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Abstract- This paper deals with transient stability enhancement of grid connected squirrel cage Induction Generator.  In 
most of the wind power generation Induction Generator is widely use because of its reliability and low cost. Fault occurs in 
power system, leads to over speed and voltage instability of induction generator. When the fault is clear rotor speed is high 
that make system become unstable. For stability improvement, unique property of the induction machines in which direction 
of the rotating flux is reversing employed. After clearing the fault operating mode of the induction machine is changed from 
the generating to the plugging mode for a short duration of time. This shows that the proposed method can be effective in 
enhancing the transient stability. 
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I. INTRODUCTION 
 
Many of wind turbine are equipped with induction 
generator either squirrel cage or wound rotor due to 
its simplicity and low cost. Induction generator needs 
excitation to excite the stator winding to generate 
rotating magnetic field. Therefore it is connected to 
grid with the help of transmission line and absorbs 
reactive power from grid. Now as the rotor of 
induction machine is rotate mechanically through 
shaft then it runs above synchronous speed and acts 
as a generator gives negative value of slip. When 
faults occurs on transmission line its leads to rotor 
speed instability and voltage instability. But when the 
fault is clear its rotor speed is too high that its takes 
more time to become steady state. 
 
To overcome this problem in [1], Plugging is one of 
the electrical braking techniques applicable in 
induction machine causing ac voltage to increase and 
therefore, voltage and rotor Stability will be improve. 
There are previous methods to improve the induction 
generator stability. 
i) Rotor circuit control 
ii) Flexible AC transmission system (FACTS) devices 
iii) Breaking resistor 
In [2], explained with braking resistor, for improving 
stability of induction generator. Induction generator 
draws high reactive power from the system if it 
accelerates to high speed, which results in voltage 
collapse.  
In [3], investigates the stability improvement of a grid 
connected fixed speed wind farms following 
disturbances such as faults, using braking resistors 
along with reactive power compensation devices.     
In [4], analyzes the influence of the insertion of 
resistance in the rotor of induction machines during 
voltage sags to improve its operation. 
In [5], presented as, voltage stability is a key issue to 
achieve the uninterrupted operation of wind farms 

equipped with squirrel cage induction generator 
(SCIG) during grid fault. A Static Synchronous 
Compensator (STATCOM) is applied to a power 
network which includes a SCIG driven by wind 
turbine, for steady state voltage regulation and 
transient voltage stability support. 
 
1.1 Transient Stability of Induction Generator 
Basically equal area criterion is use to analyze the 
transient stability of synchronous generator but in 
case of induction machine it is analyze by using 
torque slip characteristics due to its asynchronous 
nature. Steady state torque-slip characteristic is 
shown in Fig. 1. 
 
During unstable operation of machine, electrical 
torque is less than that of mechanical torque which 
leads to rotor instability which is given by equation 
(1) 

dt
dJTT em


      (1) 

 

 
Fig. 1 Steady state torque-slip characteristics of induction 

generator 
 
1.2 Electrical Torque in Plugging Mode 
From Fig. 2 at the operating slip of S1, the machine 
Where,    
Tm: Mechanical Torque 
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Te: Electrical Torque 
J: Moment of Inertia 
ω: Rotor Speed 
 
For this stability improvement, successful solution 
are those that can amplify electrical torque over 
mechanical torque .Therefore by using plugging, 
operating mode of machine changes from generating 
to plugging which prevent the generator from further 
acceleration. In plugging two phases of three phase 
supply get interchange which opposes the rotating 
flux and mechanical torque which decreasing the 
rotor speed. Generates less electrical torque in the 
plugging mode than in the generating mode. This 
makes system more unstable according to equation 
(1), due to that the machine accelerates much faster in 
plugging mode than in generating mode. 
 

 
Fig. 2 Electromagnetic torque of induction machine in plugging 

and generating modes 
 
To overcome this problem property of induction 
generator is use in which the slip at which maximum 
torque occurs is proportional to resistance. 
But in case of squirrel cage induction generator 
having less value of resistance therefore it cannot 
enhance electrical torque in plugging and becomes 
more unstable. In case of double cage rotor having 
more outer cage resistance which enhance the 
electrical torque in plugging and makes the system 
stable.        
 
II. DETAILS SYSTEM DEVELOPMENT   
 
2.1. Case Study 
System studies of induction generator are carried out 
by using MATLAB/Simulink. The power system 
model used for system development Fig. 3.  

 
Fig. 3 Schematic diagram of simulated system 

 
In this; three 0.015 MW induction machines with an 
output voltage of 400V are presented. The induction 
machine is coupled to the 20 KV transmission line 

with the help of 0.2 MVA step up step down 
transformer. A three phase to ground fault is produce 
at the center of line at 0.7 and it is cleared at 0.9s. 
The mechanical input Torque to the induction 
generator is set at 1 p.u. througout study for transient 
stability analysis of the system three tests are 
performed which are shown in below Table 1. 
In the first test, machine A remains in generating 
mode in this test plugging mode is not use. Machine 
A is equipped with ordinary squirrel cage. 
In second test, in machine B plugging mode is use for 
the interval of 0.91 to 0.93 s, the operating mode of 
machine changes from generating to plugging mode 
and again after plugging mode machine returned to 
the generating mode. 
In third test, squirrel cage induction machine with 
double cage rotor is use with plugging mode 
operation for interval 0.91s to 0.93 s and return to 
generating mode again. 
 

Table 1: Summary of test report 

 
 

 
 
III. RESULTS AND DISCUSSION 
 

 
Fig. 4 Rotor speed of machine A,B and c 

 
Fig. 4 shows, rotor speed of machine A denoted by 
green line, machine B denoted by yellow line and 
machine C denoted by red line is shown. In this fault 
is occur at 0.7 sec after that rotor speed increasing but 
when fault clears at 0.9 machine A and B becomes 
unstable. From this result it is seen that plugging to 
double squirrel induction generator becomes stable by 
using plugging mode operation after fault clearance. 
Machine A becomes unstable but it has a better 
performance than that of machine B. 
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Fig. 5. Electromagnetic torque of machine A, B and C 

 
In Fig. 5, Torque of machine A, B and C is shown. 
From this we can say that again machine C becomes 
stable after plugging mode operation and it enhance 
its electrical torque over mechanical torque up to 2.5 
p.u. and becomes steady state. But in case of machine 
B which become more unstable than that of machine 
A, because at lower value of resistance  machine B 
cannot enhance electrical torque in plugging mode 
operation and become more unstable than machine A. 
 

 
Fig.  6. Rotor current of machine A 

 

 
Fig. 7.  Rotor current of machine B 

 

 
Fig. 8. Rotor current of machine C 

 
From Fig. 6, Fig. 7 and Fig 8 shows that the 
frequency of rotor current of machine B becomes 
more than that of machine A. Because the rotor speed 
of machine B tremendously increasing than that of 
machine A. Machine C becomes steady after 
plugging mode when fault clears at 0.9 sec after 
plugging mode operation. 

 
Fig. 9. Reactive power of machine C. 

 
In Fig. 9, reactive power of machine C is shown, after 
plugging mode operation reactive power absorb by 
induction generator becomes decrease and become 
stable as that of before. 
Therefore it can say that plugging is efficient only at 
one condition that during plugging frequency, 
resistance should be high enough. Due to which 
plugging at lower value of rotor resistance in 
plugging frequency become more unstable than that 
of machine A which is in generating mode. 
 
CONCLUSIONS 
 

1.  Simulation results shows that plugging mode 
operation is able to stabilize the induction 
generator to the steady state after three phase 
fault on transmission line. 

2. Using the plugging mode can be useful just in a 
condition that the resistance of the rotor bars in 
the plugging frequency is big enough. Thus, for a 
machine with small resistance of rotor bars, 
staying in the generating mode results in better 
performance. 

3. In case of plugging mode operation along with 
rotor speed of IG, rotor current and 
electromagnetic torque also stabilized to steady 
state condition from transient state. 
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