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Abstract 
 
This paper provides an optimized STATCOM control for wind electric 
generator. The transient behavior of fixed-speed wind farms can be 
improved by injecting large amounts of reactive power during the fault 
recovery. This application requires a high dynamic converter, which 
must also be capable of working under transient unbalanced 
conditions. The reactive power demand by squirrel cage wind electric 
generator (SCWEG) during grid faults is not met by capacitor banks 
installed near SCWEG. This paper analyses the transient stability 
margin of SCWEG which can be increased to a great extend by means 
of STATCOM. Here the application of Static Compensator (D-
STATCOM) for restoring the voltage level at the Wind Farm terminals 
under fault conditions is considered. Simulation is done in MATLAB 
SIMULINK for various conditions and measurement results for both 
real and reactive power confirm that the STATCOM provide clear 
transient stability margin increase. 

 
1. Introduction 
The increasing demand for electric power combined with depleting natural resources 
has led to the substantial improvements in the usage of renewable energy systems such 
as wind and solar especially among the developing countries. Wind power is 
increasingly being viewed as mainstream electricity supply technology. Grid-
connected wind electricity generation is showing the highest rate of growth of any 
form of electricity generation, achieving global annual growth rates in the order of 20 - 
25%. 
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Because of so many advantages, Squirrel Cage Wind Electric Generator (SCWEG) 
is mostly used for getting electrical power from wind turbines. One of the major issues 
concerning this type of generator interconnected to the power grid is voltage instability 
problem. It occurs in a power system when the reactive power demand by SCWEG 
during grid faults and heavy loading conditions is not met by the capacitor banks 
installed near SCWEG .When the SCWEG is tripped from the grid, the situation will 
still become worse resulting in a very low voltage in the grid. So power system 
operators need the wind turbines not to get disconnected from the grid during grid 
faults. Voltage source static VAR compensator such as the STATCOM can be used 
with directly connected asynchronous wind generators. 

Transient stability is the ability of the power system to maintain stability when 
subjected to a severe fault. The system response involves large excursions of rotor 
angles and is influenced by non-linear power angle relationship. Stability depends on 
both the initial operating state of the system and the severity of the disturbance. 
Disturbances of widely varying severity and probability of occurrence can occur on the 
system. The power system is usually designed and operated so as to be stable for 
certain set of contingencies. In transient stability studies period of interest is restricted 
to 3 to 5 seconds following the disturbance, although it may extend to about ten 
seconds for very large systems with dominant inter area modes of oscillation.  

The STATCOM has been reported to have the capability to regulate voltage, 
control power factor, and stabilize power flow. In this paper the STATCOM is 
analyzed from the point of view of its potential to increase the transient stability 
margin of Squirrel cage wind electric generator. This margin is the length of fault that 
the wind generation is capable of riding through without losing its stable operating 
conditions. 

 
2. Control of STATCOM  
2.1. STATCOM 
STATCOM is a static synchronous compensator operated as shunt connected static 
VAR compensator whose inductive or capacitive output current can be controlled 
independent of AC system voltage.  

 

 
Fig. 1: A functional model of a STATCOM. 
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The STATCOM is having higher dynamic response than the SVC and no 
additional filter network is needed for STATCOM like SVC. In SVC we have to use 
capacitor banks to generate capacitive current and inductive banks to generate current, 
where a STATCOM will alone generate capacitive and inductive current. Under light 
load conditions, the controller is used to minimize or completely diminish line 
overvoltage; on the other hand, it can also used to maintain certain voltage levels under 
heavy loading conditions.  

 
2.2. Stability Limit of SCIG in Wind Turbine System 
In order to theoretically analyze the transient stability limit of grid-connected SCIG, a 
three-phase short-circuit fault at the generator stator terminal is considered as a large 
electrical disturbance, the steady state torque-slip characteristic is used. The first-order 
motion equation can be described as 

 

2H  = 푇푒 − 푇푚                              (1) 
 
Where H is the sum of constant inertia of the rotating mass in per unit; s is the slip 

of SCIG; e is the electromagnetic torque of SCIG; Tm is the input mechanical torque 
from the wind turbine.  

 

 
Fig. 2: Torque-slip and time-slip curves for three phase short-circuit fault. 

 
At the steady-state condition, the electromagnetic torque, Te, is equal to the 

mechanical torque, Tm, and the machine is operating at the slip. Immediately after the 
fault occurs, Te would be zero (if the electrical transients are ignored), while the slip 
remains at so. Thus, there is a net accelerating torque and the slip gradually increases 
according to the above equation. If the fault is cleared at a slip sl, then Te is assumed to 
increase instantaneously. 

 
2.3. Synchronous Reference Frame Strategy 
Out of different control strategies, more efficient method of controlling the 
STATCOM is by the synchronous reference frame strategy, which uses co-ordinate 
transformations to generate the current reference. It employs the well known Clarkes 
Transformation and Parks Transformation for this purpose. 
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Though, the transformations remind us of the primitive machine model concept, it 
may be noted that here there is no need to satisfy the condition of Power Invariance as 
the transformations are employed just to reduce the computations involved in 
generating the current reference and not to develop any equivalent system. Once the 
controller output is obtained, reverse transformations are employed to transform the 
quantities back to the actual three-phase system. 

 
3. Simulation   Study  and Results 
The performance of Wind Electric Generator under the effect  of STATCOM using 
MATLAB/SIMULINK shows the schematic configuration of the system under 
consideration for compensation with STATCOM. It consists of a grid to which both 
STATCOM and wind mill is connected. The wind electric generator acts as a load 
requiring variable reactive power. Whenever the real power supplied by the wind mill 
changes according to the wind speed, its reactive power requirement also changes. We 
can analyse the system behavior by simulating symmetrical and unsymmetrical faults 
with and without STATCOM. 

 
Fig. 3: Grid connected Squirrel Cage Wind Electric Generator. 

 
3.1. Simulated Waveforms 
A.)  Without STATCOM 

 

 
Fig. 4: Real (a) and Reactive (b) power under three phase fault without STATCOM. 

 
 The results under three phase to ground fault condition for 200ms at PCC without 

STATCOM is shown here. A three phase to ground  fault is simulated and the  voltage 
at PCC (Vpcc) is 1 p.u before fault, dips to 0 p.u and after the fault is cleared restores 
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to 1p.u. During fault, induction generator speed oscillates between 130 to 190rad/s and 
restores to original value of 159 rad/sec in 1.25 sec from the instant of fault. 
Electromagnetic torque (Te) oscillates between +0.5e4 to -0.4e4 Nm during fault and 
restores to 1500Nm after fault .A 150ms three phase to ground fault is simulated at 
PCC. Before fault, Vpcc, and Te are respectively 1p.u,158.5rad/s and 1500Nm.During 
fault, the Vpcc reduces to 0 p.u and continues to increase and becomes unstable. Vpcc 
and Te settle at respective values of  0.7 p.u and 400Nm after the fault is cleared. 

 
B.) With STATCOM 

 
Fig. 5: Real (a) and Reactive (b) power under three phase fault with STATCOM. 
 
The results under three phase to ground fault condition for 200ms at PCC with 

STATCOM is shown here. A three phase to ground  fault is simulated with the usage 
of STATCOM and the variation of  real and reactive power  occurs slowly that means, 
both the real and reactive power remain to be stable for more time by the usage of 
STATCOM  and Vpcc dips to zero during fault and regaining to 1 p.u after the fault 
clearance. Speed oscillates between 135 and 185 rad/s and settles to 158 rad/s. During 
fault, the DC voltage increases to 800V and reduces to 450V. After the fault, DC 
voltage regains to 600V. Finally we can say that the transient stability margin 
increased by about 500ms with the usage of STATCOM. 

 
4. Conclusion 
In this paper, STATCOM has been proposed for the improvement of  transient  
response of SCWEG under different  types of fault conditions and thereby improves 
the fault ride through capability of WEG. From the simulation results we can conclude 
that, for all types of faults, the real and reactive power variations are identified with 
and without STATCOM, and hence stability margin can be increased to a great extend 
by the usage of STATCOM. Static Compensator also maintains stability of the power 
system. So that, it can be concluded that  STATCOM is a perfect candidate for 
improving ride through capability of SCWEG which is the necessary requirement to 
meet new grid codes when integrating renewable energy to the grid.  
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