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Abstract 

This paper illustrates the newly developed specially designed single phase self excited induction 

generator. All possible configurations for winding arrangement have been attempted to obtain the best 

output from the model. The earlier configurations were found incomplete to obtain the optimum output 

from the single phase induction machine as an induction generator. The proposed model is unified, 

optimum and accurate for inculcating the performance of single phase induction generator. The model 

design as well as its development of 3.7 kW, 50 Hz and 4-pole single phase SEIG is presented using 

simulink in MATLAB. The 4 possible configurations are designed for single phase SEIG, the objective 

function is to reduce total harmonic distortion (THD) and optimize the model parameter. The results were 

demonstrated experimentally validated using SPEED software. A standard available IEC 132 frame size 

is used for development of proposed model and the results found are prominent. 

Keywords: Single-phase self-excited induction generator (SEIG), Design and development, Capacitor 

self-excitation, Matlab, Autonomous power generation, Total harmonic distortion 

 

 

Introduction 

The non-conventional energy sources are going to be depleted increasingly day by day, based on a 

survey the oil will be reach low level in about 40 years and the coal reserves will be depleted in about 120 

years. Therefore, the new millennium belongs to renewable energy sources [1-6]. Sometimes in rural and 

remote areas, where it is difficult to install the transmission and distribution line, for such an areas SEIG 

is found to be suitable for power generation from such renewable energy sources due to its inherent 

advantages [7] such as low cost, simple construction, little maintenance, absence of dc source, brushless 

etc compared to conventional generator. 

An Induction machine can be made to work as a self excited generator. When the rotor of an 

induction machine is driven by a prime mover and its excitation is provided by connecting a capacitor 

across the stator terminals. The induced emf and current in the stator winding will continue to rise until 

equilibrium is attained due to magnetic saturation in the machine. 

A breakthrough was achieved by evolving a specially designed 2 winding single phase SEIG with a self 

regulating capacitor topology [8] which has been recognised by Boldea as the most acceptable single 

phase SEIG. But it is observed that there is a heavy demand for small capacity generator in rural sector. 

In this paper the work is reported for the optimised model for such a need. Mostly generators are 

operating at near 1,500 rpm. Hence a 4-pole configuration of single phase SEIG is chosen. 

This paper reports a successful effort on the design and development of a 3.7 kW, 50Hz, 230 V, 4-

pole single-phase 2 winding self excited induction generator (SEIG). Since such an exercise is taken first 

time with design and its optimised model is implemented. The author has taken the reference based on 

this optimised result, a prototype was implemented in the lab using standard IEC 132 frame and tested for 

suitability. 
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Design modelling of self-excited induction generator 

Here 2 winding single phase 230V output power of 3.7KW with 50 Hz frequency and 4-poles 

operating as SEIG is presented. The excitation in both systems is caused by residual flux activation, 

which is in stator torque, when the rotor is excited by a mild EMF. The approach taken is acceptable and 

will be briefly outlined here. A normal single-phase motor cannot be used satisfactorily as a self-excited 

induction based on experience, while the development goal of a single-phase good start and run output 

with high efficiency and power factor [25]. There are usually multiple steps included in a development 

process for a SEIG. The induction generator variable measurements were carried out using theoretical and 

statistical formulas. Figure 1 demonstrates the planned treatment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1Design system for proposed SEIG. 

 

 

 

AC machine’s performance are expressed by formula (1), 
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where, 

32 10*1.1  wavo ACKBC                (2) 

The KVA input of generator is S . The coefficient of output is 
oC . The average flux density in the 

air-gap is 
avB . The specific electric loading is AC. The air-gap diameter is D. The core length is 

represented as L and the synchronous speed is represented as 
sn . The winding factor is represented as 

wK . Regarding rated output power  0P , efficiency   and power factor. The KVA input  S is determined 

as, 

 

 cos

0P
S                  (3) 

where, the main parameters for the structure of the SEIG are named qualities because they are recognized 

as
avB and AC . SEIG can work in the enrichment region [26] when selecting a higher value

avB . The 

operating point may be in the sinking zone when a SEIG is in the load position. Then, the current 

waveform is not sinusoidal for the misalignment of the magnetic flux. Flux for a pole, 

avii BL                  (4) 

where pole pitch is represented as , Net core iron is represented as iL
.
 

The performance of the teeth is referred to as the flux density to the magnetic saturation is represented 

as i
. 

The SEIG operating point in the perimeter region causes flux density enrichment in the teeth. Thus, 

making the stator size a pointNsis given. 

 

wf

g

s
fKK

E
N

4
                 (5) 

where, the inductance voltage is represented as Eg, the frequency is represented as f and the structure 

factor subject to teeth saturation is represented as Kfwhich 1.02<<1.11. 
 

 

In enhancement, the advanced voltage of the SEIG is a sinusoidal waveform, which means better 

power efficiency and lower voltage control. The rotor winding includes conductors proportional to the 

poles' tendency of the SEIG. The explanation behind tilting the rotor is proportional to rotating the stator.  

The winding segment (Kw) is shown as,
 

skPdw KKKK                  (6)
 

where,the distribution factor is denoted as
dK ,the pitch factor is represented as

pK and the skew factor is 

signified as
skK . The rated current can be obtained as,  

 cos3

0

t

g
V

P
I                                (7) 

The cross-section area of the stator conductor is represented as  sa , 

s

g

s

I
a


                              (8)  
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where is the current density of the stator conductors. The current of the rotor is the current of the rotor 

bar. Rotor bar current, 

cos
2

2

s

sw

b I
N

NmK
I                               (9) 

where, the number of the phase is taken as m. As the sum of the average bar current and the half bar per 

pole per phase, this obtains the largest estimate of what is done with the ring current. The rms estimate of 

the final loop current (for example, the root mean square value or the value used to break the alternating 

current circuits) is thus obtained, 
 


b

er

IN
I 2                  (10) 

The flux density of the teeth is not more important than the normal degrees of the magnetic field of 

the selected object. The motion of the stator and rotor is given as follows.
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where the stator tooth width is represented as 
tsW  and the rotor tooth is represented as

trW , respectively. 

Single phase 2 winding SEIG model 

Figure 2 shows the Schematic of 1-Phase 2 winding SEIG. The most significant single phase SEIG 

with one as the main winding through which load is connected and the other is the auxiliary winding 

through which capacitor is connected to provide the excitation. In this process the design of 2 winding is 

taken for 36 slots, 4 poles for stator core and the squirrel cage rotor are kept unaltered. 
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Figure2 Schematic of 1-phase 2 winding SEIG. 
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The steady state circuit of a single phase 2-winding SEIG is shown in Figure 3. It generally 

represents the equivalent circuit of a single phase induction motor in generation mode of operation and is 

derived from double revolving field theory.  
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Figure3 Steady state circuit model of a single phase 2 winding SEIG. 

 

The equations derived for its performance evaluation based on its circuit model are as follows: 
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Equivalent circuit analysis
 

To create a broader view of the impact of the capacitor on the device with essential VAR 

compensation control, the proposed computer research divides the capacitors into 2 parts called the voltage-

generator to compensate for the terminal voltage regulator. The recommended model is shown in Figure 

4(a). 
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Figure 4 Analysis of (a) Single line outline of SEIG (b) Power stream chart of SEIG without loading a 

phase proportional circuit of SEIG. 

 

 

Equal circuit for each phase is shown in Figure 4(b) for no load operation, neglect harmonic effect 

and core loss. It is possible to determine the capacitance for the process of voltage building during no 

load as, 
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Each phase voltage is denoted by 
bC capacitance, the fundamental impedance

bZ
, bf is denoted as 

the fundamental frequency, maxa  is the coefficient is denoted, and the critical speed is denoted by cb  . 

To succeed in constructing the SEIG voltage, the terminal voltages must be controlled while the load 

cC is increased. Digits are included to evaluate the load process. The energy stream characteristic of the 

SEIG that gives the load resistance is seen in Figure 4(c). Calculate the terminal voltage as a constant cC  

and find it. Condition (35) measures the total reactive power of the capacitors (for example, and 

 

Lgct QQQ                              (35) 
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where, 

 

The apparent power of a phase SEIG is represented as gS , The Active power of the SEIG of a 

phase is represented as
gP ,The Reactive power of the SEIG of a phase is represented as 

gQ ,The Reactive 

power load of a phase is represented as 
LQ ,The Total reactive power of capacitors of a phase is 

represented as
ctQ .  

 

The compensated reactive power is, 

 

cbctcc QQQ                (38) 

Where, 
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The Reactive power of the voltage build-up capacitor of a phase is represented as cbQ , The 

Reactive power of the compensating capacitor of a phase is represented as ccQ .  

The compensating capacitor's per-phase current is determined by equation (40). 
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The following equations measure the per-phase compensated capacitance. 
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Therefore the overall SEIG capacitor value is, 

 

cbt CCC                              (43) 

 

Where,  

The per-phase compensating capacitance is represented as cC , The per-phase voltage build-up 

capacitance is represented as bC , The per-phase total capacitance is represented as tC . 

 

Various configuration and model of 1-phase SEIG 

Using the standard stamping details and software, design calculations are carried out for the 

following 4 possible winding models and presented in sections to follow. All possible configurations 

have been attempted and the performance also compared. Since the software gives only the motor 

performance the same is presented although we have to separately compute SEIG performance from 

parameters as discussed below; 

Model 1:Full pitch(1-10) single layer winding 

Model 2:Full pitch(1-10) double layer winding 

Model 3:Short pitch(1-8) double layer winding 

Model 4:Short pitch(1-9) double layer winding 

 

 Model 1: Full pitch(1-10) single layer winding 

 Table 1 represents the configuration for full pitch (1-10), Single layer winding for Main and 

auxiliary as phase-1 and phase-2. In this model the coil span is 9 and the number of turns are taken as 50. 

 

 

Table 1 Winding details for main and auxiliary. 

Phase-1 (Main) Phase-2 (Aux) 

Coil Go Return Span Turns Coil    Go Return Span Turns 

1 1 10 9 50 1 6 15 9 50 

2 2 11 9 50 2 7 16 9 50 

3 3 12 9 50 3 8 17 9 50 

4 4 13 9 50 4 9 18 9 50 

5 5 14 9 50 5 24 33 9 50 

6 19 28 9 50 6 25 34 9 50 

7 20 29 9 50 7 26 35 9 50 

8 21 30 9 50 8 27 36 9 50 

9 22 31 9 50 

10 23 32 9 50 

 

 

Table 2 represents the configuration for full pitch (1-10), Single layer winding for Main and 

auxiliary as phase-1 and phase-2 for all phases. In this model the coil span is 9 and the number of turns 

are taken 50. The coil span factor is 0.39 and 0.58. 
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Table 2 Winding details for main and auxiliary with slot fill factor. 

Slot Ph-1 Ph-2 Total SFg SFn Slot Ph-1 Ph-2 Total SFg SFn 

1 50 0 50 0.3984 0.5889 19 50 0 50 0.3984 0.5889 

2 50 0 50 0.3984 0.5889 20 50 0 50 0.3984 0.5889 

3 50 0 50 0.3984 0.5889 21 50 0 50 0.3984 0.5889 

4 50 0 50 0.3984 0.5889 22 50 0 50 0.3984 0.5889 

5 50 0 50 0.3984 0.5889 23 50 0 50 0.3984 0.5889 

6 0 50 50 0.3984 0.5889 24 0 50 50 0.3984 0.5889 

7 0 50 50 0.3984 0.5889 25 0 50 50 0.3984 0.5889 

8 0 50 50 0.3984 0.5889 26 0 50 50 0.3984 0.5889 

9 0 50 50 0.3984 0.5889 27 0 50 50 0.3984 0.5889 

10 -50 0 50 0.3984 0.5889 28 -50 0 50 0.3984 0.5889 

11 -50 0 50 0.3984 0.5889 29 -50 0 50 0.3984 0.5889 

12 -50 0 50 0.3984 0.5889 30 -50 0 50 0.3984 0.5889 

13 -50 0 50 0.3984 0.5889 31 -50 0 50 0.3984 0.5889 

14 -50 0 50 0.3984 0.5889 32 -50 0 50 0.3984 0.5889 

15 0 -50 50 0.3984 0.5889 33 0 -50 50 0.3984 0.5889 

16 0 -50 50 0.3984 0.5889 34 0 -50 50 0.3984 0.5889 

17 0 -50 50 0.3984 0.5889 35 0 -50 50 0.3984 0.5889 

18 0 -50 50 0.3984 0.5889 36 0 -50 50 0.3984 0.5889 

 

Model 3: Short pitch(1-8) double layer winding 

Table 3 represents the configuration for short pitch (1-8), Double layer winding for Main and 

auxiliary as phase-1 and phase-2. In this model the coil span is 7 and the number of turns are taken 25. 

 

Table 3 Winding details for main and auxiliary (Model 3). 

  Phase-1 (Main) Phase-2 (Aux) 

 Coil Go Return Span Turns Coil Go Return Span Turns 

1 1 8 7 25 1 13 6 -7 25 

2 2 9 7 25 2 14 7 -7 25 

3 3 10 7 25 3 15 8 -7 25 

4 4 11 7 25 4 16 9 -7 25 

5 5 12 7 25 5 15 22 7 25 

6 17 10 -7 25 6 16 23 7 25 

7 18 11 -7 25 7 17 24 7 25 

8 19 12 -7 25 8 18 25 7 25 

9 20 13 -7 25 9 31 24 -7 25 

10 21 14 -7 25 10 32 25 -7 25 

11 19 26 7 25 11 33 26 -7 25 

12 20 27 7 25 12 34 27 -7 25 

13 21 28 7 25 13 33 4 7 25 

14 22 29 7 25 14 34 5 7 25 

15 23 30 7 25 15 35 6 7 25 

16 35 28 -7 25 16 36 7 7 25 

17 36 29 -7 25 

18 1 30 -7 25 

19 2 31 -7 25 

20 3 32 -7 25 

Table 4 represents the configuration for short pitch (1-8), Double layer winding for Main and auxiliary as 

phase-1 and phase-2 for all phases. In this model the coil span is 7 and the number of turns are taken 50. 

The coil span factor is 0.44 and 0.66, respectively. 
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Table 4 Winding details for main and auxiliary with slot fill factor (Model 3). 

 Slot Ph-1 Ph-2 Total SFg SFn Slot Ph-1 Ph-2 Total SFg SFn 

1 50 0 50 0.4407 0.6601 19 50 0 50 0.4407 0.6601 

2 50 0 50 0.4407 0.6601 20 50 0 50 0.4407 0.6601 

3 50 0 50 0.4407 0.6601 21 50 0 50 0.4407 0.6601 

4 25 -25 50 0.4407 0.6601 22 25 -25 50 0.4407 0.6601 

5 25 -25 50 0.4407 0.6601 23 25 -25 50 0.4407 0.6601 

6 0 -50 50 0.4407 0.6601 24 0 -50 50 0.4407 0.6601 

7 0 -50 50 0.4407 0.6601 25 0 -50 50 0.4407 0.6601 

8 -25 -25 50 0.4407 0.6601 26 -25 -25 50 0.4407 0.6601 

9 -25 -25 50 0.4407 0.6601 27 -25 -25 50 0.4407 0.6601 

10 -50 0 50 0.4407 0.6601 28 -50 0 50 0.4407 0.6601 

11 -50 0 50 0.4407 0.6601 29 -50 0 50 0.4407 0.6601 

12 -50 0 50 0.4407 0.6601 30 -50 0 50 0.4407 0.6601 

13 -25 25 50 0.4407 0.6601 31 -25 25 50 0.4407 0.6601 

14 -25 25 50 0.4407 0.6601 32 -25 25 50 0.4407 0.6601 

15 0 50 50 0.4407 0.6601 33 0 50 50 0.4407 0.6601 

16 0 50 50 0.4407 0.6601 34 0 50 50 0.4407 0.6601 

17 25 25 50 0.4407 0.6601 35 25 25 50 0.4407 0.6601 

18 25 25 50 0.4407 0.6601 36 25 25 50 0.4407 0.6601 

 

Winding configuration  

These are the winding diagram in figure no. 4(d) of the finalised model taken during the design 

procedure in the design package/tool SPEED.  
 
 

 

(d) 

Figure 4 (d) Winding diagram of finalised model. 

 

Results and discussion 

Since the induction machine operates in SEIG mode, the differences in terminal voltage and current 

are evaluated. This paper is carried out using induction generator design analysis. In MATLAB / 

Simulink mode, the dynamic design of the proposed system is developed and the simulated system output 

is introduced. This section demonstrates the development of the simulated voltage waveform during 

normal SEIG operation, auxiliary torque voltage, generator voltage, motor rate and load, end-voltage and 

total harmonic distortion analysis (THD). Figure 5 shows a simulink model of a 2-phase 4-pole SEIG of 

a grid. 
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Figure 5 Simulink model of proposed methodology. 

 

The response and the variation in the main and the auxiliary winding current are examined by 

simulation. The variation in the stator flux is also plotted. The effect of rotor resistance on kinetic energy 

has been tested for 2 different values of kinetic energy. Analysis of the main winding current is shown in 

Figure 6(a), where the value of the current starts at 0 and slowly rises to 1.3A. The auxiliary value is 

illustrated with the 12A current representing in Figures 6(b) - 6(d) shows the stator flow of 1.7and 

1.75wb on the d and q axis. 

 

 

Figure 6(a) Analysis of Main winding current. 
 

 

 
Figure 6(b) Analysis of auxiliary winding current. 
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Figure 6(c) Analysis of stator flux at d-axis. 

 

 
Figure 6(d) Analysis of stator flux at q-axis. 

 

 

 

The response for the rotor parameters are presented in this section. Various graph shows the rotor 

performances in terms of speed, flux and current. Figure 7(a) illustrates the current waveform with value 

48A. Rotor flux at d axis is 1.7wb and at q axis is 1.75wb, which is shown in Figures 7(b) and 7(c), 

respectively. Figure 7(d) shows the abruptly increasing the rotor speed to 89 rpm from 0. 
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Figure 7(a) Analysis of Rotor current. 

 

 
Figure 7(b) Analysis of rotor flux at d-axis. 

 

 
Figure 7(c) Analysis of rotor flux at q-axis. 
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Figure 7(d) Analysis of rotor speed. 

 

The generating voltage depends on the machine rating, frequency and connected capacitor to the 

terminal. Figure 8(a) shows the load current at 4A and the voltage rises for a period of 0.8 s and Figure 

8(b) shows the load voltage. Figure 8(c) illustrates the power waveform and the power value at 0-0.1 s is 

the same after 0.3, which gradually rises and reaches 1,690 W. The electromagnetic torque of 75 Nm is 

shown in Figure 8(d).  

 
Figure 8(a) Analysis of load current. 

 

 
Figure 8(b) Analysis of load voltage. 
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Figure 8(c) Analysis of load power. 
 

 
Figure 8(d) Analysis of electromagnetic torque. 

 
The waveform of single phase SEIG for stator and rotor are displayed in Figures 6 and 7 likewise 

the performance of THD response is given in Figure 9. The THD value of this SEIG design is 7.22%, 

which is lower compared to previous models. 

 

 

 

Figure 9 Analysis of total harmonic distortion. 
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MMF Plots and harmonics for model 1 

The MMF which is normalized for its maximum value having 36 slots. Figure 10 shows the MMF 

waveform for main winding. The winding configuration (Table1) for model 1 shows the magnitude 

response of electrical harmonic as shown in Figure 11. The 1st, 3rd and 5th harmonics are 1.0, 0.075 and 

0.060, respectively. 

 

 
Figure 10 MMF plot for main winding. 

 

 

 

Figure 11 Harmonics plot model 1. 

 

 

MMF Plots and harmonics for model 3 
The MMF which is normalized for its maximum value having 36 slots. Figure 12 shows the MMF 

waveform for main winding. The winding configuration (Table 3) for model 1 shows the magnitude 

response of electrical harmonic as shown in Figure 13. The 1st, 3rd and 5th harmonics are 1.0, 0.040 and 

0.010, respectively. It is observed that, this is the lowest and optimum value of the electrical harmonic’s 

comparative to other designed models. 
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Figure 12 MMF Plot for main winding. 
 

 

 
Figure 13 Harmonics plot model 3. 
 

 
Conclusions 

Two torque SEIGs at 220/230 V were provided by Matlab simulations and experimental tests, 

complete modeling and dynamic performance analysis of the same phase. The proposed model is reasonable 

to evaluate the performance of the generator under uniform or unbalanced load conditions. A brief overview 

and selection criteria of the induction generator design parameters of SEIG’s single-phase machine theory 

are presented. When evaluating its output with different kinetic parameters, torque, speed, etc., the optimal 

trigger potential is evaluated for the SEIG. With the invention of the test layout, the design has been shown 

to be valuable for efficient performance. With changes in excitement and prime mover rate, the SEIG output 

varies considerably. Therefore, the performance analysis results show the effectiveness of the SEIG design. 

On comparing the performance of the 4 models, it has been observed that the model “Short pitch(1-8) 

Double layer winding” gives  good performance in terms of reduced THD, sinusoidal MMF waveforms. 

Therefore, the finalized model is “Short pitch(1-8) Double layer winding” for a significant application in 

field. The main objective function is to minimize THD as well as pure sinusoidal waveform using design 

package SPEED.The objective function is achieved by suitable arrangement of winding specification. 
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