysis is done 
for fixed value of excitation capacitor and different 
value of speed as well as fixed speed and various 
value of excitation capacitor. From above analysis, no 
load terminal voltages vary with speed of the motor. 
Output terminal voltage is also proportional to 
excitation capacitor provided that minimum 
excitation capacitor value and maximum excitation 
capacitor value beyond these two extreme generators 
cannot excite.[5] 
 
V.(A) Main winding loaded & auxiliary winding 
open circuit 
When generator loaded with purely resistive load 
(Lamp Bank) i.e. load is connected across main 
winding and auxiliary winding kept open and 

readings are noted. Circuit diagram is as shown in fig. 
below. 

 
Fig.3. Main winding loaded and auxiliary winding open circuit 
 

Table-1 
Result of main winding loaded and auxiliary winding open 

circuit 

 
 
V.(B)Auxiliary winding loaded and main winding 
kept open circuit 
Load is connected across auxiliary winding and main 
winding kept open and readings are noted. Circuit 
diagram is shown in fig below. 

 

 
Fig.4. Auxiliary winding loaded and main winding open 

 
Table-2 

Result of auxiliary winding loaded and main winding open 
circuit 
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V.(C) Main winding and auxiliary winding loaded 
 
Pure resistive load is connected across both main and 
auxiliary winding and readings are noted. Circuit 
diagram is shown in fig. below. 
 

 
Fig.5. Both main and auxiliary winding loaded 
 

Table-3 
Result of both main and auxiliary winding loaded 

 
 
RESULT ANALYSIS 
 
For fixed value of capacitor excitation, the voltage 
levels were monitored at different speeds. As below 
graphs shows that the voltage level goes on 
decreasing with increment of load (Resistive only). 
The value of capacitor used for above analysis is 
135µF across the main winding and 50µF across 
auxiliary winding. However above the 150µF across 
the main winding will not generate any output 
voltage. As shown above tables for different cases 
result were analyzed.  
 
Case-1: Main winding loaded and auxiliary winding 
open circuit 

 
Fig.6. Load Vs. Load current 

 
Fig.7. Load Vs. Voltage 

j 
Fig.8.Voltage Vs. Speed 

 
Fig.9. Load Vs. Speed 

 
Case-2: Auxiliary winding loaded and main winding 
open circuit 

 
Fig.10. Load Vs. Current 

 
Fig.11. Load Vs. Voltage 
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Case-3: Both auxiliary winding and main winding 
loaded 
 

 
Fig.12 Load Vs. Load current 

 

 
Fig.13 Load Vs. Voltage 

 

Fig.14 Speed Vs. Voltage 
 

 
Fig.15. Load Vs. Speed 

From above results 
1. Minimum value of capacitance for 1.5HP 
Motor determined, below (124.55µF) this value of 
capacitance Motor does not work as a Generator. 
2. With minimum 1258 rpm Induction Motor 
acts as Induction Generator with suitable value of 
excitation capacitance. 
3. If main winding excited with maximum and 
auxiliary winding excited with minimum excitation 
then, no-load voltage across main winding is less than 
the no-load voltage across auxiliary winding. As load 
increases voltage across both the winding decreases. 
4. The charging current of main winding is 
greater than charging current of auxiliary winding, 
the value of charging current decreases as load 
increases. 
 
CONCLUSION 

 
Current shortage of electrical power can be met to 
some extent by developing small generating unit on 
small water falls or small water flows, low power 
wind in decentralized mode to feed power to remotely 
located population through-out the year. These pico-
generating units are less expensive can be afforded by 
individuals.  
It has some specific positive features such as cheap, 
easy to fabricate, reliable, brushless, maintenance free 
etc. Individual will develop such small unit to meet 
certain low power demand. 
The main issue observed that during loading 
condition heating of induction generator increases as 
time passes. To overcome this problem specially 
designed induction generator is required. 
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I. LIST OF SYMBOL 
Xc=Total capacitive reactance 
Cmin=Minimum value of capacitor 
Vp=Phase voltage 
Ip=Phase current 
IW= Winding current 
IC= Charging current 
IL=Load current 
Va=Voltage across auxiliary winding 
Vm=Voltage across main winding 
Ca=Capacitor across auxiliary winding 
Cm=Capacitor across main winding 
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Fig.16.Photograph of the developed SEIG 

 
 
 

 


