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Abstract-- This paper presents the ongoing work in Working 
Group (WG) 27 of IEC Technical Committee (TC) 88 developing 
a standard IEC 61400-27 for “Electrical simulation models for 
wind power generation”. The purpose of the standardization work 
is to define generic simulation models for wind turbines and wind 
power plants, which are intended for power system stability 
analyses. Thus, the models will be applicable for dynamic 
simulations of power system events such as faults, loss of 
generation or loads and switching of lines. The paper presents the 
actual status of the IEC TC88 WG27 work.  Some of the 
challenges encountered during the process of the development of 
the standard are described, and expected outcome of the standard is 
also presented.  

 
Index Terms—Electrical Simulation models, IEC standard, 

Wind turbine model, power system stability studies 

I.  INTRODUCTION 

The increasing penetration of wind energy in power systems 
implies that Transmission System Operators (TSOs) and 
Distribution System Operators (DSOs) need to use dynamic 
models of wind power generation for power system stability 
studies. The models developed by the wind turbine 
manufacturers reproduce the behavior of their machines 
with a great level of accuracy and detail. Such level of detail 
is not suitable for stability studies of large power systems 
for two reasons. Firstly, the use of these models requires a 
substantial amount of input data to represent the individual 
wind turbine types some of which are occasionally 
considered proprietary data and hence make it difficult to 
publicly and widely distribute the models. Secondly, often 
these manufacturer specific models are either user written or 
object code that need to be compiled into the system model 
and so due to the complexity of the models incorporating 
large numbers of such models into continental wide power 
system models becomes a significant burden for the users.   

II.  PURPOSE  

There exist today many grid codes from the Distribution- 
and Transmission system operators (DSO & TSO), many of 
these grid codes request a validated wind turbine model for 
their interconnection agreements. Due to the fact that there 
is no standard, neither for wind turbine models nor their 
validation, every manufacture has developed their own 
simulation model and validation procedure. 

The purpose of IEC 61400-27 is to define standard, public 
dynamic simulation models for wind turbines and wind 
power plants, which are intended for use in large power 

                                                           
 

system and grid stability analyses, and should be applicable 
for dynamic simulations of power system events such as 
short circuits (low voltage ride through), loss of generation 
or loads, and typical switching events (e.g. line switching).  

The Part 1 of the IEC 61400-27 series will specify wind 
turbine models and validation procedures. Part 2 will 
specify wind power plant models and validation procedures. 

III.   HISTORY OF IEC 61400-27 

A.  Members 

From the beginning, there has been a high interest to 
participate in the standardisation work in WG27. At the first 
meeting in October 2009, 24 were appointed by their 
national standardisation committees. Currently, WG27 
consists of 42 members from 16 countries (Austria, China, 
Denmark, France, Finland, Germany, Great Britain, Ireland, 
Japan, Korea, Netherlands, Norway, Russia, Spain, Sweden 
and USA). Besides the official members, several of the 
national committees also involve other people in discussing 
and commenting on the development. 

The 42 members of WG27 represent all types of companies 
and organisations with a potentially high interest in the 
development and use of the standard. These can be grouped 
into grid operators (transmission and distribution), wind 
turbine manufacturers, sub suppliers, wind plant developers 
and owners, test and certification institutes, power system 
software companies, and the research and university 
community. 

B.  Meetings 

WG27 will hold its 9th meeting in Beijing, in September 
2011. Previously, meetings have been held in Denmark, 
Spain (2), USA (2), Germany, Finland and France. 
Although the meetings have required substantial amounts of 
travelling, and the attendance has been influenced by the 
location of the individual meeting, there has been a kernel of 
dedicated members who have made it possible to make 
progress in this difficult area for standardisation. 

The first meeting focused on getting an overview of the 
models and validation practices that are used today. The 
next meeting was spent on development and agreement of a 
focus document, which details the scope and limitations of 
the models. This focus document established the basis for 
the working drafts.  

It was agreed at an early stage that the models should only 
account for the fundamental frequency. It is common 
practice to base power system stability studies on 
fundamental frequency simulations only. In addition, 
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fundamental frequency models require much less data and 
are less computationally intensive than full 3-phase 
modelling.  

A major issue of these discussions was on how to include 
the effect of unsymmetrical faults. Normally, only the 
positive sequence of the fundamental frequency is 
considered in stability studies, because the negative 
sequence is not expected to influence the stability.  
However, some wind turbines could trip due to the negative 
sequence in the event of unbalanced faults. Still, the first 
edition of IEC 61400-27 is not likely to include negative 
sequence models. 

The meetings in 2010 have focused on the model validation 
procedure. This has been a challenge, because the common 
practice for validation is very different from one country to 
another. As an example, Germany has issued a very detailed 
guideline for validation, while USA essentially bases the 
validation on engineering judgement.  

In order to make these differences meet, a smaller validation 
subgroup was established to compare the different 
approaches and eventually propose a procedure to be 
discussed in WG27. Some of the difficulties to define a fair 
and still informative procedure for validation are described 
further in the following modelling and validation sections. 

The work on specification of models has ramped up in 
2011. For this purpose, a new modelling subgroup was 
established. The modelling subgroup has a substantial 
overlap with the WECC renewable energy modelling 
working group, and it mainly consists of manufacturers 
because the aim is that the generic models should have a 
reasonable coverage of the actual wind turbines. EPRI also 
plays a key role in the modelling subgroup to support the 
merging of manufacturer specific models into generic 
models.  

C.  Time schedule towards a standard 

The development of an IEC standard involves several 
stages. The first stage is to have the work approved by the 
national committees, which was done in April 2009. The 
second stage is for the working group (WG27) to prepare a 
(first) committee draft (CD) of the standard. Ideally, from 
the perspective of IEC, this stage should take only one year. 
The scope of WG27 is very complex, and therefore the CD 
stage is estimated to be finalised by the end of 2011. When 
the CD is submitted by WG27, the national committees 
must comment on it. WG27 should then compile the 
comments and decide if it will submit a committee draft for 
voting (CDV) to the national committees, or if  another CD 
is needed. If the national committees vote yes for the CDV, 
then a final draft international standard is prepared. All 
together, this process is quite time consuming, so a printed 
standard for part 1 (wind turbines) is not expected to be 
available before mid 2013, and for part 2 (wind power 
plants) in early 2015. 

IV.  MODELLING OF WIND GENERATION SYSTEMS 

As stated in the introduction, presently the IEC TC88 WG27 
is focused on the development of wind turbine generator 

(WTG) models.  Detailed discussions on the aggregate wind 
power plant models have not yet started in-depth.  This 
section summarises the current developments and 
discussions related to WTG models. 

One section of the standard being developed is dedicated to 
a detailed outline of the scope and limitations of the 
standard WTG models being developed for stability 
analyses.  Briefly, the models are to be used primarily for 
power system stability studies and thus should represent all 
dynamics affected and relevant during,  

 short circuits (a/c electrical faults) on the 
transmission grid (external to the wind power 
plant, including voltage recovery),  

 grid frequency disturbances (recommended +/- 
6% from system nominal frequency),  

 electromechanical modes of synchronous 
generator rotor oscillations (typically in the 0.2 
to 4 Hz range), and 

 set point changes in the WTG controls, such as 
step changes in voltage, reactive power and real 
power. 

It should be fully realized that these models are not intended 
to capture dynamics outside of the above specified ranges 
(e.g. fast electromagnetic transients, etc.). 

The modelling subgroup of the WG has reviewed and 
considered input from many sources including the first 
generation of generic models for WTG developed in the US 
[1], as well as publications from European researchers and 
vendors [2], [3], [4], to name a few.  

With respect to the so-called type 1 (conventional induction 
generator WTG) and the type 2 (variable rotor-resistance 
induction generator WTG), there is reasonable agreement 
between the various approaches as presented in [1] and [4].   

Figure 2 shows a high-level generic model structure which 
seems to apply to the type 1 and type 2 models proposed in 
[1] and [4], although the block and variable names have 
been adjusted.  
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Figure 2: Model structure covering type 1 and type 2 WTGs. For the type 1 
turbine, there is no controlled rotor resistance so that block essentially is 
eliminated. 

The aerodynamics model depends on the turbine type. Most 
type 1 wind turbines have fixed pitch angle on the blades, 
and in that case the aerodynamic torque (but not power) can 
be assumed constant [4]. Type 2 and some type 1 turbines 
have pitch angle control, which are represented quite 



 

similarly by “reduced” or “pseudo” models respectively in 
[1] and [2].  

The drive train mechanical model (which is in [1] denoted 
“Wind Turbine Model”) is generally accepted to be a two-
mass model including the stiffness between generator and 
wind turbine rotor. 

The induction generator model includes the rotor flux 
transients but neglects the stator flux transients, which is 
common practice in power system stability studies.  

The rotor resistance control block is only used for type 2. 
Type 1 turbines have constant rotor resistance. 

The more complex and interesting models are those 
associated with the type 3 (doubly-fed asynchronous) and 
type 4 (full-converter) generators.  Much of the dialogue 
and work presently in the modelling subgroup is around 
these models.  Figure 3 shows a high-level diagram of the 
proposed model structure for the type 3 and 4 WTG.  The 
actual models for the type 3 and type 4 WTG may be 
different from each other in the details of each of the 
specific blocks.  As shown in the figure, the type 3 and 4 
WTG has three major components: 

1. the generator/converter model, 

2. the electrical controls model, which defines the 
control of the active and reactive power of the 
unit, and 

3. the model of the aerodynamics and drive-train, 
essentially the mechanical side of the unit. 

For the type 4 WTG there is general agreement in the group 
that the generator/converter dynamics may be reduced to a 
simple small lag time constant.  Given that the actual 
controls are orders of magnitude faster than the typical 
integration time-step of stability studies, much of the 
dynamics may be neglected as it is outside of the frequency 
band of interest.  For example consider Figure 4.  The figure 
shows the response of the reactive current output of a type 4 
WTG to an imposed voltage-dip.  For stability studies, the 
rather short duration and high-frequency transient “spikes” 
upon fault inception and clearing, which can be seen in the 
kilo-hertz sampled measurements (blue trace), are not of 
interest.  Thus, the generic stability level model, which 
typically runs at an integration time step of ¼ to ½ of a 
cycle, in tuned to capture the overall envelope of the current 
behaviour. 
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Figure 3: The generic WTG model structure. 

 
Figure 4: Reactive converter current for model versus measured response 
for a 3-phase voltage dip [5] (IEEE © 2011). 

For the type 3 WTG there is presently discussion in the 
group to consider possibly modeling some of the dynamics 
associated with the electrical machines flux dynamics, in a 
rather simple way [2].  This is still under discussion and 
review.   

For the electrical controls of the type 3 and type 4 WTG 
there is common agreement on the general structure of the 
controls.  The controls are presently represented by simple 
proportional-integral control loops.  There is, however, 
some discussion on the details of the emulation of ramp 
rates in the reactive and active power recover of the unit 
following grid faults. 

For the drive-train a model has been proposed, based 
primarily on the model in [1].  There is general agreement in 
the group with respect to the two-mass model of the drive-
train.  As for the representation of the aerodynamic two 
simple models have been proposed, one based on [6], and 
another that is an extension of this simple representation 
which adds an offset and dependency on the speed and 
initial power. These additional features may allow for the 
type 3 WTG to consider some of the changing dynamics of 
the mechanical side as a function of initial wind speed. 
These aspects are still under discussion. 

V.  MODEL VALIDATION 

The objectives of a validation process are to specify a 
procedure on how to validate the output of a wind turbine 
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simulation model in order to be compared with measured 
values from the wind turbine in concern.  

In addition the results of a validation procedure could be 
applicable for quantifying the simulation model accuracy 
with the purpose of being applied in various grid stability 
evaluations and planning studies. 

The validation procedure in the standard gives the 
preconditions to be fulfilled, the environmental set-up and 
the specifications for validation of an electrical simulation 
model. The validation procedures specified includes both 
balanced as well as unbalanced faults. 

The simulation model validation tests include the following 
wind turbine functional characteristics:  

 validation of the simulation modelling response to 
voltage drops, 

 validation of the simulation modelling of the active 
power control functionality, 

 validation of the simulation modelling of the 
reactive power control functionality, and 

 validation of the simulated response of a grid 
protection functionality.  

A.  Validation requirements 

The validation requirements being discussed are as briefly 
presented here.  

The required validation tests for the three functional 
characteristics shall be referenced to the wind turbine 
terminals. 

The required validation test set-up shall follow the generic 
structure as given in Figure 4. 

 

 

Figure 4:  Generic test structure  

To be compliant with this standard all required validation 
tests shall be performed and documented with the results 
from the validation procedures. 

The result of the validation tests is to state or quantify the 
following characteristics of a simulation model:  

 the errors between the measured and the simulated 
values, and  

 to state the application range of the validated 
simulation model. 

The simulation model validation is not intended to justify 
compliance to any grid code requirement, power quality or 
national legislation. 

The measurements used for validation shall be based on the 
IEC 61400-21 specifications. All measurements shall be 
referenced to the wind turbine terminals as defined in IEC 
61400-21, clause 3.22. All measured values specified shall 
be filtered, sampled, averaged and aggregated as specified 
in IEC 61400-21, clause 7. 

A testing plan shall be compiled for every measurement 
used for validation.  

Validation tests applying three phase faults for voltages 
drops and fault durations shall be validated by at least one 
measurement of each case specified in IEC 61400-21 in 
order to validate a simulation model. The same procedure 
shall apply for 2-phase faults inasmuch as they are 
demanded.  

B.  Compliance to the standard 

To be compliant with this standard, the fundamental-
frequency, positive-sequence response of the model shall be 
validated against the fundamental-frequency, positive-
sequence response of the wind turbine from the test 
measurements.  The tests and model response are for 
balanced and unbalanced voltage drops.  

If a model simulates the negative sequence response of the 
wind turbine in addition to the positive-sequence response, 
then the simulated negative sequence response can be 
validated from the fundamental-frequency, negative-
sequence response of the wind turbine from the test 
measurements. This pre-requires the submitting of the 
fundamental-frequency, negative-sequence test results. 
There is the need to still discuss some of these aspects 
within the IEC group given that the stability models are 
primarily positive sequence based. 

The validation may be performed in one of two general 
approaches. In the first approach, one would model the wind 
turbine systems and also have an equivalent representation 
of the grid and the interface between the wind turbine and 
the grid.  In the second approach (sometimes referred to as a 
‘play-back’ approach) only the wind turbine system is 
modelled and one of the measured signals (typically 
voltage) is played-back into the model while the response of 
the other measured quantities (typically active and reactive 
current, and active and reactive power) of the wind turbine 
generator are validated against the simulated response of the 
model.   

The measurements for use in the validation of the wind 
turbine simulation model are to be made at the terminals of 
the wind turbine generator system.  According to IEC 
61400-21 this point (the terminals of the wind turbine 
generator system - named as POC) is defined by the 
manufacturer and thus can be either (i) the low voltage side 
of the generator step-up transformer, or the (ii) high voltage 
side of the generator step-up transformer. These two 
different positions of the POC could have an impact on the 
validation test result as discussed in the standard, due to the 
behaviour of the transformer. 



 

C.  Error calculations  

To provide a comparison of measured values and simulated 
values, an evaluation of the deviation between the simulated 
values will need to be performed.  This is discussed in more 
detail in the actual standard document being developed. 

It must be understood that any measurement process has 
associated errors.  The cumulative effect of such errors can 
easily fall in the range of several percent, this is discussed in 
more detail in an annex of the standard.  As such, one must 
be cognizant of these facts and not require a match between 
measurement and simulation that is unreasonable.   

VI.  SUMMARY AND OUTLINE  

This paper presents an overview of the continuing work of 
the IEC TC 88 WG27 working group.  The considerations 
and challenges during the development of the standard are 
discussed. Dynamic models used for power system stability 
simulations are derived after significant simplifications of 
actual equipment controls and physics, for it is neither 
practical nor appropriate to achieve perfect representation of 
all dynamics (e.g. down to electromagnetic transients level). 
There is a compromise, and significant challenge, between 
achieving models that adequately represent dynamics in the 
frequency range of interest for stability studies, while not 
making the models and model validation overly complex. 

The validation will be based on the measurements described 
in IEC 61400-21.   

The working group expects to have the first Committee draft 
(CD) ready by the end of 2011.  

The work on the part II will start directly after the 
submission of the part I and will specify dynamic simulation 
models for generic power plant topologies/configurations 
including wind power plant control and auxiliary 
equipment. This part will also specify methods to create 
models for future wind power plant configurations.  

There exist today no test or measurement procedure for 
wind power plants, the validation procedure in part II of the 
standard will define some validation procedures and the WG 
27 will work closely together with the MT 21 to define 
measurement procedures for Wind Power Plants in a new 
revision of this standard.     
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VIII.  APPENDIX 

The following is a list of the variables shown in Figure 3. 
 
Ipcmd active power command  
Iqcmd reactive power command 

I  Injected current from the WTG 

socI  Injected current from the WTG transformer 

to the grid reference frame 
Pe  electrical real power injected by the WTG 

into the grid (+ve value means power going 
from WTG into the grid) 

pfref reference power factor 
Pm0 Initial mechanical power output – 

determined during model initialization 
Pord real power order 
Pref  Real power reference 
Qe  electrical reactive power injected by the 

WTG into the grid (+ve value means power 
going from the WTG into the grid) 

Qref reactive power reference 
Vt terminal voltage of the WTG 
Vreg voltage that is being regulated by the WTG 

electrical controls (may be different to Vt) 
g   speed of the generator  
ref speed reference (i.e., the current speed 

reference for the turbine, which is 
determined by a user-defined lookup table 
that defines speed versus power output) 

0 Initial speed – determined during model 
initialization 

0 Initial “pitch” angle – determined during 
model initialization 
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