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I.INTRODUCTION 

Presently Induction generator is used either at 

super synchronous speed as in grid connected 

units or at or near synchronous speed as for 

SEIG
 
[7,8,9]. It was thought that a new concept 

is necessary for generation by induction 

machine at low speeds for wind application. 

This is because wind energy is available 

generally intermittently and with small force 

specifically for household units. So it was 

thought worthwhile to investigate an induction 

generator working on the principle of ac 

tachogenerator. Such machine till now has been 

used as a measurement device and not for power 

generation. The Literature survey also did not 

reveal such usage of induction generator. One 

possible difficulty in its use could be that an 

induction machine with two windings as in 

tachogenerator and having excitation on one 

winding may go into unstable motoring mode 

with a starting torque impulse. But it can be 

prevented as in ac servomotor by increasing 

rotor resistance. Moreover use of this concept 

can lead to additional advantages. Simple 

operating principal like a dc generator with 

similarity of creating quadrature flux but the 

dissimilarity of the flux being ac resulting in 

possibly of getting output voltage by 

transformer action with no requirement of 

brushes and commutator so less maintenance is 

required. Small excitation is required but it fixes 

the output frequency being the same as 

excitation. Generation is possible for any speed 

larger than zero. This advantage is important for 

household unit where small wind speeds can be 

expected. Effectively the range of speed for 

generating action is also large compared to grid 

connected three phase induction generator.    

Suitability for household wind generation as 

only single phase excitation is required. This 

idea is novel and sincere  efforts are taken to 

combine the principles of operation of induction 

machine with external excitation, D.C. generator 

and servo type design avoiding single phasing 

and generating for any speed above zero. 

II. BASIC PRINCIPLE OF NEW CONCEPT 

OF WORKING OF SINGLE PHASE 

GENERATOR 

The basic principle of working of the proposed 

machine is that the o/p voltage is generated for 

any speed > 0 and it increases with  increasing 

rotor speed and frequency of output is the same 

as input frequency as in AC tachogenerator.          

                                               

Fig. 1.1 Schematic Diagram 

Two windings are mounted at right angle to 

each other i.e. in space quadrature. Rotor is 
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squirrel cage i.e. bars with end rings creating a 

short-circuited secondary winding. Resistance of 

rotor winding is taken high so that X/R is small. 

Due to this Zero speed onward generating action 

takes place and single phase motoring action is 

eliminated. Most of the literature on induction 

generators reports generation at high or super 

synchronous speeds making it useless for small 

scale household generation where wind speeds 

are low. When i/p is given to reference winding 

the magnetic field produced along its axis can be 

represented as equivalent to two fields of same 

magnitude and rotating in clockwise and 

anticlockwise directions. So the 

torque produced is zero at standstill condition 

where the torque of each component is equal 

and opposite. For any other speed (given by 

driving torque) the resultant torque due to the 

two components is nonzero and is negative due 

to x/R ratio of the rotor kept smaller than 

1(generating action). It is balanced against the 

driving torque giving steady speed.   A simple 

explanation of the operation below followed by 

design of generator. Alternating flux Φin = Φm 

sinwt  is produced due to current carried by 

reference or input coil which is excited with ac 

voltage of frequency w radian/sec. When rotor is  

rotated with speed N rpm,  voltage is induced in 

rotor bars (Vgrb) under each half of  the 

reference/ input winding i. e in the single turn 

rotor coil with its axis  along the  quadrature 

axis.  Directions of current in rotor bars under 

the two halves are opposite as linear speeds are 

in opposite directions. They form a single coil 

carrying the current and creating flux in 

quadrature. The operation of ac tacho generator 

is similar to a dc tacho generator because the   

excitation flux and the generated rotor flux are 

at quadrature in space in both. The magnitudes 

of the voltages generated in the rotors of both 

are proportional to speed. However the fluxes 

being ac in the ac tachogenerator no brushes are 

required to obtain output but the output voltage 

due to the generated quadrature flux can be 

taken from stator by transformer action. 

III. .DESIGN OF GENERATOR 

 Choice of prototype machine 

Material for stampings  : CRGO 

Diameter (OD) of stator   :10.5 cm 

Length of stator was chosen as 

Ls (four times of trial machine) 

: 40 cm 

Length of air gap kept Lg          : 0.055 cm 

Diameter of rotor Dr   :6.29 cm 

  Number of stator slots         : 24 

  Stator slot pitch SSP   :0 .15 cm 

Crossectional area of  rotor 

slot   

:0.12 cm
2
 

rotor bar material      : Brass 

Design is done in Window’s Excel sheet. 

The input flux density B is taken as reference 

vector   with arbitrary magnitude and phase 

angle zero 

Parameters considered for optimizing the 

output in the excel design sheet are 

i) The Input winding & Output winding turns 

ii) Rotor winding resistance 

iii) Frequency of reference input 

iv) Capacitance across the output winding  

The density of the excitation flux is adjusted so 

as to obtain output voltage of the specified value 

required for charging a 12 volts battery. Out of 

the 24 slots in the stampings 8 and 16 slots are 

used for input winding and output winding 

respectively. Those are at quadrature in space. 

Total turns accommodated in these slots are 

136(68+68) with 34 conductors in a slot for 

input winding and 400(200+200) with 50 

conductors in a slot for output winding.  

Resistances of these windings are 6.0 ohm and 

12 ohm respectively.  

Rotor is squirrel cage. Rotor bar resistance is 

0.0064ohm. The resistance of the single turn 

rotor winding of the cage rotor around   direct 

and quadrature axes are 0.0032 and 0.0016 ohm 
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respectively. The material of the rotor bars was chosen (Brass) for required rotor 

resistance. 

The machine thus designed was fabricated  

V. EXPERIMENTAL OBSERVATIONS 

As the optimizing frequency happens to be not 

equal to 50 Hz, the excitation voltage needs to 

be generated. A low frequency generator from 

laboratory is used for this purpose. Electrical 

motor is used to drive the generator for 

laboratory experiments.  The linear wind speeds 

required to create rotational speeds of the 

following table are in the range of 2.5m/s to 

5m/s for the chosen fan of diameter 2ft and this 

small generator of dia. 6.29cm  and length 40cm    

The capacitor Ci  across the input winding is 

chosen practically for  good sinusoidal form of 

Vin across the input winding.   Capacitor 

connected across i/p winding Ci=1100 microF, 

Capacitor connected across o/p winding Co= 

122 microF Observations taken on this system 

with no load on output are given below 

Table No I. Observations for open loop 

system 

Speed 

In 

rpm 

Freq 

In 

Hz 

Idc 

Amp 

Vinp 

Volt 

Vop 

Volt 

Angle 

between 

Vin & Vo 

1150  18.5  0.7  7.0  9.0  72  

1350  19.2  0.7  7.0  10  108  

1500  20  0.7  7.0  11  72  

1600  22.7  0.7  7.0  15  98  

1700  23.7  0.7  7.0  16.5  98  

Where,  

Vip  = Peak input/Excitation voltage voltage  

Vcc = Battery voltage required for amplifier 

Freq = Input frequency 

Idc = Excitation current  

Vop = Peak output voltage 

Waveforms are observed and they are good. The 

observations tallied well with the corresponding 

variables of design sheet. The system 

performance was enhanced further by giving 

current feedback. The feedback design could not 

be done in excel sheet as the software cannot do 

circular computation. So feedback design was 

done by practical trials. It was then verified by 

MATLAB simulation. 

Again feedback capacitor Cf was chosen 

practically to maximize output voltage. This Cf  

is 50 microF (100+100 microF in series)The 

results of experimentation for feedback and 

loading  (6V battery) and the waveforms are 

given below. 

Table No II. Observations for feedback and 

Loading 6 V battery 

Speed  

In 

rpm  

Freq  

In Hz  

Idc  Vinp  Vop  Ifb  

950  16.5  0.7  6.0  11.5 0.085  

1150  17.8  0.7  6.0  13  0.11  

1350  18.6  0.7  6.0  16  0.125  

1500  19.47  0.7  6.0  18  0.13  

Where,  

Vcf =Peak voltage across capacitor,  

If =feedback current    

IL =load current 

It is observed from above mentioned readings 

and waveforms that output increases with  speed 

more than proportionately and results are 

matching with excel sheet design results. In 

closed loop circuit the feedback capacitor was 

chosen to give maximum output voltage. As it 

was expected the output voltage is larger in this 

case. Waveform across (Vcf and Vo) and (Vcf and 

Vin ) were observed in order to measure relative 

phase angles. Both the pair have common point 

as earthling point of Digital Stroage 

Oscilloscope. So one from each pair is taken as 

negative while calculating phase difference 

between Vo and Vin as shown in Table II. 

VIII.MODIFICATION IN MACHINE 

To improve the performance of the machine 

rotor resistance has been changed. Aluminium 

bars instead of brass were used for decreasing 

three times the rotor resistance. Machine 
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became more efficient and inverter battery can 

be charged by this system. 

VII. CONCLUSION 

As mentioned above the theoretical and practical 

results tallied well. This developed confidence 

in the strategy of design in which theoretical 

design and practical design was alternately used 

as per convenience and verified at every stage 

by the other. The present research establishes 

that the innovative concept of using a single 

phase externally excited low frequency; 

induction machine working on a. c. 

tachogenerator principle is useful for household 

wind generation as it operates at low wind 

speeds and over a long enough range of speeds 

giving constant frequency output. The machine 

is suitable as a household unit because of its low 

inertia and low maintenance requirements. This 

is the first successful trial of this kind as found 

from recent literature survey. 
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