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Objectives 
 

• Integration issues with DFIG at H.V level 

• Use of Grid Side Converter for reactive power compensation 

• Enhancement of power quality of grid 
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Justification  
 

• Significant share of RE across country and around the globe 

• RECs are location dependant , requires large capacity grids 

• Impact  of RECs on grid 

• Use of Grid Side Converter 
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Share of Renewable Sources [India]  
Coal

Hydro

Renewable

Gas

Diesel

Nuclear

Source Installed Capacity (MW) % Share 

Coal 185,993 61.4% 
Hydro 42,783 14.1% 

Renewable 42,849 14.1% 
Gas 24,509 8.1% 

Diesel 919 0.3% 
Nuclear 5,780 1.9% 
Total 302,833 

Source : RES MNRE ( As of 30th April 2016) 

Renewable  
Source Installed Capacity (MW) % Share 

Wind power 27441 61% 
Solar power 8062 18% 

Biomass power 4860 11% 
Waste to power 115 0% 

Small hydro power 4304 10% 

Wind power

Solar power

Biomass power

Waste to power
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Integration Issues 
 

 VAR control 
 Power factor control 

 
 Low Voltage Ride Through [ LVRT] 

 Fault on grid side 
 

 Impact on power quality  
  Due to use of Power electronics converters 
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Work Done 
1. Modelling of test grid 

 Behavior of grid under normal condition 
 Grid on variable loading condition (No load to full load) 
 Behavior of grid under faulty condition  
 Calculations of short circuit  

 
2. Modelling of Doubly Feed Induction Generator [DFIG] 

 Power output on variable wind speed 
 Power output on variable number of turbines 
 

3. Use of grid side converter as power quality improvement 
device. 
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1. Modelling of Grid 
 

 

Equations for Calculation of Grid Parameter : 
• Short circuit data calculation  

•  For Transformer and motor MVAs/c =  MVA / %Z 
•  For Generator  MVAs/c =  MVA / %Xd  
•  For Cable and reactor MVAs/c =  KV^2 / %Z 
•  For Series circuit  MVAs/c = (MVA1*MVA2) / MVA1 + MVA2 
•  For Shunt circuit  MVAs/c = MVA1 + MVA2 

 
• Generator sub-transient reactance %Xd = 10%-20 % 

• For transformer % impedance %Z (as per table) 

         
 

 
 

 

kVA rating % Z 

125 – 2500 5 % 

2500 – 4000 10 % 

> 100000 [ 100MVA ] > 12.5 % 

As per IEC 60076-5 
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Simulation of Grid Model [W/O DFIG] 
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Results-[ Grid on variable load , W/O RECs] 
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2. Modeling of DFIG system 
 

 
 

 
 

 
 

Wind turbine data 
Turbine electrical power [P] 2100 kW 
Nominal system voltage [V] 690 V 
System frequency  [f] 50 Hz 
Stator resistance [Rs] 0.1748 Ω 
Rotor resistance [Rr] 0.0325 Ω 
Stator leakage inductance [Ls] 0.0259 H 
Rotor leakage inductance [Lr] 0.0260 H 
Mutual Inductance [Lm] 0.0249 H 
Number of poles [p] 6   
Air density [ρ] 1.25 Kg /m^3 
Radius of rotor [R] 33 m 
Generator moment of inertia [J] 139 Kg m^2 
Rated wind velocity [Vm] 12 m/s 
Ref : Modeling and Control of a DFIG-Based Wind Turbine 
During a Grid Voltage Drop -- ETASR [ Vol 1 , No5 ,2011, 
121-125] 
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Equations for DFIG model  
• Actual power of wind [Pw] = ½ * π * ρ *  R2 * V3   

• Mechanical power [Pm] = Cp * Pw 

• Coefficient of performance [Cp] =[( 0.44-0.0167 β)( Sin ( π (ƛ-2) )]/ [(Vm-0.3 β))  – 0.00184 (ƛ-2) β] 

• ƛ = R * Wt / Vm 

• Air density [ρ] =  Pa / (Rg* T) 
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Equations of  Parks transformation [ ABC to DQ] 
 
 
 
 
 

Inverse parks transformation [DQ to ABC] 
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Results-[Output_DFIG Model w.r.t Variable Wind Speed] 

• Ddgxbxdghds 
• Dsg dsgds 
• Sdgdsgds 
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Simulation of Grid Model [With DFIG] 
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Results-[Grid (V&I) With & Without DFIG] 
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Low Voltage Ride Through 
 

System voltage 
[kV] 

T 
[mili.sec] 

400 110 

220 160 

132 160 

110 160 

66 300 

Country Time period 
 [for KV 
>200kV] 

India 160 ms 

China 150 ms 

Europe  500ms 

African courtiers  625ms 

Ref : Indian Electricity Grid Codes [ IGEC] ,  
        Effective from 1st ,April 2010 , CERC . 
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•Closing of Large 
loads  like heavy 
motors , etc.. 

Voltage 
Deep 

•Sensed by 
under voltage 
relay 

Raise “ No grid” 
signal •Wait for few 

cycles [ Time 
period defined 
by grid codes ] 

Still Fault not 
Cleared ? 

•Disconnection 
of power plant 
until voltage 
raise 

Power Plant 
Disconnected  

•Closing of Large 
loads  like heavy 
motors , etc.. 

Voltage 
Deep 

•Sensed by under 
voltage relays  

Raise “ No 
grid” signal 

•Disconnection of 
power plant 
immediately until 
voltage raise 

Power Plant 
Disconnected  

Conventional System  

System with LVRT 
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Sensing of Voltage drop  
[In the range of 85% to 
15% of nominal system 

voltage] 

 
 
 
 

Wait for 
20ms 

Calculation 
of % 

voltage 
drop 

Provide reactive current for 
each % of voltage drop 
[2% of rated current for 

each voltage drop] 

Provide  
reactive  
current  
For 160ms 

If voltage do not pick up to 85% 
after 3 minutes, than trip, else stay 

connected. 

If system voltage dose not 
pick up till 160ms than trip 

, else provide reactive 
current in proportional to 

% voltage drop. 

Flowchart of LVRT 
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LVRT Simulation Circuit 
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Results of LVRT 
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Harmonic Analysis Results  

•    POOR POWER QUALITY 
Measured at 220KV grid side PCC 

FFT without DFIG [1.57%] FFT with both GRID-DFIG [ 4.05 %] 
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3. Use of Grid Side Converter  
• Use of Grid Side Converter for PQ improvement  

 Wind turbine converter  ==  AC-DC-AC system 

 Similar to STATCOM 
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Schematic Diagram      Simulation Circuit 
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Harmonic Analysis Results 

 

 

FFT with Grid only 
1.57% 

     FFT with Grid and DFIG 
4.06% 

 

 FFT with Grid, DFIG and GSC as APF 
2.03% 
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Pros and Cons  
Pros :  

• Harmonic mitigation from generator itself 

• On additional cost  

Cons : 

• Low capacity 

• Only with AC-DC-AC converter 
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Conclusion 
• Results show that the proposed GSC system can provide solution for both the LVRT and 

harmonics generation.   

• With this system, the DFIG can inject reactive current in to grid during grid faults and 

contribute to the recovery of the system voltages.  

• The GSC circuit can also be used as active harmonics filtering circuit to reduce the harmonics 

generated from DFIG itself and from the grid. 

• The filtering capacity is limited to only 15 % to 20% of the DFIG rating because of the lower 

rating of the GSC circuit.  
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Thank you 
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