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Abstract 
The present paper analyzes the consequences of short grid voltages interruptions on grid-

connected self-induction generator, particularly, on the currents and electromagnetic torque of the 
generator. These effects depend on several variables such as the phase difference between the grid 
voltages and those of the generator, the magnitude of the grid voltage and the generator currents at the 
instant of reconnection to the grid. The approach has been used for studying the effects of these grid 
disturbances on the self-excited induction generator; is a numerical approach. In the numerical approach, 
which is based on the dynamic d-q model of the induction generator, the effect of magnetic saturation is 
accurately accounted for. This numerical model has been validated by experimental measurements taken 
from an induction generator test bench. The analysis focuses on the amplitudes of the peaks of the 
currents and torque during short interruptions especially at the reconnection of the grid voltage. The results 
obtained from the numerical model are compared to the measured ones. 
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1. Introduction  

Many types of generators have been used and proposed to convert wind and hydro 
power into electrical energy. The three-phase induction generator is well suited for small scale 
wind power applications both in grid connected mode and in self-excited stand-alone mode. 
This generator offers the significant advantage of allowing variable speed operation [1-3]. 
However, the self-excited induction generator is unable to produce reactive power and thus 
requires a separate excitation device such as capacitor bank. Alternatively, the induction 
generator could be used in isolated load or grid connected operating mode [5-6]. Two significant 
disadvantages arise when induction generators are used in grid connected mode. First, there is 
high demand of reactive power by the induction generator. Second, there is a large transient 
current due to direct connection of the induction generator to the grid [6-7]. Indeed, one of the 
operating events producing major transient interaction between an induction generator and the 
local grid is the connection process. This is particularly noticeable in fixed-speed turbines when 
equipped with squirrel cage induction generators (SCIGs). Moreover, the disturbances caused 
by the reconnection to the grid may be more troublesome when they are recurring and random 
in their nature. This is often the case after voltage sag occurring at network level. Voltage sags 
are currently a matter of concern because they can give rise to a number of problems in the 
generator itself and the supplied equipment depending on their particular sensitivity [8-12]. In 
the scientific literature the recent grid code revisions, the ride-through capability of wind turbines 
connected to the electricity grid are reported and discussed by several authors [13-14]. In this 
paper, the behaviour of the self-excited induction generator following a short interruption of the 
grid voltage is studied. The study pointed out the parameters which affect the magnitudes of 
current and torque peaks. The potential consequences on the self-excited induction generator 
due to the fast reconnection of the grid are discussed. The study is carried out on a 3,5kW self-
excited induction generator. Measured and computed results are presented and discussed. 
 
2. Induction Generator Modelling  

The voltages equations expressed in the stator reference frame are given by [3]: 
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All rotor quantities and parameters are referred to the stator. The stator and rotor flux 

linkages may be written as: 
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The electromagnetic torque is given by: 
 

sdqrqsdre  i  i                                                (3) 

 
2.1. Magnetic Saturation Modelling 

The aim of the present section is to take into account the effect of magnetic saturation 
in the dynamic model of the induction generator [3]. Only the main flux path is supposed to be 
affected by the saturation, the leakage flux is assumed to be constant [3]. The saturation effect 
is approximated by using an analytical model of the magnetizing curve. Figure 1 shows the 
measured magnetizing flux as a function of the magnetizing current. The mathematical 
approximation is obtained by using the arc tangent function; the following equation gives the 
relation between flux and magnetizing current: 

 

)5arctan(0.1    63.0 mm I                                                     (4) 

 
The measurements of magnetizing flux are carried out through a no-load experimental 

test at synchronous speed. The measured magnetizing curve and its mathematical 
approximation are illustrated by the Figure 1 below.  

 
 

  
 

Figure 1. Magnetizing flux versus magnetizing 
current 

Figure 2. Magnetizing flux and current phases 
in d-q axis representation 
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The derivative of the magnetizing flux is expressed by: 
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By using the followings relations given from Figure 2. 
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We obtain the expressions of speed vector flux and magnetizing current derivative by: 
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By putting the flux in terms of magnetizing inductances in both axis d and q we get: 
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With: 
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Mst and Mdy are respectively static inductance and dynamic inductance. The Figure 3 

and 4 show the static and dynamic inductances obtained by calculation. 
 
 



                     ISSN: 2302-4046 
           

 TELKOMNIKA Vol. 16, No. 2, November 2015 :  199 – 206 

202 

 
 

 

Figure 3. Dynamic magnetising inductance Figure 4. Static magnetising inductance 
                 
 
These curves represented in Figure 3 and 4 are obtained from the curve of Figure 1. 

Finally the system of Equation (1) can be written in both axes d and q by: 
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The electromagnetic torque is given by: 
 

dsqrqsdr IIe                                                                     (13) 

 
2.2. Observation of the Self-excitation Process 

The self-excitation phenomenon is governed by the voltage equations below: 
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Before the connection to the power grid, the voltage is built up across the stator 

terminals of the induction generator. Appropriate values for the self-excitation capacitors and the 
rotor drive speed are elaborately chosen. The experimental test was carried out by using a 
3,5kW induction generator at no load. Figure 5 and 6 shows respectively, the measured and 
simulated stator voltage and stator current. 

Figure 5 and 6 show that the voltage and the current increase up to a limit value which 
is determined by the saturation. Measured and computed results illustrated by these figures are 
in good agreement. This coherence between simulation and experimentation confirms the 
validity of the saturated developed model. 
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Figure 5. Measured and simulated stator 

voltage N=1500rpm C=180F 

Figure 6. Measured and simulated stator 

current N=1500rpm C=180F 
 
 
3. Currents and Torque Magnitudes at the Reconnection to the Grid  

Usually a fixed speed generator is connected to the network via an AC / AC dimmer. 
The Figure 6a shows the principle of this connection a schematic way. 

The procedure of the connection can be divided in the following step. 
1) Starting the driving motor to the synchronous speed of the generator 
2) When the self-excitation is reached  the induction voltage build up to the final value 
3) Once the steady state is reached the self-excited induction generator (SIEG) is 

switched on the grid throughout the soft starter by decreasing firing angle of thyristor within a 
specific law. 

4) After soft starting procedure is completed, each line triacs is by passed by a 
mechanical contactor as show in following Figure 7 below. 
 

 
 

Figure 7. Single line diagram of the Self-excited induction generator using an AC/AC converter 
 
 

rad, the relationship between the firing angle and the controlled voltage and its variation is no 
linear.  

 
3.1. Procedure of Experimental Test 

Momentary short interruptions may occur at any time during the grid exploitation [2, 6]. 
They are due to transient phenomena such as faults and their durations are so small that the 
protection circuit cannot be activated. Sometimes their effects are very important and may 
cause damage to connected devices. In the present section we focus on the maximum values 
that could take the generator stator and rotor currents during a short disconnection of the grid 
voltage [7]. 

To reproduce a grid voltage short interruption we use an experimental test bench whose 
schematic is shown in Figure 8. The SEIG is driven at synchronous speed by a DC motor, with 
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capacitors banc connected at its stator terminals. The circuit breaker K is used to 
connect/disconnect the SEIG from the grid; this is used to reproduce the momentary 
interruptions of grid voltage it is equivalent to the by-pass contactor. The induction voltage and 
grid voltage have the same value in the test bench laboratory, then the transformer does not 
exist.  

 

 
 

Figure 8. Single line diagram of experimental test bench 
 
 

The computation of the peak values of the stator and rotor currents is performed using 
Matlab software. Figure 9 reproduces the single line circuit of the momentary short interruption. 

 
 

 
 

 

Figure 10. Experimental and simulated stator 
current with a positive peak following a 

reconnection of grid voltage 

Figure 11. Experimental and simulated stator 
current with a negative peak following a 

reconnection of grid voltage 
 
 

 
 

 

Figure 12. Experimental and simulated rotor 
current with positive peak following a 

reconnection of grid voltage 

Figure 13. Experimental and simulated rotor 
current with negative peak following a 

reconnection of grid voltage 
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From Figure 10, 11, 12 and 13, it appears that the magnitudes of the stator and rotor 
currents reach very high values which exceed several times their nominal values. The stator 
current reach 12 times the rated value (Figure 12) and the rotor current reach 10 times the rated 
value. These values are excessive. 
 
3.2. Generalization of Simulation Results  

Momentary short interruptions of the grid voltage are complex because of their 
randomness. In the previous section it was reported that the peak currents depend on several 
parameters, such as the shift angle between grid and induction generator voltages, and the 
moment of reconnection to grid [7]. In simulation it is easy to choose the time of reconnection to 
the grid, but in practice this variable is random. The grid reconnects to the generator once the 
fault is cleared. In the present section our aim is to investigate the limit of the peak current and 
to show under what conditions this limit value can occur. For this, simulation is carried out for 
several shift angles between the grid and the induction generator voltages, and for several 
moments of the reconnection. The figures below show the obtained results. 

 
 

 
 

 

Figure 14. Simulated stator current following a 
reconnection of grid voltage to the generator 

Figure 15. Simulated rotor current following a 
reconnection of grid voltage to the generator 

 

 
 

 

Figure 16. Simulated torque peaks following a 
reconnection of grid voltage to the generator 

Figure 17. Stator voltage at the moment of the 
reconnection to the grid voltage 

 
 

From these Figure 14, 15 we note that the peak of both stator and rotor current can 
reach 16 times of the rated current. These denote the transient severity of currents if the 
appropriate conditions are satisfied (angle shift and time of reconnection). These excessive 
values of the currents can cause damage to the induction generator. On the Figure 16 we see 
the excessive value of the electromagnetic torque. This value exceeds 15 times of rated torque 
and can cause damage to the mechanical transmission. The Figure 17 show the stator voltage 
simulated and measured at the time of the reconnection the grid to the induction generator. 
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4. Conclusion  
The grid reconnection to self-excited induction generator after short interruptions is a 

complex phenomenon which depends on several parameters. The phase-shift between 
voltages and currents of the induction generator and the phase-shift between the voltages of the 
induction generator ant that of the grid voltage is among the most influencing. The magnitudes 
of the transient currents and the torque are closely related to the values of these parameters. 
The magnitudes of the transient currents and torque depend also on the initial conditions of 
induction generator variables at the time of reconnection to the grid. This is because during the 
grid interruption the induction generator goes into no-load self-excited operating mode. Several 
experimental tests were conducted and reproduced in simulation. From all these results it was 
noticed that the highest peak current is obtained when the voltages of the induction generator 
and grid are in opposition shift angle. In the stator as well as in the rotor windings, the 
magnitude of the peak current can reach 15 to 20 times the rated value.  
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