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Abstract— Capacitor-excited induction generator offers certain advantages over a conventional synchronous generator as a source of 
isolated power supply. Main advantages are reduced cost, less maintenance, self protection from short-circuit and overload condition. It 
is used as variable speed generator for different applications such as wind energy conversion, micro hydropower generation. Therefore it 
is now a key interest to develop an efficient and viable generator for harnessing the energy from renewable sources. Steady state 
analysis is important for the design and control point of view to develop an efficient, viable economic and controllable induction 
generator; we must know the overall performance of the generator. In this work, the steady-state performance of a capacitor excited 
induction generator driven by an unregulated turbine is analysed both incuding and excluding the iron-losses. The speed is considered as 
a variable for the unregulated turbine case. The steady-state equivalent circuit is solved using the node admittance method, and the shaft 
torque is expressed in terms of the rotor current. The newton raphson method is used to solve the system nonlinear equations. For the 
present investigation, a linear speed-torque characteristic is considered, but the method of analysis applies equally well to nonlinear 
characteristics. 

Index Terms— Self-excited induction generator, renewable energy, isolated power supply, newton raphson method, MATLAB.   

——————————      —————————— 

1 INTRODUCTION                                                                     
HE ascending rates of fossil-fuel depletion over the last 
two decades combined with a growing concern about pol-
lution of the environment have led to an accelerated 

search for renewable energy generation systems. This accele-
rated drive has led to a tremendous technical progress in the 
field of renewable energy systems over the last two decades. It 
has also led to an increasing utilization of wind and mini-
hydro energy available at isolated locations. The capacitor-
excited induction generator is reliable, robust, cheap, low 
maintenance machine and suitable for these applications. The 
induction generator in self-excited mode is preferred over 
synchronous generator because of its ruggedness, simple con-
struction, absence of DC source, brushless rotor and self-
protection against short circuits[1]. 

 
Application of SEIG in rural plants has been rigorously stu-
died in recent years as the source is generally water or wind, 
and the generator is normally not connected to the grid. There-
fore, the excitation of the generator is usually provided by 
connecting capacitors across the induction machine, which 
generates required emf is known as ‘capacitor self excita-
tion’and can be used to generate the power from constant as 

well as variable speed prime movers. The self excited induction 
generator must deliver power to the consumer with acceptable 
quantity in terms of voltage, frequency, and waveform. This 
requires suitable controllers to be developed for SEIG[1-3].  
 
PROBLEMS FACED BY SEIG 
The drawback of SEIG is that both voltage and frequency varies 
with load even if rotor speed is constant. The rise in rotor speed 
will result in proportional rise in frequency which is often ac-
companied with over-voltages. This type of operation requires 
active and reactive power balances every time. The other draw-
back is that the machine demagnetizes and stops generation if 
the rotor speed falls below or the load rises beyond certain lim-
its. Afterwards, even if the rotor speed and the load return to 
the rated values, the SEIG cannot start working again without 
the help of an auxiliary source and a controller. Therefore these 
drawbacks should be considered during the design phase[4-7]. 
 
In the recent years, due to increasing cost of conventional ener-
gy and environmental problems, research in the field of non-
conventional energy has been intensified. Therefore, the SEIG 
has become a possible source of low cost power generation from 
renewable energy systems. Intensive research work on SEIG has 
been undertaken by many researchers and is well documented 
in the literature. Attention has been mainly focused on the con-
stant speed mode of operation. In constant speed mode, solu-
tions are tedious algebraic derivations of nonlinear equations 
which must be solved numerically[4-7]. 
 
Electricity generation for commercial purpose needs constant 
frequency and this work is done analysis SEIG operation with 
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unregulated turbine (variable speed). In used model, iron losses 
have been included and R load is considered. Certain assump-
tions are made that circuit parameters, magnetization characte-
ristic, excitation capacitance and load impedance are specified. 
For the present investigation, a linear speed-torque characteris-
tic, which is typical for a Hydro-turbine at constant water head, 
is considered[1,5].  
 
2  METHODOLOGY 
EQUIPMENT USED:  
1. Three-Phase Squirrel-Cage Induction Machine: 3.7 kW, 415V, 
8 A, 1440 rpm, 50 Hz, delta connected, 4 pole Induction motor. 
2.D.C. Shunt Machine as a Prime Mover: 220 V, 3 kW, 1500 rpm. 
3. Other equipments: Voltmeter, Ammeter, Wattmeter, etc. 
SOFTWARE USED: MATLAB 
DETERMINATION OF MACHINE PARAMETERS       
Shunt branch parameters of induction machine have been   cal-
culated by conducting synchronous running test, block rotor 
test and stator resistance measurement test and with test data  
following  parameters were calculated which are as follows: 
R1=5.18Ω, R2=6.42Ω, X1=X2=12.97Ω, Xm=232.3 Ω, Rc=1768.89Ω 
 
SYSTEM MODELLING: 
In this case of unregulated turbine both frequency and speed 
are variable.the frequency and the speed are solved simulta-
neously using three non-linear equations[1]. The third equation 
comes from System Modeling. The system consists of a three-
phase SEIG driven by a turbine whose speed w (Td) depends on 
the shaft torque Td according to a given speed-torque characte-
ristics and the SEIG is supplying a static three-phase balanced 
load[1][5][9-12]. The system layout is shown in Figure 1. 

 
Fig 1.  SEIG-Turbine system 

For a stable excitation the machine is normally operated in the 
saturated state. Therefore the magnetizing reactance Xm, at base 
frequency depends nonlinearly on the air-gap voltage Vg. 

 
Fig. 2  SEIG per-phase equivalent circuit 

 

The steady-state equivalent circuit is shown in Fig. 2, in which 
normal frequency reactance values are retained while the stator 
and rotor resistance and the capacitive reactance values are 
suitably modified[1]. 

 
Generally, with all the machine parameters including magneti-
zation characteristics, load and capacitance parameters at base 
frequency specified, the circuit in Fig.2 can be solved for f (per 
unit frequency) and V, if w is specified, or alternatively, for w 
(per unit speed) and V, if f is specified. Applying node admit-
tance method, the node equation at the magnetizing node may 
be written as:  

        Vg[Ya(f,w,Vg)+Yt(f)]=0                                            (1) 
Hence,          
        Ya(f,w,Vg)+Yt(f) =0                                                  (2) 
Since Vg is not equal to 0. Where, 
Ya(f,w,Vg)=1/[r2/(f-w)+jx2]+1/[jXm(Vg)]+1/[rc/f]    (3) 
And    
Yt(f)=Yb(f)Yc(f) / [Yb(f)+Yc(f)]                                      (4)      
Where      
      Yb(f)=1/[(r1/f)+jx2]                                                    (5) 
And 
     Yc(f)=(f/Rl)+(f2/jXc)                                                   (6) 
 

The electrical torque in per-unit is equal to the gross rotor input 
power, therefore  

 
     Te= |I2|2r2 /(f-w)                                                         (7) 
 
From the equivalent circuit, the rotor current is given by 
     Ir=Vg/f[r2/f-w) + jx2]                                                  (8) 
 
Therefore, 
     Te = (Vg)2r2/ f2[r22/(f-w) + x22 (f-w)]                          (9) 
 
The total shaft retarding torque is     
    Td= Te+Tr                                                                      (10) 
 
where Tr is the rotational loss torque. For the present inves-

tigation, it is assumed that the SEIG is driven by a hydro-
turbine at constant water head. The turbine speed-torque cha-
racteristic in this case is linear and is given by the following eq-
uation- 

 
w(Td) = wo – kTd                                                              (11) 
where wo and k are constants. 
 

Equation (2) has complex coefficients; thus it can be separated 
into real and imaginary parts which are both equated to zero. 
Let the real part of (2) be denoted by f 1, 

 
f1 = Re{Ya} + Re{Yt} = 0                                      (12) 
and let its imaginary part be denoted by f2. 
 
f2 = Im{Ya} +Im{Yt} = 0                                                   (13) 
where Re and Im are the ‘real part’ and ‘imaginary part’ 
operator respectively.  
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Equation (1 1) is real and it can be written in the form 
f3 =wo -w – kTd = 0                                                         (14)  

 
Equations (12), (13) and (14) are solved using the Newton-
Raphson method which is very suitable for solving this type of 
problem. The elements of the resulting Jacoubian matrix J are 
formed as follows: 

 
[ δf1/δf,      δf1/δw     δf1/δVg] 
[  δf2/δf      δf2/δw     δf2/δVg]  
[  δf3/δf      δf3/δw     δf3/δVg] 
 

The above solution method can also be used if the SEIG is dri-
ven by a turbine having non-linear speed-torque characteristics. 
Equation (11), however, should be modified according to the 
actual turbine characteristics. 

 
The per-unit parameters of the test machine are calculated as 
follows: 
r1=.1, r2=.123, x1=x2=.25, rc=34.148, Rl=1, xc=1.86, k=.1, w0=1 

 
From the measurement data of stator voltage and current, the 
desired relationship was obtained using regression analysis. For 
the test machine Xm, in per-unit at base frequency was found as: 

 
Xm(Vg) = -5.386(Vg)3+7.13(Vg)2-2.662Vg+3.721 

 
 
3  RESULTS AND DISCUSSION 
MAGNETIZATION CURVE OF   SEIG   
     

 
Fig 3 Magnetization characteristics  

 
  Fig  4  Curve between voltage and Xm at synchronous speed 

 
          Fig 5 Variation of terminal voltage with load  
 
 From the above characteristic it is clear that terminal voltage 
is decreasing with increase in load current. The fall of charac-
teristic is minimum in case of regulated case compare to unre-
gulated case. In  unregulated case including core losses,  The 
fall of voltage characteristic is more compare to regulated case 
and unregulated without core loss case. 
 

 
                    Fig 6. Variation of speed with load current 
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Above characteristic shows the variation of speed with load 
current. From the above characteristic it is clear that speed  is 
constant in case of regulated case. There is a slight fall in speed 
vs load-current characteristic with increase in load current in 
case of unregulation. The fall is steep if core losses are in-
cluded with unregulated case. 
 

 
                 Fig 7 Variation of torque with load current 
 
Above characteristic shows the variation of torque with load 
current. From the above characteristic it is clear that torque is 
decreasing with increase in load current. The fall of characte-
ristic is minimum in case of regulated case compare to unregu-
lated case. In  unregulated case including core losses,  The fall 
of voltage characteristic is more compare to regulated case and 
unregulated without core loss case. 
 

 
        Fig 8. Variation of voltage with capacitance 
 
Above characteristic shows that the voltage increases with 

capacitance. Terminal voltage is higher if regulation is pro-
vided. The terminal voltage also rises in case of unregulation, 
but this increment is less compare to regulated case and this 
increment is minimum in case of unregulation including core 
losses.  
 

                    Fig 9.  Variation of speed with torque 
 
Above characteristic shows the variation of speed with torque. 
From the above characteristic it is clear that speed is constant 
irrespective of torque when regulation is provided. and the 
other two characteristics confirms linear relationship between 
speed and torque according to assumed speed torque charac-
teristic.and the fall of speed vs torque characteristic is more in 
case of unregulation including core loss. 
 

 
          Fig 9 Variation of frequency with load current 
 

Above characteristic shows the variation of frequency with 
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load current. From the above characteristic it is clear that fre-
quency is slightly falling in case of regulated case. The fall in 
frequency vs load-current characteristic with increase in load 
current is more in case of unregulation compare to the case 
when regulation is provided. The fall is steep if core losses are 
included with unregulated case. 
 
4 CONCLUSION 
From the present investigation, it was found that the steady-
state performance of the SEIG is largely influenced by the 
slope of the speed-torque characteristics. It was also observed 
that the voltage and frequency regulation is poor when the 
corelosses are included and that predicts the actual behavior 
of the generator. 
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