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Type-3 Wind Turbine Model (PSCAD v4.5) 

Written for PSCAD v4.5 

1 General Simulation Description of the Overall System 

Load the library (i.e. v45_compatible.pslx) and simulation cases (i.e. Type3_4_5_Detailed.pscx and 
Type3_4_5_Average.pscx) (in that order) into PSCAD. The workspace will be similar to what is shown in 
Figure 1 with the name of the simulation and the hierarchy tree of the modules exist in each simulation 
case. 

Click on the simulation case (Type3_4_5_Detailed.pscx or Type3_4_5_Average.pscx) to see the hierarchy 
tree of the modules. To realise what are the modules in the simulation and navigate into them easily, 
the hierarchy tree is useful and shows the custom modules (the modules that are not from Master 
Library) in the simulation. For example we can see that in the main canvas there are two custom 
modules: Fault and Type3_WTG. Click on names of each module to navigate into it. 

Note 
The library should be listed first (above the PSCAD cases) in the hierarchy tree, as is shown in the 
workspace in Figure 1. 

 
 

(a) (b) 

Figure 1: Workspace and hierarchy tree of modules 
(a) for simulation case Type3_4_5_Average 
(b) for simulation case Type3_4_5_Detailed 

Click on the module named “DFIG_Converters_Average” in Figure 1 (a) to see the converter circuit 
shown in Figure 2 (a). Also click on the module named “DFIG_Converters_Detailed” in Figure 1 (b) to see 
the converter circuit shown in Figure 2 (b).
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(a) 

(b) 

Figure 2: The converters of the Type-3 wind turbine; (a) average 
and (b) detailed converter models 

 

2 General Description of the Type-3 Wind Turbine 

Figure 3 shows the overall power system in which a wind turbine Type-3 is connected to an equivalent 
voltage source representing a grid. The short circuit ratio of the grid is 10 which represent a strong 
system. The scaling component is used to model a wind farm of several units.  

 

Figure 3: Overal power system with Type-3 wind turbine (WT) 
and equivalent current source 
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Figure 4 shows the Type-3 wind turbine in which the power electronic converters are implemented by 
their semiconductor switches (in detailed).  More thorough description of this component will be given 
in the next section.  

 

 
(a) (b) 

Figure 4: Type-3 wind turbine (a) the wind turbine component (b) the input parameters 

Figure 5 shows the scaling component that represents the aggregated wind farm. In this example the 
wind farm has 60 units. The output current of the wind turbine is multiplied by the number of units (n = 
60) and injected to the power system through current sources. A damping inductance is used to surpass 
the voltage oscillations in the system. The inductance value must be adjusted if the power systems 
configuration, short circuit ratio of the source or voltage levels are changed to maintain simulation 
stability. 

 
 

(a) (b) 

Figure 5: Scaling component to aggregate wind farm (a) the component  
(b) the input parameter 
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Figure 6 shows the fault component where the following controls are available: 
i. Fault: the fault can be enabled or disabled 
ii. Fault Type:  positions 1, 2,3 and 4 stand for Phase A to Ground, Phase A and B to Ground, Phase 

A to B, and Phase ABC to Ground faults respectively 
iii. Fault Impedance: the impedance of the fault can be varied  
iv. Fault Time: the inception time of the fault can be modified in the simulation 

 

 
(a) (b) 

Figure 6: (a) Fault component (b) Controllers 
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3 General Description of Type-3 wind turbine 

Type-3 wind turbine generator (WTG) also known as Doubly-Fed Induction Generator (DFIG) [1] is 
presented in this section [1]. It is described in the form of two separate systems - mechanical and 
electrical – as shown in Figure 7. The mechanical system extracts the maximum available power from 
the wind and yields mechanical torque. The electrical system, converts the mechanical torque to the 
electrical one and thus electric power. The interface between mechanical and electrical systems is the 
induction machine (IM), which converts the mechanical energy into electrical energy. The mechanical 
and electrical systems shown in Figure 7 are represented by the following components. 

i. Mechanical System consists of (described in section 4): 
a. Wind Turbine 
b. Pitch Angle Controller 

 
ii. Electrical system consist of (described in Section 5):  

a. Grid-side Converter and Controls 
b. Rotor-side Converter and Controls 
c. DC-link Chopper Protection 
d. Crowbar Protection 
e. Low Pass Filter 

 

Figure 7: Electromechanical system of wind turbine 
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4 Mechanical Model 

4.1 Wind Turbine Component 

The wind turbine (WT) component shown in Figure 7 models the mechanical dynamics and pitch 
controller. The main function of the wind turbine is to extract maximum power from available wind 
without exceeding the rating of the equipment. Some limitations exist at zero-power operation – when 
the wind speed is lower than 4 m/s, and when there is excessive wind, with wind speeds higher than 
25m/sec. The nominal wind speed is 11m/s. 

Table 1 describes the input and output parameters of the wind turbine component. 

Table 1: Input/output signals of the wind turbine model 

Inputs 

Symbol Definition values 

Start Enabling signal when IM connected to the grid this signal starts the wind turbine  

W0 Initial mechanical speed of Induction machine  [pu] signal 

Vw Wind speed [m/s] signal 

Wm Measured mechanical speed of IM [pu] signal 

Ppu Measured mechanical power of IM  [pu] 5.5 

Outputs 

Tm Mechanical output torque of the wind turbine [pu] signal 

Pref Mechanical output power of the wind turbine [pu] signal 
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Figure 8 shows the model and its parameters. 

 

 
(a) (b) 

Figure 8:  Wind turbine model: (a) the component and (b) parameters 
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4.1.1 Wind power model 

The mechanical power of wind turbine obtained from the wind energy can be calculated based on the 
following formula [1]: 

𝑃 =
𝜌 

2
× 𝐴𝑟 × 𝑉𝑊

3 × 𝐶𝑝(𝜆, 𝜃) (1) 

Where 

P: mechanical power extracted from the wind turbine; 

ρ: air density in 
𝑘𝑔

𝑚3; 

𝐴𝑟: area swept by the rotor blades in m2; 

𝑉𝑊: wind speed in  
𝑚

𝑠𝑒𝑐
; 

λ: tip speed ratio 

θ: pitch angle 

𝐶𝑝: power coefficient, which is function of  λ and θ 

𝐶𝑝 is a characteristic of the wind turbine that is usually provided by the manufacturer as a set of curves 

relating 𝐶𝑝 to λ with θ parameters. 

Under the steady state conditions, the definition of the tip-speed ratio is given by: 

𝜆 =
𝑊𝑡𝑢𝑟𝑏 × 𝑅

𝑉𝑊
=

2𝜋 × 𝑛𝑡𝑢𝑟𝑏 × 𝑅

𝑉𝑊
 (2) 

 

The PSCAD implementation of (2) is shown in Figure 9. 

 

Figure 9: Tip-speed ratio calculation 
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The calculation of the power coefficient used in this example follows the Cp curves provided in [2]. The 
Cp calculation is given in terms of a fourth order polynomial of the following form:  

𝐶𝑝(𝜃, 𝜆) = ∑ ∑(𝛼𝑖,𝑗 ∙ 𝜃𝑖 ∙ 𝜆𝑗)

4

𝑗=0

4

𝑖=0

 (3) 

 

The curve gives a good approximation for values of 3 < λ < 15 and negative Cp are limited to 05.0 . The 
αi,j can be represented as a 5x5 matrix using 25 coefficients, as shown in Figure 10. 

 

 
Figure 10:  Look-up table for polynomial function of Cp. 

An alternative approach to obtain Cp taken from [1] is also provided in the turbine mechanical model:  

𝐶𝑝(𝜃, 𝜆) = 𝐶1 (
𝐶2

𝜆𝑖
− 𝐶3𝜃 − 𝐶4) 𝑒

−
𝐶5
𝜆𝑖 + 𝐶6 ∙ 𝜆 (4) 

with   
1

𝜆𝑖
=

1

𝜆+0.08∗𝜃
−

0.035

𝜃3+1
  

and C = [0.5176, 116, 0.4, 5, 21, 0.0068] 
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The results of modelling of power coefficient i.e. Cp based on polynomial approximation represented in 
(3) and functional represented in (4) are shown in Figure 11 for 0, 5 and 25 degrees of pitch angle. 

 

Figure 11: Power coefficient as function of pitch angle and tip-speed 

The mechanical wind power (P_aero) and torque (WindTRQ) obtained from wind power are calculated 
by Aerodynamic model of wind turbine shown in Figure 12. The Aerodynamic is represented as two 
dimension equation. 
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Figure 12: Mechanical wind torque and wind torque calculation 

4.1.2 Pitch Angle Controller 

The pitch angle controller has two regions of operation depending on the wind speed: 

i. When the wind speed is below the rated wind speed, the available mechanical power is smaller 
than the rated electrical power of the induction machine. In this region the operating strategy is 
to capture as much power as possible. This achieved by setting the pitch angle to its minimum 
value, normally 0°. 

 
ii. When the wind speed exceeds the rated speed, the available mechanical power exceeds the 

rated power of the induction machine. The power delivered to the electrical system is limited by 
reducing the effective area of the blade. This is achieved by increasing the pitch angle. A typical 
range for the pitch angle is between 0° and 25°. 

 
For lower power levels (low wind speed) the speed reference is calculated using the following equation: 

Wref = -0.75·P2+1.59·P+0.63 (5) 

 
In actual controllers the speed reference is not calculated as a function of the power; however, for 
modeling purposes, the overall effect on the speed/power relationship leads to similar behaviors [2]. 

The PSCAD implementation of the calculation of the speed reference Wref is shown in Figure 13. The final 
speed reference is the minimum of the set point (Wref_sp) and Wref (see equation (4)). 

 

Figure 13: Speed reference calculation 
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The controller loop for pitch angle determination is represented in Figure 14. 

 

Figure 14: Pitch angle controller 

As shown in Figure 14, the controller defines high (cut-off) and low (cut-in) wind speeds for the turbine 
with the Maximum and Minimum pitch angle. Outside this range the pitch angle controller is frozen as 
shown in Figure 15. 

 

Figure 15: Pitch angle limitation 
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5 Electrical Model 

In this document the electrical part of the wind turbine is consist of indication machine and the AC-DC-
AC converter. This document mostly describes the converter and its associations. 

Figure 16 shows the induction machine and its terminal descriptions. The induction machine is started in 
speed control mode as the input ‘S’ is set to 1. The value in input ‘W’ with the speed of the machine set 
to a preselected value ω0. Ideally this speed should be setup close to the final steady state rotating 
speed which is 1.2 pu. When the induction machine is synchronized with the grid the S turns to zero and 
it operates at torque control mode. 

    

 W:  Speed input in per-unit.  When machine is in 
speed control mode the machine runs at W0 speed. 

 S:  A switch to select speed control mode (1) or 
torque control mode (0). 

 T:  Torque input in per-unit.  If the machine is in 
torque control mode then the machine computes 
the speed based on the inertia and damping 
coefficient, the input and output torques 

  

Figure 16: PSCAD Wound rotor machine component: terminal descriptions 
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5.1 AC-DC-AC Converters 

Figure 17 shows the AC-DC-AC converter. The AC-DC-AC converter consists of: 
i. Rotor-side converter,  
ii. Grid-side converter, 
iii. DC-link system, 
iv. Grid-side Control, and 
v. Rotor-side Control. 

 
Also in Figure 17 the other important parts of the system are; 

i. Crowbar protection,  
ii. DC-link chopper, and  
iii. Low pass filter. 

 
The grid-side converter controls the DC bus voltage, while the rotor-side converter controls active and 
reactive powers by controlling the currents of the rotor circuit. In this example both converters, rotor- 
and grid-side, operate as Voltage Source Converters (VSC). 

Note that the rotor-side converter and grid-side converter are modeled as detailed and average model 
and described in the sections 5.1.2 and 5.1.3 respectively.  

The grid-side and rotor-side controllers, described in the sections 5.1.4 and 5.1.5 respectively are 
applied to both detailed and average models. 

The crow-bar circuit is used to protect the rotor-side converter against high current induced from stator 
into rotor during fault events. 

The DC chopper is used to protect the DC bus from over voltages and the A more detailed description of 
these devices is provided in subsequent sections.  

An AC filter is used on the grid-side converter side to remove some of the voltage harmonics of the two-
level converter. 

 

Figure 17: AC-DC-AC converter consists of grid-side, rotor-side converters, chopper, 
DC-Link, crowbar protection and low-pass filter.  
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5.1.1 AC-DC-AC Converters parameters 

This section describes the parameters of the AC-DC-AC converters in Table 2, Table 3, and Table 4. To 
see the parameters right click on the component and select “Edit parameters”. Those parameters in 
tabled that have a signal name as their value can be modified by sliders. Some of these sliders are shown 
in Figure 18. 

  



 
Type 3 Wind Turbine Model (PSCAD v4.5) 

 

Rev.2 Page 16 

Table 2: AC-DC-AC Converters parameters 

Parameter Value Description 

1. General 

Capacitance 18000 [µF] DC bus capacitance 

AC system frequency freq Nominal AC system frequency 

Voltage on high side of 
TRF 

33 [kV] Voltage of the Wind Farm collector system 

2. Machine parameters 

System MW at PCC Pbase The expected full active power at the point of common coupling. This value 
is used as the base active power ‘Pbase’ for per-unitization of quantities 

Machine rating Mrating The MVA rating of the machine. Note that this value should be higher than 
the previous one to account for reactive power consumption of the machine 
and the converter losses 

Machine terminal 
voltage 

0.9 [kV] Nominal voltage of the stator terminals 

Stator resistance 0.005 [pu] Per unit value of the resistance of the stator windings 

Slip_max 0.3 Maximum operating slip of the machine 

Stator/Rotor turns ratio 0.3 Turns ratio between stator and rotor windings 

3. Filter parameters 

Filter Calculation 1 1: uses a generic calculation shown in Appendix 1.  

0: uses the RLC values entered below. 

Cutoff frequency 300 [Hz] Cutoff frequency for the low pass filter 

Cflter 300 [uF] Main filter capacitance 

Cdamp 350 [uF] Damping branch capacitance 

Ldamp 621 [uH] Damping branch inductance 

Rdamp 1.332[ohm]  Filter’s damping resistance 

4. DC chopper 

Activation voltage 1.654 [kV] Chopper hysteresis control activation voltage 

Off voltage 1.605 [kV] Chopper hysteresis control turn off voltage 

Shunt resistor 0.125 [ohm] Chopper resistance 

5. Crowbar protection 

Crowbar enable (1), 
disable (0) 

Crow_Enab  

DC crowbar on voltage 1.75 [kV] Crowbar activation by DC link overvoltage: Activation voltage 

Maximum Irotor Icrow_bar Crowbar activation by overcurrent in rotor circuit: Activation current 

Activation time  Tcrow_bar This time is the duration of crowbar activation  

Crowbar resistance 0.001 [ohm] series resistance of  the crowbar system 

Crowbar inductance 40 [uH] series inductance of  the crowbar system 
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Table 3: DFIG Converters page parameters: Grid-side Converter (GSC) 

Parameter Value Description 

1. General 

De-block signal - A signal should be provided here to indicate when the converter de-
blocks. (0:blocked, 1:de-blocked). When initializing the simulation, this 
transition should happen before the rotor side converter is de-blocked 

Rated MVA MVA_Conv Rating of the grid side converter in MVA. Typically between 20 and 40% of 
the Wind Turbine Generator rating (see eq (6)) 

 

Rated AC voltage 0.69 [kV] Voltage on the AC side of the grid-side converter 

Vdc base 1.45 [kV] Base DC voltage of DC bus 

DC voltage order  Edc_ord DC voltage order in kV 

Reactive power order Q_ord Reactive power order in MVAR 

Current controller 
upper limit order 

1.2 [pu] Maximum current allowed in converter compared to nominal current at 
nominal voltage 

Converter VSC reactor 192 [uH] VSC reactor for grid-side Converter 

Carrier frequency 
multiple 

60 Carrier frequency expressed as a multiple of the fundamental frequency 

2. d-axis control (Real power axis) 

d regulator gain KpdS d-axis PI controller proportional gain  

d regulator time 
constant 

TidS d-axis PI controller time constant 

3. q-axis control (Reactive power axis) 

q regulator gain KpqS q-axis PI controller proportional gain 

q regulator time 
constant 

TiqS q-axis PI controller time constant 

4. DC voltage control 

Edc regulator gain Kp_Edc DC voltage PI controller proportional gain 

Edc regulator time 
constant 

Ti_Edc DC voltage PI controller time constant 

5. Reactive power control 

Q regulator gain Kp_Q_S Reactive power PI controller proportional gain 

Q regulator time 
constant 

Ti_Q_S Reactive power PI controller time constant 

6. PLL control 

PLL time constant  Ki_PLL_Gr Grid side converter PLL integral gain  

PLL gain  Kp_PLL_Gr Grid side converter PLL proportional gain 
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The rating of the grid-side and rotor-side converters are estimated in terms of the maximum operating 
slip: 

 

(6) 

 

where slip_max is the maximum operating slip and Mrating is the WTG MVA rating. 
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Table 4: DFIG Converters page parameters: Rotor-Side Converter (RSC) 

Parameter Value Description 

1. General 

q axis control mode (0: 
Q control 1: Vac 
control) 

0 Define the mode of control for rotor-side controller  

De-block signal DBlk_Rsc A signal should be provided here to indicate when the converter de-
blocks. (0:blocked, 1:de-blocked). When initializing the simulation, this 
transition should happen after the grid side converter is de-blocked 

Rated MVA MVA_Conv Rating of the grid side converter in MVA. Typically between 20 and 40% of 
the Wind Turbine Generator rating 

RatedAC voltage 0.69 [kV] Voltage on the AC side of the grid-side converter 

Active power order Pref_pu Reactive power order in MVAR 

Reactive power order Qref_pu Reactive power order in MVAR 

Current controller 
upper limit order 

1.2 [pu] Maximum current allowed in converter compared to nominal current at 
nominal voltage 

Carrier frequency 
multiple 

37 Carrier frequency expressed as a multiple of the fundamental frequency 

2. d-axis control for start-up 

Kpd_st (startup) Kpd_st d-axis PI controller proportional gain to be used in the pre-synchronization 
phase during start-up 

Tid_st (startup) Tid_st d-axis PI controller time constant to be used in the pre-synchronization 
phase during start-up 

3. d-axis control (Active power axis) 

Kpd_R Kpd_R d-axis PI controller proportional gain to be used in the inner PI controller 

Tid_R Tid_R d-axis PI controller time constant to be used in the inner PI controller 

KpP_PCC KpP_PCC d-axis PI controller proportional gain to be used in the PCC active power PI 
controller. Note that the order for this controller is iPCmd provided by the 
IEC control blocks 

TiP_PCC TiP_PCC d-axis PI controller time constant to be used in the PCC active power PI 
controller. Note that the order for this controller is iPCmd provided by the 
IEC control blocks 

4. q-axis control (Reactive power axis) 

Kpq_R Kpq_R q-axis PI controller proportional gain to be used in the inner PI controller 

Tiq_R Tiq_R q-axis PI controller time constant to be used in the inner PI controller 

KpQ_PCC KpQ_PCC q-axis PI controller proportional gain to be used in the PCC reactive power 
PI controller. Note that the order for this controller is iQCmd provided by 
the IEC control blocks 

TiQ_PCC TiQ_PCC q-axis PI controller time constant to be used in the PCC reactive power PI 
controller. Note that the order for this controller is iQCmd provided by the 
IEC control blocks 

5. PLL control 
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Ki_PLL_DFIG Ki_PLL_DFIG Rotor side converter PLL integral gain  

Kp_PLL_DFIG Kp_PLL_DFIG Rotor side converter PLL proportional gain 

6. AC voltage control  

Vac regulator gain  Kp_Vac AC voltage regulator gain  

Vac regulator time 
constant  

Ti_Vac AC voltage regulator time constant  

Vac max pu  1.1 [pu]  

Vac min pu  0.9 [pu]   

 

 

Figure 18: Controllers order signals and the parameters of PI controllers that can be altered during simulation to 
regulate the controllers 
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5.1.2 Detailed Converter Model 

The detailed model consist of the two-level converters for both grid- and rotor-sides and is developed 
based on IGBT semiconductor switches as shown in Figure 19. 

   

(a) 

 

(b) 

         

(c) 

 
Figure 19: Detailed model: (a) AC-DC-AC converter, 

(b) two level converter used for both grid-side and rotor-side, 
(c) use layers to Enabled the detailed model and disabled average model 
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In these converters three-phase reference voltages are generated using sinusoidal pulse width (PWM) 
generation technique shown in Figure 20. In the case of the average model, the three-phase reference 
voltages are directly used by a set of three controlled voltage sources (one per phase) that replace the 
power electronic converters. Thus, lower simulation time step is required to obtain accurate switching 
transients. 

 

Figure 20: Sinusoidal PWM pulse generator 

5.1.3 Average Converter Model 

The average model of the converter shown in Figure 21 and can be used when: 

i. A faster simulation time is required, and 
ii. Focus of the simulation is not on the firing controls or on the effects of the harmonics produced 

by the power electronics converter. 
 
In the average model, the AC side is interfaced with voltage sources set to generate the three-phase 
voltages references and on the DC side a current is injected such that the balance of power is preserved. 

𝐼𝑑𝑐(𝑡) =
𝑃𝑎𝑐𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑(𝑡 − ∆𝑡)

𝑉𝑑𝑐𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑(𝑡 − ∆𝑡)
 (7) 

 
From equation (7) it can be observed that a one-time step delay is introduced in between the DC and AC 
circuits. For the most operation conditions this delay does not affect the results of the simulation. 

Note that the diode bridge is to ensure that the balance of power and the accuracy of the simulation is 
preserved whenever the converter is blocked, as occurs before energization, or whenever the DC 
voltage drops below the peak AC voltage. 
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(a) 

 

(b) 

 

(c) 

 
Figure 21:  AC-DC-AC converter average model representation, 

(a) overall converter circuit, 
(b) the average circuit based on equivalent voltage source, 

(c) use layers to Enabled the average model and disabled detailed model. 

The resistance ‘R’ is used to actuate the switching losses of the average model with the detailed model 
that has IGBT switches losses. Thus, it is selected to match the losses in the average and detailed models 
and achieve the same level of damping. 
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5.1.4 Grid-side controller 

The grid-side control, shown in Figure 22, regulates the DC bus voltage (Ecap) and reactive power (Q). 
The reference for the reactive power control is set to zero. 

 

Figure 22: Grid-side control component 

The grid-side converter parameters are given in Figure 23. 

 

Figure 23: Grid-side control parameters 
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The per-unitizing and transformation of current and voltage measurements are shown in Figure 24 and 
Figure 25 respectively. Low pass filters with characteristic frequency of 600 Hz were added to improve 
the quality of dq quantities by filtering out some of the high frequency harmonics of the power 
electronic converter. 

 

 

Figure 24: Current per-unitizing and transformation from abc to dq0 

 

Figure 25: Voltage per-unitizing and transformation from abc to dq0 

Base quantities for the grid-side converter controls and maximum converter currents are calculated 
based on the rated power (Sbase_Gsc) and rated voltage (Vac_Gsc line to line, rms). 

The DC bus voltage and reactive power controls are shown in Figure 26. These controllers generate the 
d-axis and the q-axis current orders (i.e. Id_ord_pu and Iq_ord_pu) for the decoupled control 
respectively. Normally this converter is operated such that no reactive power is transmitted to or 
absorbed from the AC system (Qref = 0.0) at nominal voltage.  

The current of the converter is limited by PI controller’s limits. For this converter, the default limiting 
function is chosen to give priority to the d-axis as shown in Figure 27 (priority signal is set to 1). If the 
priority is given to the q-axis (Q control), the priority signal should be set to 0. The maximum Grid-side 
converter current rating has been set to 1.2pu to be able to work under low voltage ride trough. 
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Figure 26: DC voltage and reactive power controllers 

 

Figure 27: d- and q-frames current limit calculation 

The decoupled current controls shown in Figure 28 are used to generate the converter reference 
voltages i.e. Ed1ref and Eq1ref. In order to decouple (i.e. reduce their effect on each other)  the d and q 
frames  the terms Iq_pu_Gsc * wLpu and Id_pu_Gsc * wLpu are subtracted and added to d-frame and q-
frame respectively. 
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Figure 28: d- and q-frames decoupled current controllers 

As shown in Figure 29, the reference voltages i.e.  Ed1ref and Eq1ref are converted from rectangular to 
polar domain and the magnitude (M) is per unitized and limited to 1.15 pu. The three-phase reference 
voltage waveforms are obtained by applying the dq0 to abc transform to vd1ref and vq1ref, using thetaPLL 
as the conversion angle. Up to this point, the reference wave-shapes are calculated in per-unit using the 
AC voltage peak to ground as the base voltage. These values need to be transferred to the adequate unit 
system depending on the type of model used. In the power electronics model, the base voltage of the 
reference wave shapes is changed from the converter AC voltage to the DC voltage. This is done with a 
particular point in mind. The strategy implemented for generating the valve firing orders assumes that 
the voltage modulation index is in the [0,1] range. 

 

 

Figure 29: Reference voltages provided by grid-side controller 
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5.1.5 Rotor-side controller 

The function of the rotor-side controller is to control active power (P) and reactive power (Q) (or AC 
voltage (Vac)) to obtain required ratings at the terminals of the wind turbine. The grid-side control is 
shown in Figure 30. 

 

Figure 30: Rotor-side control component 

The rated voltage of the rotor-side converter is calculated as follows: 

 

(8) 

 
Where Slip_max, M_ kv, TRN are maximum slip, machine terminal voltage and stator/rotor turn ratio 
respectively. 

To obtain the d and q components of the rotor current it is necessary to determine the relative 
difference between the stator flux and rotor position (slip angle). The position of the rotating flux is 
obtained via a phase lock loop (PLL) controller. As shown in Figure 31, the induced voltages of stator 
(Vst1_a, Vst1_b and Vst1_c) are subtracted by the voltage drop across the stator resistance and then 
applied to the PLL controller. The rotor location (i.e. Theta) is generated by the induction machine as the 
integral of the angular speed. In real world applications Theta might be generated by an actual position 
sensor.  

The “Angle Resolver” component is to ensure that the angle generated is a ramp between 0 and 2π 
range. 
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Figure 31: PLL controller to obtain the angle of d-q reference fame for rotor current. 
slpang is used to transform the d-q current frames to abc and vice versa. 

In this controller for simplicity the rotor angle is assumed to be placed in such a way that the d-axis flux 
in the air gap is aligned with d-axis of stator rotating flux, while the q-axis flux is aligned with the q-axis 
of stator rotating flux. Thus the id component contributes to the active power (or torque) generation, 
whereas the iq component is contributes to the reactive power (AC voltage) generation.  

The parameters for PLL controller are shown in Figure 32.  The offset angle is selected equal to -1.57 rad 
(-90 degree) to align the d-axis flux of rotor in the air gap with d-axis of stator rotating flux, and the q-
axis flux aligned with the q-axis of stator rotating flux. 
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Figure 32: Rotor-side PLL parameters 

Using the slip angle (slpang), the standard transformation block (ABC to dq0) can identify the d and q 
components of the rotor current, as shown in Figure 33. 

 

Figure 33: Rotor d and q axis components 

The control circuits for the current and voltage components are represented in Figure 35, while Figure 
34 illustrates the loop used during the start-up of the machine. Once synchronization takes place, the 
loops for active and reactive power shown in Figure 35 take place. A soft transition between controllers 
is ensured by adjusting the PI controller limits. 
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Figure 34: start-up loop controller 

 

 

Figure 35: rotor-side active and reactive power controllers 
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5.2 Start-up Sequence of the Electrical System 

The example provided here is designed to start on command. This allows this model to be used for the 
simulation of systems where the AC voltage is not established from the beginning of the simulation. An 
example of such case is the simulation of offshore wind farms connected through HVDC links. In this 
type of the simulations the HVDC link must be started and the offshore AC voltage be established prior 
to starting the wind generators. 

Figure 36 outlines the sequence of steps implemented in this example to start the wind generator. Note 
that this sequence is one of many methods that can be used to start-up a wind generators. For such 
purpose, the induction machine is started in speed control mode (input ‘S’=1 in Figure 16 fixes machine 
speed to the value in input ‘W’ with the speed of the machine set to a preselected value ω0. Ideally this 
speed should be setup close to the final steady state rotating speed. In the default setup, the wind 
speed is assumed to be the rated wind speed. 

The start-up sequence is triggered upon closing of the AC breaker that links the wind generator with the 
AC system at the collector level voltage (normally 33 kV). The first converter to be de-blocked is the grid-
side converter. This converter operates in DC voltage control. Once the DC voltage is achieved, the 
rotor-side converter is de-blocked. The function of this converter at this stage is to inject currents into 
the machine rotor windings, such that an AC voltage that matches the AC grid-side voltage at the 0.9 kV 
bus is established. 
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Figure 36: Start-up sequence of the electrical system 
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When the magnitude and phase of voltage on the stator (Vst1) is matched with the magnitude and 
phase of the grid voltage (Vst2), a synchronizer control (described in next section) closes the stator side 
breaker, connecting the induction generator to the grid.  At this point the rotor-side converter changes 
control mode to P and Q control mode and the machine is ready to start transferring mechanical power 
to the grid. The implementation of the start-up sequence is presented in Figure 37. 

 

Figure 37: Implemented logic for start up 
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5.3 Synchronization 

The synchronizer block uses a simplified algorithm that only checks for voltage variations (ΔV) and angle 
variations (Δδ). In this example, (ΔV) and (Δδ) are selected equal to 0.1pu and 7.5 deg respectively. The 
parameters for the synchronizer block are shown in Figure 38. 

 

 
(a) (b) 

 
(c) 

Figure 38: synchronization (a) component; (b) component, (b) Parameters, 
(c) logic of synchronization 

5.4 Crowbar Protection 

According to most new grid code requirements, wind turbines must remain connected to the grid during 
grid disturbances and provide voltage support during and after the faults [2]. The crowbar system is 

Synchronizer Block
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essential to avoid disconnection of wind turbine from network during the fault. Moreover, the insertion 
of the crowbar in the rotor circuits enables a more efficient voltage control during faulty conditions.  

As wind turbines based on DFIG have the stator connected to the grid, it makes the rotor winding 
sensitive to high currents induced during faults. Also the rotor windings are connected to the grid via 
AC-DC-AC converter, which is very sensitive to over-currents. The most common means to avoid 
injecting high currents into the power electronic converters is to short circuit the rotor terminals via a 
resistance. Such mechanism is normally known as crowbar. 

The duration of the crowbar activation depends on grid requirements. For grids with low wind 
penetration the injection of reactive current during the faults is not required normally. In this case the 
crowbar is usually activated for whole duration of the fault.  

However, during crowbar protection the wind turbine cannot inject reactive power. Therefore crowbar 
protection is activated for a fixed time period e.g. 50 to 100 ms. The philosophy behind this is that the 
highest induced currents in the rotor circuit happen in the first two cycles after the inception of the AC 
fault.  Under this scheme, the crowbar is enabled for the few first cycles after inception of the fault, to 
protect the converter from high magnitude fault currents injected into rotor and it is disabled to allow 
the converter inject reactive power into the grid and support low voltage ride through.  In the example, 
the crowbar is activated for a period of 60 ms. 

The crowbar system is a resistance controlled by power electronics. In the DFIG files provided, two 
different options were provided for the activation of the crowbar system, the DC voltage exceeding a 
predetermined DC voltage, or the rotor currents exceeding a predetermined value. The logic behind the 
crowbar control is illustrated in Figure 39. 
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(a) (b) 

 
(c) 

Figure 39: Crowbar protection (a) module (b) power electrical circuit (c) controller 
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5.5 DC-link Chopper 

Further protection during fault condition is required to avoid overvoltage on the DC-link capacitor. This 
protection is provided by the DC-link Chopper which is IGBT-controlled resistance that dissipate 
overvoltage. A voltage hysteresis controller is used to issue the chopper firing pulses. The logic of the 
DC-link Chopper is illustrated in Figure 40. 

 

 
(a) (b) 

 
(c) 

Figure 40: DC-link chopper (a) component, (b) electrical circuit (c) hysteresis controller 

  

Chopper
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5.6 Low Pass Filter 

The power electronic converters generate a considerable amount of harmonics. A filter is used on the 
grid side to minimize the impact of harmonics on the grid. The structure of the filter is represented in 
Figure 41. There are several filter topologies and methods suggested in the literature on how to 
calculate the filter parameters. The methodology used in this example to calculate the filter parameters 
is shown in Appendix 1. 

 

 

 

(a) (b) (c) 

Figure 41: AC filter (a) AC filter component (b) the parameters (c) circuit 

  

AC
Filter
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5.6.1 Filter parameters calculation 

According to [1], the switching frequency can be calculated as follows 

 

𝑓𝑠𝑤 =
𝑉𝐷𝐶

8×𝐿𝑖𝑛𝑣×𝐼𝑟𝑝𝑝
 , where          (9) 

 

I rpp – the peak-to-peak amplitude of the ripple current, which can be estimated as 20% of peak-to-peak 
nominal current: 

𝐼𝑚𝑎𝑥𝐴𝐶 = 𝐼𝑛𝑜𝑚𝐴𝐶 × √2 , where                                    (10) 

𝐼𝑛𝑜𝑚𝐴𝐶 =
𝑃𝑐𝑜𝑛𝑣

√3 ×𝑉𝐿−𝐿𝑟𝑚𝑠
                 (11) 

For our system using (10) and (11) the peak-to-peak current will be 

𝐼𝑛𝑜𝑚𝐴𝐶 =
2.14

√3 ×0.69
=1.79  kA 

𝐼𝑚𝑎𝑥𝐴𝐶 = 1.79 × √2 = 2.54  kA   

The ripple current approximately  

Irpp = 0.2 * 2.54 = 0.508  kA 

The switching frequency using (9) 

𝑓𝑠𝑤 =
1.45

8×0.000106×0.508
 = 3369 Hz 

The carrier frequency as multiple of fundamental: 

𝐶𝑓𝑟𝑒𝑞 =
𝑓𝑠𝑤

𝑓
           (12) 

 

𝐶𝑓𝑟𝑒𝑞 =
3369

50
 = 67.38 

 

A cutoff frequency of 200 Hz for the filter is used. 

The filter capacitance needed to provide the cutoff frequency with the inductor (L) can be found as 
follows: 

  𝐶𝑓𝑖𝑙𝑡𝑒𝑟 =
1

(2×𝜋×𝑓𝑐𝑢𝑡𝑜𝑓𝑓)2×𝐿           (13) 
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The filter capacitance for the system using (A5) 

  𝐶𝑓𝑖𝑙𝑡𝑒𝑟 =
1

(2×𝜋×200)2×0.000106 × 106 = 5974 𝑢𝐹 

The damping circuit is needed to reduce or eliminate any possible ringing caused by the combination L 
and Cfilter. The damping inductance takes the value of: 

Ldamp = 5*LVSC             (14) 

Ldamp = 5*0.000106=0.00053 H 

The damping capacitance can be calculated: 

𝐶𝑑𝑎𝑚𝑝 =
𝐶𝑓𝑖𝑙𝑡𝑒𝑟

2
              (15) 

 

𝐶𝑑𝑎𝑚𝑝 =
5974

2
= 2987 𝑢𝐹          

The damping resistance can be calculated: 

𝑅𝑑𝑎𝑚𝑝 = √
𝐿𝑑𝑎𝑚𝑝

𝐶𝑑𝑎𝑚𝑝
                 (16) 

 

𝑅𝑑𝑎𝑚𝑝 = √
0.00053

0.002987
= 0.4212 Ω  

 

6 Dynamic responses of the detailed and the average models 

The dynamic behaviors of the detailed and average models are compared during two transient 
conditions. In the first transient the wind speed is varied slowly around its nominal speed to obtain 
lower and higher speed ratings. In the second transient a three phase to ground fault is incepted on the 
Bus1 for duration of 0.15sec. 

6.1 Dynamics against wind speed variations 

Figure 42 and Figure 43 show dynamic responses of the average and detailed models respectively when 
the speed of wind is changes over time. It can be seen that the dynamics of the average and detailed 
models are quite similar and close enough to use averaged model as a replacement of the detailed 
model. Also, total CPU Time for average model is 94.350sec while it is about 1417.488sec for detailed 
model.  This indicates that, the average model is 15 times faster than the detailed model in terms of 
simulation time. 
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Figure 42: Dynamic responses of the average model during a change 
in a wide range of wind speed 
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Figure 43: Dynamic responses of the detailed model during a change 
in a wide range of wind speed 
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6.2 Dynamics against faulty condition 

Figure 44 and Figure 45 show the dynamic responses of the average and detailed models during a three 
phase to ground fault on the Bus1 at 7sec respectively. The transients for the dc voltages, active and 
reactive powers and speed are quite similar. Pitch angle is about 3 degrees as the wind speed is higher 
than its nominal value i.e. 9.3m/sec. as it is expected from previous simulation, the average model is 15 
times faster than the detailed model in terms of simulation time. 
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Figure 44: Dynamic responses of the average model for a fault on Bus1 
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Figure 45: Dynamic responses of the detailed model for a fault on Bus1 
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