
Type-3 Wind Turbine Generator Model with Generic 
High-Level Control for Electromagnetic Transient 

Simulations 
 

A. Stepanov, H. Ashourian, H. Gras, J. Mahseredjian 
 

 
Abstract—Electromagnetic transient (EMT) simulations are 

instrumental in providing researchers and engineers with detailed 
data about the dynamic behavior of power grids, necessary for 
analysis, planning, and risk mitigation. Such simulation studies 
become even more relevant with the increased number of inverter-
based resources integrated into the grid. To achieve reliable 
simulation results, accurate and accessible models are needed, 
since existing generic models do not always provide accurate 
transient response, especially during fast transients. This paper 
proposes a model for the type-3 wind turbine generator, otherwise 
known as doubly-fed induction generator (DFIG), that combines 
the benefits of the generic wind turbine model developed by the 
Western Electricity Coordinating Council (WECC), with the extra 
accuracy of a detailed electrical model for the DFIG. WECC 
models are widely used by planners in their phasor-domain model 
databases. The proposed WECC-DFIG model is designed to be 
used in EMT-type software, and due its inheritance of the high-
level control system, it can reuse control settings from an existing 
WECC model without re-tuning. It improves accuracy during 
transients, such as balanced and unbalanced faults. 
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I. INTRODUCTION 
considerable proportion of existing and currently installed 
wind parks are based on type-3 wind turbine generators 

(WTGs), also called doubly-fed induction generators (DFIG) 
[1], [2], [3], [4]. A typical DFIG wind turbine system is shown 
in Fig. 1.  

Significant efforts have been made in the last decades in the 
development of various inverter-based resources (IBRs), 
including DFIG wind turbine models with various levels of 
detail and field of applications, including protection studies, 
electromagnetic transient simulations (EMT) studies, frequency 
domain modeling and more [5-9].  

Specifically in the area of EMT simulations, various WTGs 
models have been proposed in the literature, focusing on 
different aspects, ranging from the detailed representation of 
mechanical systems and associated controls [10], [11], 
numerical efficiency [12], [13], to real-time modeling and 
WTG emulators [14], [15]. Despite possible simplifications, 
such models typically provide a high level of detail at the 
expense of increased computational burden. 
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One of the most widely used generic models is the model 
developed by the Western Electricity Coordinating Council, 
referred to in this paper as the WECC model [16], [17]. A 
similar generic model has been developed by the IEC [18], [19]. 
These models are often used by electrical power system 
planners in phasor-domain simulations. They do not accurately 
represent fast transients, especially during non-nominal 
operating conditions, such as operation under partial load or 
unbalanced conditions. This is due to the fact that the 
mechanical, electrical and control system representations in 
these models are greatly simplified. The DFIG model, for 
example, is represented by a full converter. However, they 
result in faster simulations and have increased ease of use due 
to the reduced amount of detail, unified design, and well-
developed documentation. Despite initially being proposed for 
phasor-domain simulations, such simplified generic models are 
also used in EMT simulation software packages [17], [20], [21]. 

To obtain an EMT model of their grid, it is not uncommon 
for transmission system operators to transpose an existing grid, 
which may already contain numerous generic IBR models with 
project-specific parameters, from an RMS simulation software 
to EMT. However, directly replacing such IBR models with the 
default detailed models from the EMT simulation software 
libraries can become quite challenging and time-consuming. It 
is due to the fact that they would often have a different control 
structure compared to their RMS counterparts, thus requiring 
retuning. Implementing manufacturer-specific detailed models 
may not be possible due to the lack of available data or 
confidentiality issues [9], [22]. The choice is therefore often 
made to keep the generic IBR models in the EMT grid, which 
can lead to reducing the accuracy of simulation results, 
especially in simulation studies involving weak grids and/or 
unbalanced faults [9]. 

This paper proposes a DFIG wind turbine model that 
combines the interface and high-level controls of a generic 
model (such the WECC model), and the accuracy of a detailed 
model. Thus, it can be used anywhere the WECC model has 
been applied to obtain more accurate results without re-tuning. 

The paper is organized as follows: section II describes the 
DFIG wind turbine and its typical control system as well as the 
WECC model. Section III develops the proposed WECC-DFIG 
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model. Simulation results and analysis are given in section IV. 
 
 

 
Fig. 1 DFIG wind turbine  

II. OVERVIEW AND MODELING OF DFIG WIND TURBINES 
This section presents and recalls the details of the DFIG 

wind turbine, describing the existing WECC model for the 
convenience of readers and does not contain new developments.  

A. DFIG Wind Turbine and Control 
A typical DFIG wind turbine, such as shown in Fig. 1, can 

be represented by a combination of a mechanical, electrical, and 
control systems. The mechanical system includes the blades, 
the shaft and the rotor of the DFIG. The electrical system 
typically consists of the rotor-side and grid-side converters 
(RSC and GSC, respectively), DC link, AC harmonic filters, 
crowbar protection and the coupling transformer. 

The control system of the wind turbine includes the RSC and 
GSC control blocks, shown in Fig. 2 and Fig. 3, respectively, as 
well as the pitch controller for the angle of the blades (see Fig. 
4). Typically, the converter control system is cascaded, where 
the slower outer loop generates the reference currents for the 
faster inner loop, which in turn generates the modulation signals 
that are used to produce the gating commands for the power 
electronic switches. The GSC is responsible for the DC voltage 
control and AC voltage boost during disturbances, whereas the 
RSC is responsible for regulating the active and reactive 
powers, voltage, and power factor of the turbine. 

It should be noted that the current limiter block in the RSC 
control system acts on the rotor currents and does not have a 
direct impact on the output currents of the installation, contrary 
to many other IBRs such as full-converter wind turbines, PVs, 
etc. This makes it more challenging to develop simplified 
models that would capture this behavior. 

The frequency of the AC voltages generated by the RSC is 
controlled so that under steady state conditions, the combined 
speed of the rotor plus the rotational speed of the rotor flux 
vector matches that of the synchronously rotating stator flux 
vector fixed by the network frequency. Manipulation of the 
rotor voltage permits to control the generator operating 
conditions. 

It should be noted that when multiple turbines are assembled 
in a wind park, the references for individual turbines come from 
the park controller. 

 

 
Fig. 2 RSC control system of a DFIG turbine 
 

 
Fig. 3 GSC control system of a DFIG turbine 
 

 
Fig. 4 Mechanical control system of a DFIG turbine 

B. WECC Model Overview 
While the WECC wind turbine model represents the DFIG 

mechanical, electrical and control systems, these systems are 
greatly simplified. For example, the electrical system neglects 
all machine fluxes and DC link dynamics. The WECC model 
contains four main elements [16]: 

• Renewable energy generator controller (REGC). 
• Renewable energy electrical controller (REEC). 
• Renewable energy plant controller (REPC). 
• Mechanical system and its controllers. 
REGC allows to represent the converter either with 

controlled current or controlled voltage source (REGC_A and 
REGC_C, respectively) [16]. 

REEC represents the outer loop of the converter control 
system. It receives the active and reactive power references and 
calculates the reference values of active and reactive currents 
for REGC. It contains extended voltage-dependent current limit 
tables (VDLp, VLDq), current compensation, reactive droop 
compensation, reactive current injection algorithm, model 
inverter blocking logic, etc. [16]. 

REPC monitors conditions at the point of interconnection 
(POI) and sends active and reactive power commands to REEC 
to achieve the desired real and reactive powers, voltage and 
power factor at the POI [16]. 

The mechanical system includes the wind turbine generator 
aerodynamics model (WTGA), drivetrain model (WTGT), 
pitch controller model (WTGP) and torque controller model 
(WTGQ) [16]. 

A quadratic equation describes the WTGA block (1) that 
defines the relation between the output mechanical power and 
the pitch angle [16], [23]: 

 ( ) ( ) ( ) ( ) 00m m a tP tP t K Θ = −Θ− Θ   (1) 

where mP  is the mechanical power, Θ  is the pitch angle, 
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0Θ  is the initial pitch angle, and aK  is the aerodynamic gain 
factor which defines the slope /mdP dΘ  [16], [23]. 

The WTGP block consists of two PI controllers with anti-
windup limiters and a low-pass filter for the output signal (pitch 
angle). It is shown schematically in Fig. 5, where tω  is the 
mechanical speed of the turbine, refω  is the reference speed,  

refP  is the active power reference, ordP  is the active power 
order [16]. 

The connection of the blocks of the model is shown 
schematically in Fig. 6 (note that not all signals are shown 
between blocks) [16]. The blocks with gray background will be 
modified in the proposed WECC-DFIG model in section III. In 
Fig. 6, pcmdI  and qcmdI  are the active and reactive channel 
current commands of the REEC, gω  is the generator speed, 

refQ  is the reactive power reference. 

 
Fig. 5 Schematic diagram of pitch controller block (WTGP)  

 
Fig. 6 Simplified schematic diagram of WECC type-3 model 

III. PROPOSED WECC-DFIG MODEL 

A. Mechanical system 
The mechanical system model represents the aerodynamics 

of the blades pitch angle and the dynamics of the drivetrain, as 
well as the pitch controller similarly to the WECC model, i.e. it 
is based on the WTGA, WTGT, WTGQ and WTGP modules 
described in section II.B with the following improvements. 
1) WTGA 

It can be observed that mechanical power in the WECC 
model (1) is capped at 

 { } ( ) 2
0max 0 / 4m m aP P K Θ= +  (2) 

Depending on the initial value of power ( )0mP  and initial 

pitch angle 0Θ , this maximum value may be below the 
nominal power of the WTG. Besides, the maximum power (2) 
will be obtained at 0 / 2Θ , whereas it is typically obtained at 
the minimum value of Θ  for the given wind and turbine 
speeds within a reasonable operation range [23]. 

To provide more flexibility for the adjustment of the mP  
curve, in the proposed model the user can set the value of the 
available mechanical power availableP  and the 0Θ  angle to 

obtain a desired characteristic of mechanical power as a 
function of pitch angle ( )mP f= Θ  in the WTGA 
aerodynamics block as shown in (3): 

 [ ]0availab em alP P K= − Θ Θ−Θ  (3) 
This can be useful to model the events where more power is 

available but it has to be limited (such as wind energy 
curtailment or operation under strong winds [24-26]) with more 
flexibility for the adjustment of the mP  curve. Contrary to the 
original equation, it does not have a hard upper limit of (2) 
since it does not directly depend on the initial power ( )0mP  
and maximum power can be obtained at minimum Θ  (by 
setting 0 0Θ = ). 

The initial pitch angle in the proposed model ( )0Θ  is not 

equal to 0Θ  and is calculated to match the actual and 
available powers and 0Θ  as in (4) below, which is derived 
directly from (3). Only the positive solution of (4) should be 
considered assuming that 0Θ ≥  and mavailableP P≥ . 
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2) WTGP 
In the WTGP block of the default WECC model Fig. 5, two 

PI controllers act on a single variable Θ , one of them is 
responsible for angular speed control, and the other is for power 
order. This combination results in an infinite amount of possible 
history values of the integrals, especially in cases where 
( )0 0Θ > . In the proposed model, the history term of the PI 

controller responsible for the power order is always initialized 
to zero to avoid any ambiguity, whereas the one for the angular 
speed is initialized to match ( )0Θ . 

B. Electrical system 
The electrical system of the WECC DFIG model contains 

detailed models for the generator, transformer (including iron 
core saturation), AC filters and converters, Fig. 7. The speed of 
the generator is given by the WTGT block [16]. 

The proposed model allows to represent the GSC and the 
RSC converters using power semiconductors with nonlinear v-
i characteristics or use the average-value model (AVM) where 
the converters are represented as controlled voltage sources 
with the references coming from the inner control loop of the 
control system. 

 
Fig. 7 Electrical diagram of the proposed model 
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C. Control system 
1) Overview 

The proposed WECC-DFIG model reuses the plant 
controller and the outer control loop from the WECC model 
(REPC and REEC, respectively) and the inner current control 
of a detailed model of DFIG for the RSC control. 

The control system for the GSC is a generic cascaded control 
system, as explained in the subsection II.A. It includes 
decoupled sequence inner current control for unbalanced grid 
conditions such as asymmetrical faults. 

It should be noted that the WECC model regulates stator 
currents in the grid voltage reference frame, whereas the RSC 
in the detailed model regulates rotor currents in the rotor 
reference frame. Therefore, to link REEC and inner control 
loops, there is an additional block in the proposed model, 
dedicated to the transition of the REEC output current reference 
values to the inner current controller reference frame as 
explained in subsection III.C.2. While it is possible to directly 
connect REEC to the inner current controller without re-tuning 
any settings, this would likely trigger limiters and/or protections 
because the VDL and other settings of the WECC model are 
tuned based on the stator current values. Since the aim of the 
proposed WECC-DFIG model is to be able to directly substitute 
the WECC model without the need to re-tune its parameters, 
this approach is not advisable. 
2) Linking REEC and inner current control 

Linking the REEC outputs to the inner current controller is 
performed in two steps: changing the reference frame and 
adding the contribution of the magnetizing current. This can be 
explained using the DFIG electrical diagram of Fig. 8.  

The rotor current Ri  can be represented as a combination 
of the magnetizing current Mi  and the stator current Si . 
REEC only considers the stator current, therefore, to obtain the 
rotor current references for the RSC controller the magnetizing 
current contribution must be added to the current references 
from the REEC. 

Assuming the magnetization branch is composed only of an 
inductance, it is easy to consider its contribution in a reference 
frame aligned with the magnetizing flux of the machine since 
the current and the flux vectors are aligned with each other. 
Therefore, in the proposed WECC-DFIG model, the output 
current commands of the REEC ( pcmdI  and qcmdI ) are first 
transposed to the flux-synchronous reference frame using the 
flux angle fluxΘ  from the REEC reference frame: 

 ( ) ( )' cos sinflux pcmd flux qcmdpcmdI I I= −Θ + −Θ  (5) 

 ( ) ( )' sin cosqcmd flux pcmd flux qcmdI I I= −Θ − −Θ  (6) 

To obtain references for the inner current controller, the 
magnetizing current is then estimated from the measurements 
at the terminals of the machine and added to the transposed 
REEC outputs, Fig. 9: 

 ( )' ' ' /dref pcmd M pcmd MS S q SI I I I v i L L= + = + −  (7) 

 'qref qcmdI I=  (8) 

where 'MI  is the approximation of the magnetizing current, 

Sv  is voltage at stator terminals, S qi  is q-axis projection of 

the stator current, SL  is stator leakage inductance, and ML  
is magnetizing inductance. 

 
Fig. 8 DFIG electrical diagram 

 
Fig. 9 WECC-DFIG linked control system 

IV. SIMULATION RESULTS 
A set of simulation studies has been conducted to evaluate 

the performance of the proposed model. The simulations were 
conducted in EMTP® [27]. The selected tests (voltage 
regulation, undervoltage response/LVRT) are in agreement 
with typical model verification requirements set forth by TSOs 
for variable generation [28], [29], [30]. The compared models 
are two WECC models (one with REGC_A and the other with 
REGC_C), the proposed WECC-DFIG model and the detailed 
EMT library DFIG model available in EMTP® which serves as 
the reference. The EMT library DFIG model uses MPPT for the 
active power control channel, AVM for converters, and has 
detailed aerodynamics model that considers wind speed and 
power coefficient pC [31]. Other models use direct active 
power control. Reactive power reference in all models is 
controlled to zero. 

A 60 Hz 120 kV system shown in Fig. 10 (EPRI benchmark 
system [32], [33], [34]) is used for testing wind park models 
behavior. Parameters not shown in Fig. 10 are given in Table I.  

TABLE I 
SYSTEM PARAMETERS 

Parameter Value 
DFIG nominal power 1 MW 
DFIG nominal voltage 0.575 kV 
DFIG stator impedance 0.033 + j0.18 pu 
DFIG magnetization inductance 2.9 pu 
DFIG rotor inductance 0.026 + j0.16 pu 
DFIG transformer nominal power 1.75 MVA 
DFIG transformer nominal voltages 0.575 / 34.5 kV 
DFIG transformer impedance 0.002 + j0.06 pu 
Wind park transformer nominal power 75 MVA 
Wind park transformer nominal voltages 120 / 34.5 kV 
Wind park transformer impedance 0.003 + j0.12 pu 
Number of turbines (aggregated) 45 
Load transformer power 50 MVA 
Load transformer impedance 0.00375 + j0.1578 pu 
Transformer magnetization  
(wind park and load transformers) 

I (pu) Flux (pu) 
0.01 1.075 
0.025 1.15 
0.05 1.2 
0.1 1.23 
2.0 1.72 

Line data (per km) R'0 = 0.313 Ω;  R'1 = 0.127 Ω 
L'0 = 1.66 Ω;   L'1 = 0.479 Ω 
C'0 = 1.82 µS;  C'1 = 3.48 µS 

Slack bus impedance Z0 = 3+j30 Ω; Z1 = Z2 = 1+j9 Ω 



 
Fig. 10 Test network 

A. 3-phase fault 
A symmetrical fault with 1 Ω resistance is applied at BUS3 

for 500 ms. A relatively long fault duration is used to 
demonstrate both the transient and steady-state behavior during 
a fault. The active and reactive powers and positive sequence 
voltage of different models are shown in Fig. 11. All models 
generally follow the reference DFIG model. Difference in the 
active power output after fault clearance can be attributed to the 
different upper-level controls and MPPT vs. direct active power 
control in all other models. The active power behavior of 
WECC-DFIG during the fault matches best with the reference 
waveform. Reactive power increases to 10 Mvars, proportional 
to the voltage deviation. 

 

 

 
Fig. 11 POI powers and voltage during a 3-phase fault at BUS3 
 

The instantaneous values of phase A voltage and current at 
the POI and the corresponding errors relative to EMT library 
DFIG are shown in Fig. 12 and Fig. 13. Voltage and current 
signals of WECC-DFIG have the smallest deviation from the 
reference model, as demonstrated by the corresponding error 
signals. It can also be noted that REGC_A waveforms exhibit 
more oscillatory behavior and its maximum overvoltage is also 
overestimated (EMT library DFIG: 1.39 p.u., WECC-DFIG: 
1.39 p.u., REGC_A: 1.73 p.u., REGC_C: 1.39 p.u.). 

WTG rotor speed is shown in Fig. 14. EMT library DFIG 
model has higher rotor speed because it is defined by the 
detailed aerodynamics model that considers wind speed and 
power coefficient pC  [31]. WECC-based models do not 
consider wind speed, but only the available mechanical power, 
which is quasi-constant (see subsections II.B and III.A for 
details), and nominal speed is assumed for normal operation. 
 

 

 
Fig. 12 Phase A voltage and error relative to DFIG during 3-phase fault at BUS3 
 

 

 
Fig. 13 Phase A current and error relative to DFIG during 3-phase fault at BUS3 
 

 
Fig. 14 WTG rotor speed during 3-phase fault at BUS3 
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B. 2-phase fault 
A two-phase ideal fault is applied at BUS3 for 500 ms. The 

active and reactive powers and positive sequence voltage of 
different models are shown in Fig. 15. It can be observed that 
the reactive power of the WECC-DFIG model is much closer to 
the reference compared to REGC_A and REGC_C. 

Instantaneous phase B voltage and current at the POI and the 
corresponding errors relative to EMT library DFIG are shown 
in Fig. 16 and Fig. 17. WECC-DFIG error signals are the 
smallest. REGC_A and REGC_C models are developed for 
balanced RMS simulations, so do not represent well the 
currents in unbalanced faults. The response during the first 
100 ms after the fault is represented accurately only with 
WECC-DFIG.  

 

 

 

 
Fig. 15 POI powers and voltage during a 2-phase fault at BUS3 
 

 

 
Fig. 16 Phase B current and error relative to DFIG during 2-phase fault at BUS3 
 

Voltage waveforms of the WECC-DFIG and REGC_C models 
match relatively well with the reference during the transient as 
well as in the peak overvoltage value (EMT library DFIG: 
1.25 p.u., WECC-DFIG: 1.24 p.u., RECG_C: 1.24 p.u.). The 
REGC_A model exhibits more oscillations and a larger 
maximum overvoltage (1.4 p.u.). 

DC voltages of the EMT library DFIG and WECC-DFIG 
models are shown in Fig. 18 (REGC_A and REGC_C lack the 
DC link). Both models exhibit similar behavior and represent 
the double-fundamental frequency oscillations caused by the 
unbalance. WECC-DFIG model oscillations are slightly higher. 

 

 
Fig. 17 Phase B voltage and error relative to DFIG during 2-phase fault at BUS3 
 

 
Fig. 18 DC voltage during 2-phase fault at BUS3 

C. 1-phase fault 
A single-phase fault is applied at BUS3 for 150 ms. The 

active and reactive powers and positive sequence voltage of 
different models are shown in Fig. 19. All models generally 
follow the EMT library DFIG waveforms, although some 
deviations are observed at fault recovery. The reactive power of 
the proposed WECC-DFIG model is closer to the reference than 
REGC_A and REGC_C.  
Instantaneous voltage and current of the faulted phase A and the 
corresponding errors relative to EMT library DFIG are shown 
in Fig. 20 and Fig. 21. The proposed WECC-DFIG model 
waveforms have the smallest deviation from the reference, 
compared to the REGC_A and REGC_C models. Contrary to 
previous cases, REGC_A and REGC_C models do not 
significantly overestimate the voltages at fault recovery since a 
relatively distant 1-phase fault is a small disturbance. 
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Fig. 19 POI powers and voltage during a 1-phase fault at BUS3 

 

 
Fig. 20 Phase A voltage and error relative to DFIG during 1-phase fault at BUS3 
 

 

 
Fig. 21 Phase A current and error relative to DFIG during 1-phase fault at BUS3 

D. Voltage regulation test 
In this test, all models are set to voltage control mode with 

2% droop on reactive power. A voltage step of 1% is applied at 
10 s. The reactive powers and voltage at the POI of all models 
are shown in Fig. 22 and Fig. 23 respectively. All models 
exhibit very similar behavior and follow the reference model 
closely. This is the expected behavior since the test is performed 
in balanced conditions and represents a slow transient.  

 
Fig. 22 Wind park reactive power during voltage step 
 

 
Fig. 23 POI voltage during voltage step 

E. Timings 
In this test, the discussed wind park models were simulated 

for 1 s without faults. The CPU times (1-core) required to 
perform the simulations are given in Table II. It can be seen that 
the proposed WECC-DFIG model is slower than REGC_A and 
REGC_C models and is on par with the EMT library DFIG 
model, which is expected because the accurate representation 
of the electrical machine requires solving more equations. 

 
 

TABLE II. TIMINGS 
Model Time, s 

EMT library DFIG 6.6 
Proposed WECC-DFIG 6.3 
WECC with REGC_A 2.5 
WECC with REGC_C 2.3 

V. CONCLUSIONS 
The paper presented a WECC-DFIG model suitable for 

electromagnetic transient simulations, which is obtained by 
combining the high-level control from the generic WECC wind 
park model and the inner control as well as the electrical system 
from the EMT library DFIG model. The resulting model allows 
to simulate transients with high level of accuracy and has an 
interface that uses the same parameters as the generic WECC 
model. This allows to directly replace the WECC models in a 
network by the proposed WECC-DFIG model without re-
tuning, thus allowing for an easier database migration from 
RMS to EMT. The proposed model purposefully inherits high-
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level control of the existing generic WECC model in an attempt 
to bridge the gap between RMS and EMT models while 
providing more accurate simulation results. 

Performed simulation studies demonstrated that the 
proposed model follows well the responses of the reference 
EMT library DFIG model while using the same settings as the 
WECC model in balanced and unbalanced conditions, during 
slow and fast transients, including the initiation of the fault and 
during fault recovery. The REGC_A and REGC_C WECC 
models match with the detailed reference model best in slow 
balanced transients and in steady-state before and after the fault. 
The proposed WECC-DFIG model has consistently 
demonstrated considerably smaller deviations in instantaneous 
voltages and currents from the reference model in all performed 
fault tests compared to the original WECC model, thus 
confirming its improved accuracy. 
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