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Abstract - Recently the wind power generation has attracted special interest and many wind power stations are being in service in the 
world. In the wind turbine that mostly uses induction generators, tend to drain large amounts of Vars from the grid, potentially 
causing low voltage and may be voltage stability problems for the utility owner, especially in the case of large load variation on 
distribution feeder. Voltage-source converter based various FACTS devices have been used for flexible power flow control, secure 
loading and damping of power system oscillations. Some of those are used also to improve transient and dynamic stability of the 
wind power generation (WPGS). 
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I. INTRODUCTION  

 One way of generating electricity from renewable 
sources is to use wind turbines that convert the energy 
contained in flowing air into electricity. The main 
advantages of electricity generation from renewable 
sources are the absence of harmful emission and in 
principle infinite availability of the prime mover that is 
converted into electricity [1]. Due to clean and 
economical energy generation, a huge number of wind 
farms are going to be connected with existing network 
in the near future. Induction generator (IG) is widely 
used as wind generator due to its simple, rugged and 
maintenance free construction [2]. An Induction 
generator connected with a wind turbine to generate 
electricity is the sink of reactive power. Therefore, the 
compensation of reactive power is necessary in order to 
maintain the rated voltage on the network to which the 
wind farm is connected. Voltage instability problems 
and collapse typically occur on power system that is not 
able to meet the demand of reactive power, for 
considering heavy loads and fault conditions. When the 
wind farms are connected to a weak network, the 
voltage stability is one of the most important factors that 
affect the wind farm’s stable operation [1]. Both normal 
and fault condition operation of wind farms can be 
optimized by using FACTS devices such as SVCs (static 
Var Compensator) and STATCOMs (Static 
Synchronous Compensator) [3]. STATCOM provides 
shunt compensation in a way similar to the SVC, but 

utilizes a VSC rather than shunt capacitors and reactors. 
A STATCOM can control voltage magnitude and, to a 
small extent, the phase angle in a very short time, and                   
therefore has the ability to improve the system damping 
as well as the voltage profile of the system [4]. This 
paper demonstrate the performance of static 
synchronous compensator (STATCOM) based on 
voltage source converter (VSC) PWM technique to 
stabilize grid connected squirrel cage wind generator 
system under various system conditions. The dramatic 
increase in the penetration level of wind power 
generation into power system as a serious power source 
has received considerable attention. One of the major 
concerns related to the high level penetration of the 
integrated wind turbines is the impact on the power 
system stability. As the penetration level of wind power 
in power systems increases, the overall performance of 
the system will increasingly be affected by the inherent 
characteristics of wind power generators. 

II. DYNAMIC STABILITY OF GENERATOR 
AND CONTROL 

Dynamic stability of generator and control 

 The impact of the wind power on the stability and 
transient behaviour of the power systems : 

 During a short circuit fault, the short circuit current 
will result in voltage drop at the wind turbine terminal. 
Due to the voltage dip, the output electrical power and 
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the electromagnetic torque of the wind turbine are 
significantly reduced, while the mechanical torque may 
be still applied on the turbine. Consequently, the turbine 
and generator system will accelerate due to the 
unbalanced torque. 

 After the clearance of the fault, the voltage of the 
power system tends to recover, however, the reactive 
power is required to recover the air-gap flux of the wind 
power generator. This could cause an inrush current to 
be drawn by the wind turbine from the power system, 
which in turn causes a voltage drop in the power system 
and at the wind turbine terminal 

Model System and Initial Conditions 

 The model system used for simulation of the 
transient stability of power system is shown in Fig.1. 
The System configuration considered for investigation 
consists of one synchronous generator (100 MVA 
hydro-generators, SG) is connected to infinite bus 
through a transformer and double circuit transmission 
line. One Wind farm (Induction Generator 50 MVA, IG) 
is connected with the network via a transformer and 
transmission line. Though a wind power station is 
composed of many generators practically, it is 
considered to be composed of a single generator with 
total power capacity in this paper. There is a local 
transmission line with one circuit between the main 
transmission line and a transformer. Initial conditions 
are calculated in PSCAD/EMTDC in which the 
synchronous generator is treated as P/V specified 
generator and the induction generator is treated as a 
P/V/Q specified one. The specified values are shown in 
fig.1. A capacitor bank has been used for reactive power 
compensation at steady state. The value of capacitor C is 
chosen so that the power factor of the WPGS becomes 
unity. Table 1 and Table 2 show parameters and initial 
conditions of each generator. A double squirrel-cage 
induction machine model, which is represented by a 
steady state equivalent circuit shown in fig.2. (Where s 
is the slip) Main flux saturation of the induction 
generator is considered in the simulation. Fig.3 shows 
the saturation characteristic of the main flux Ψm with 
respect to the magnetization Xmu Imu, where Xmu 
denotes the unsaturated magnetizing reactance and Im 
denotes the magnetizing current.  

 AVR and governor control systems are considered 
in the Synchronous generator model shown in fig.4 

 The mathematical relation for the mechanical power 
extraction from the wind can be expressed as follows. 

Pw= 0.5ρΠR2Vw
3Cp(λ, β) 

 Where, Pw is the extracted power from the wind, ρ 
is the air density [Kg/m3]. R is the blade radius[m]. Vw is 
the wind speed [m/s] and Cp is the power coefficient 

which is a function of both tip speed ratio, λ and blade 
pitch angle, β [deg]. 
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Fig. 1 : Model System (100MVA, 50Hz) 
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IV.  SIMULATION ANALYSIS 

 For simulation purpose a 3LG fault is considered to 
occur at point F as shown in above Fig.1. The fault 
occurs at 0.1sec, the circuit breaker (CB) on the faulted 
line is opened at 0.2 sec and at 1.0 sec the circuit 
breakers are closed. The simulation time step and total 
simulation time are chosen 0.00005sec and 10sec 
respectively. Simulations have been done by 
PSCAD/EMTDC [2].In this system, steady state and 
transient performance of STATCOM connected WPGS 
are demonstrated. The reactive power is needed to 
supply from the network to the stator winding of the 
induction generator to establish the rotating magnetic 
field of he stator. At steady state capacitor bank is 
inserted at IG terminal to compensate the reactive 
power. When STATCOM is connected with WPGS then 
the capacitor value is decreased by 25%. The rest of the 
reactive power is supplied by the STATCOM. The 
analysis of transient performance of STATCOM 
connected WPGS system is done and response of 
terminal voltage, rotor speed are as shown in fig.7 & 
Fig.8 respectively. It is clear that using STATCOM with 
25% decreased capacitor bank can make the IG stable 
after occurrence of the fault. But only with capacitor 
bank at rated value, IG is unstable. So STATCOM can 
improve the transient performance of WPGS. It is 
noticeable that he PI Controller improves the transient 
performance of STATCOM connected (Wind power 
generation system (WPGS).When wind speed is above 
the rated speed, the PI controller is used to maintain the 
output power of wind generator at rated level.  

V.  CONCLUSION 

 Reactive power consumption and poor voltage 
regulation under varying speed are the major drawbacks 
of the induction generators, but the development of 
static power converters has facilitated the control of 
output voltage of induction generator. The FACTS 
device increase power handling capacity of the line and 
improves transient stability as well as damping 
performance of the power system. The static 
synchronous compensator (STATCOM) consists of 

shunt connected voltage source converter through 
coupling transformer with the transmission line. 
STATCOM can control voltage magnitude and to a 
small extent , the phase angle in a very short time and 
therefore has ability to improve the system damping as 
well as voltage profile of the system. Besides this, it can 
enhance the transient performance of WPGS as well as 
entire power by certain percentage when severe network 
disturbances occur in the power system[2].It is clearly 
presented that, Wind Power Generation System 
connected with PI controller equipped STATCOM is 
transiently more stable. So, it is recommended to 
connect STATCOM with Wind Power Generation 
System as it can improve both Steady State as well as 
transient response of the entire Power System. 

VI. SIMULATION RESULTS 

 
Fig. System without  Fault 

 
Fig. System With IG 
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Fig. System with 3LG Fault 

 
  Fig. System With IG & 3LG Fault 

 
Fig. System With IG & Capacitor bank 

 
Fig. System With IG & Fault  including STATCOM 

 
Fig. System With IG & Capacitor   bank & Fault 

 
                    Fig. System With IG & STATCOM only 
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