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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND TURBINES -

Part 27-1: Electrical simulation models —
Wind turbines

FOREWORD

this end and in addltlon to other activities, IEC publishes International
Technical Reports, Publicly Available Specifications (PAS) and Guides

governmental organizations liaising with the IEC also partlmpate i
with the International Organization for Standardization (ISO
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matiers €

interested IEC National Committees.

3) IEC Publications have the form of recom and are accepted by IEC National
Committees in that sense. While all reasonab re that the technical content of IEC
Publications is accurate, IEC cannot be held™respogsible fox the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote internatiopal uniformit & NationaNCowmittees undertake to apply IEC Publications
transparently to the maxinum ‘e ible in ir natipnal and regional publications. Any divergence

between any IEC PublicationNand the gnding nationalor regional publication shall be clearly indicated in

the latter.

5) IEC itself does nof provide t confQrmity. Independent certification bodies provide conformity
assessment sery i 3 6 IEC marks of conformity. IEC is not responsible for any
services carried 0

6) All users should ensute tha e atest edition of this publication.

7) No liability shall gttac s_direciors, employees, servants or agents including individual experts and
members of itg_technical co i IEC National Committees for any personal injury, property damage or
other damage ofa whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses aNsing oOu ation, use of, or reliance upon, this IEC Publication or any other IEC

8) AttentionN Y ) ative references cited in this publication. Use of the referenced publications is
indispensab ef application of this publication.
9) Attention is drawr possibility that some of the elements of this IEC Publication may be the subject of

patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61400-27-1 has been prepared IEC Technical Committee 88: Wind
turbines.

The text of this draft is based on the following documents:

Enquiry draft Report on voting
88/510/FDIS 88/529/RVD

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts in the IEC 61400 series, published under the general title Wind turbines, can
be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this puklic Wicates
that it contains colours which are considered to e correct
understanding of its contents. Users should therefore pxint t t using a
colour printer. <\
% \\>
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INTRODUCTION

The IEC 61400-27 series specifies standard dynamic electrical simulation models for wind
power generation. IEC 61400-27-1 specifies wind turbine models and model validation
procedure. IEC 61400-27-2 will specify wind power plant models and model validation
procedure.

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 behaviour of their machines with a high level of
detail. Such level of detail is not suitable for stability studies of large power systems with a
huge number of wind power plants, firstly because the high level of (detailN\increases the
complexity and thus computer time dramatically, and secondly beca of detailed
manufacturer specific models requires a substantial amount of inpt{ sent the
individual wind turbine types.

power system stability studies. The IEEE/CIGRE Joint 3 ability Terms and
Definitions has classified power system stability in categori i ie

| DN |
Rotor Angle Fwé\ Voltage
ity

Stability tabl Stability

SN ~ |
| F | | |
Small-Disturbapege T%ﬁt\ Large-Disturbance Small-Disturbance
Angle Stab@\ Stabilit Voltage Stability Voltage Stability
ERVANN \> | |
AN | | ] | |
Short Term Long Term
[
|Short Term| |Long Term|
© IEEE 2004
IEC

Figure 1 — Classifi¢ation of power system stability according to IEEE/CIGRE Joint Task
Force on Stability Terms and Definitions

Referring to these categories, the models are developed to represent wind power generation
in studies of large-disturbance short term voltage stability phenomena, but they will also be
applicable to study other dynamic short term phenomena such as rotor angle stability,
frequency stability and small-disturbance voltage stability. Thus, the models are applicable for
dynamic simulations of power system events such as short-circuits (low voltage ride through),
loss of generation or loads, and system separation of one synchronous area into more
synchronous areas as specified in the scope.

The models have to be complete enough to represent the dynamic behaviour at the wind
turbine terminals, but must also be suitable for large-scale grid studies. Therefore simplified
wind turbine models are specified to perform the typical response of known wind turbine
technologies.
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The wind turbine models specified in this standard are for fundamental frequency positive
sequence responsel. The models have the following limitations:

— The models are not intended for long term stability analysis.

— The models are not intended for investigation of sub-synchronous interaction phenomena.

— The models are not intended for investigation of the fluctuations originating from wind
speed variability in time and space. This implies that the models do not include
phenomena such as turbulence, tower shadow, wind shear and wakes.

— The models do not cover phenomena such as harmonics, flicker or any other EMC
emissions included in the IEC 61000 series.

— The models have not been developed explicitly with eigenvalue calculation (for small
signal stability) in mind?2.

— The models specified here apply onIy to wmd turbines, and therefgre®deo—+ot |clude wind

the wind power plant controller models in IEC 61400-27-2.

— This standard does not address the specifics of short-cire

ements to model accuracy. It only

specifies measures to gl odel3

— The validation progceduxe dges not 5t and measurement procedures, as it is
based on tests specified | .

— The simulatig o9 i i ot intended to justify compliance to any grid code
requirement, Qowe i i S i i ion.

— The test and mea és introduce errors which limit the possible accuracy

does not include steady state validation, but focuses on

— TSOs and DSOs aye end users of the models, performing power system stability studies
as part of the planhing as well as the operation of the power systems.

— Wind plant owners are typically responsible to provide the wind power plant models to
TSO and/or DSO prior to plant commissioning.

— wind turbine manufacturers will typically provide the wind turbine models to the owner.

1 This standard is dealing with balanced as well as unbalanced faults, but for unbalanced faults, only the positive
sequence components are specified.

2 These wind generation systems are highly non-linear and simplifications have been made in the development of
the proposed models. Thus, linearisation for eigenvalue analysis is not trivial nor necessarily appropriate based
on these simplified models.

3 Clause 6 specifies a large number of measures for model accuracy. The importance of the individual measure
depends on the type of grid and type of stability study. Annex B describes limits to the possible accuracy of the
models.
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Developers of modern software for power system simulation tools will use the standard to
implement standard wind power models as part of the software library.
— Certification bodies in case of independent wind turbine model validation.

Education and research communities, who can also benefit from the generic models, as
the manufacturer specific models are typically confidential.

@%
S
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WIND TURBINES -

Part 27-1: Electrical simulation models —
Wind turbines

1 Scope

IEC 61400-27 defines standard electrical simulation models for wind turbines and wind power

simulations of short term stability in power systems. IEC 61400-27
validation of the specified electrical simulation models. The
IEC 61400-27 is based on tests specified in IEC 61400-21.

IEC 61400-27 consists of two parts with the following scopg

parameters with the purpose of specifying the-gle al gharacteristics of a wind turbine at
the connection terminals. The mode : scfibe a mydular way which can be
applied for future wind turbine concep simulation models refer to the wind

turbine terminals. The validation p
IEC 61400-21 tests for response
protection.

61400-27-1 focuses on the

power plant canfig
models specj in

The electrical simula
simulation tool.

The following ts, ih whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated reference the latest edition of the referenced document (including any
amendments) applies.

IEC 60050, International electrotechnical vocabulary

IEC 61400-21, Wind turbines — Part 21: Measurement and assessment of power quality
characteristics of grid connected wind turbines

3 Terms, definitions, abbreviations and subscripts

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-415, as well
as the following apply:
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3.11

available aerodynamic power

maximum possible power taking into account wind speed, power rating, rotor speed limits and
pitch angle constraints.

3.1.2

generic model

model that can be adapted to simulate different wind turbines or wind power plants by
changing the model parameters

3.1.3

integration time step
simulation time interval between two consecutive numerical soluti
differential equations

the model’s

3.1.4

negative (sequence) component (of a three-phase system)

one of the three symmetrical sequence components which e ymmetrical
three-phase system of sinusoidal quantities and which i ' 8 ollowing complex

mathematical expression:

-l a2 )
Xp=z W ra" X, +aX,

where g is the 120 degree operator, and X\ e’complex expressions of the
phase quantities concerned, and where S S drrent or voltage phasors

Note 1 to entry: Negative sequence voltage oy cur may be significant only when the voltages or
currents, respectively, are unba . S phase™yoltdge phasors are symmetrical U 4= Uel®, U ,=
Uej(9+4n/3) and l—]L3= Uej(9+2n/3) hen = (Ueje N oM )Jr 2j27/3 Uej(9+2n/3))/3 = UejG (1 + ej21'[/3 + ej4n/3)/3 =0.
[SOURCE: IEC 60050- ified (addition of Note 1 to entry)]

3.1.5

nominal active po

nominal value of w i sower, which must be stated by the manufacturer and is

3.1.6
nomina
nominal va

P, and nominal vo 8 U, according to [, =

J3u,

3.1.7
nominal frequency
nominal value of wind turbine frequency, which must be stated by the manufacturer

3.1.8
nominal voltage
nominal value of wind turbine voltage, which must be stated by the manufacturer
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3.1.9
phasor
complex rms value

for a sinusoidal quantity a(r)= Acos(er +vp), complex value 4=A4e™ with 4_ 4

imaginary unit, A is complex amplitude,  is angular frequency, and p, is initial phase

[SOURCE: IEC 60050-103:2009 103-07-14]
3.1.10
point of connection

reference point on the electric power system where the user’s electrical fa is connected

[SOURCE: IEC 60050-617:2009, 617-04-01]

3.1.11
positive (sequence) component (of a three-phase system)
one of the three symmetrical sequence components whi
unsymmetrical three-phase system of sinusoidal quanti
following complex mathematical expression:

symmetrical and
¥ defined by the

1 2 )
{1 3X +aX +§{L3

3.1.12

power system stakhijli
capability of a @
operation of the gep
impedance

[SOURCE: -603:1986, 603-03-01]

3.1.13

quasi steady state of a system

short-term steady state, for instance during a voltage dip which is long enough to include a
period where the system state variables can be considered sensibly constant.

3.1.14

reaction time

elapsed time from the issue of a step change command until the observed value reaches
10 % of the step change

Note 1 to entry: Reaction time is illustrated in Figure 2.
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predefined
tolerance band

00 % [rewssssscssasfossnnnnnnsaduennnyprasannsunasannnnnnunenEnnER R AR
1 1
1 1
1 1
1 1
1 1
1 1
1 1
10% leerenennefunn [-eemnernnnnnnes e
T >
+— |
reacmcmI 1
time >
risg
timd

response time

v

<
<

settling time

IEC

3.1.15

response time
elapsed time from the issue of a step
enters the predefined tolerance band of

Note 1 to entry: Response tim

3.1.16
settling time

elapsed time fromthe Is
stays within the predeéfi

Note 1 to entry:

3.1.17
short-circuit

Note 1 to entry: Using physical units for line current (A) and nominal voltage (V), the product should also include

the factor ﬁ

[SOURCE: IEC 60050-601:1985, 601-01-14]

3.1.18

short-circuit ratio

ratio of the short-circuit power at the point of connection to the nominal active power of the
wind power plant or wind turbine

3.1.19

steady state of a system

operating conditions of a network in which the system state variables are considered to be
sensibly constant

[SOURCE: IEC 60050-603:1986, 603-02-06]
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3.1.20
system state variables
variable quantities associated with the electrical state of a system

Examples: Voltages, currents, powers, electric charges, magnetic fluxes.

[SOURCE: IEC 60050-603:1986, 603-02-02]

3.1.21

transient time period

time periods with measured electromagnetic transients which are not included in fundamental
frequency models

3.1.22

unbalance factor
in a three-phase system, the degree of unbalance expressed K
between the r.m.s. values of the negative sequence (or the zere_se
the positive sequence component of voltage or current

[SOURCE: IEC 60050-604:1987, 604-01-30]

3.1.23
under voltage ride through
UVRT

3.1.24
voltage dip
sudden reductlon of the

[SOURCE: IEC % €

3.1.25
wind power pla
power station co

3.1.26
wind tufb
rotating mas the kinetic wind energy is transformed into another form of energy
[SOURCE: IEC 60050-415:1999,1987, 415-01-01]

3.1.27

wind turbine terminals

a point being a part of the wind turbine and identified by the wind turbine supplier at which the
wind turbine is connected to the power collection system

Note 1 to entry: Same definition as in IEC 61400-21 defining the measurement point of the tests.

3.1.28

zero (sequence) component (of a three-phase system)

one of the three symmetrical sequence components which exists only in an unsymmetrical
three-phase system of sinusoidal quantities and which is defined by the following complex
mathematical expression:

X, :%()fu X0 +£L3)
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where X, 1, X, and X, 5 are the complex expressions of the phase quantities concerned, and
where X denotes the system current or voltage phasors

[SOURCE: IEC 60050-448:1995, 448-11-29]

3.2 Abbreviations and subscripts
3.21 Abbreviations

The following abbreviations are used in this standard:

AG asynchronous generator

C DC link capacitor

CB circuit breaker

CH chopper

CIGRE the International Council on Large Electric Syst
CRB crowbar

DCL DC link

DFAG doubly fed asynchronous §enexatd
GB gearbox

GSC generator side gonverter %
IEEE

LSC

MSC

NERC

ROCOF

SCADA

SG synchronoys generator

STATCOM static synchronous compensator based on a power electronics voltage-source

converter

SVC static var compensator

TR transformer

TSC thyristor switched capacitor bank, which is switched dynamically during voltage
dips

UVRT under voltage ride through

4 Often referred to as a doubly-fed induction generator (DFIG), but it is not operated as an induction generator
when the rotor current is controlled.
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VRRAG asynchronous generator with variable rotor resistance

WP wind power plant
WT wind turbine
WTR WT rotor

WTT WT terminals

3.2.2 Subscripts

ag air gap

base per-unit base value

cmd current command to generator system

drt drive train

DTD active drive train damping

E error between simulation and measureme
err controller input error

gen generator

init initial value

filt filtered

MAE and measurement
max

ME

mea

min

MXE een simulation and measurement
n

ord

p active component

q reactive component

u voltage

WTref WT reference value

sim simulated

UVRT under voltage ride through

WT variable at WTT

WTR WT rotor
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4 Symbols and units

4.1 General

In this standard, voltage and current values are positive sequence fundamentals unless
otherwise stated.

The following symbols are used in this standard in addition to the parameters defined in the
module library 5.6. For variables with physical units, the units are given in brackets. For per-
unit variables, the per-unit bases are given in the brackets.

4.2 Symbols (units)

® pitch angle (deg)
Tinit initial value of torque (T450)
Thase torque p.u. base value 7, . = QPn (Nm)
base
®gen generator rotational speed (£2,,5¢)
Oref reference rotational speed ((2,,¢¢)
OWTR WTR rotational speed (2%se)
-Qbase
-Qn
fn
Focs
Fyvrt
fsys
fwt
In
igen generator current phasor in power system coordinates (/)
wT WTT current phasor in power system coordinates (/)
IWTmea measured and signal processed WTT current (/,))
IWTraw raw WTT current measured according to IEC 61400-21 (/)
IWTsim simulated and signal processed WTT current (/)
Ipemd active current command to generator system (generation sign convention) (Z,,)
Ipmax maximum active current (generation sign convention) (/)
Iqemd reactive current command to generator system (capacitive sign convention) (/)
igmax maximum reactive current (capacitive sign convention) (7,,) Documents
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Iqmin minimum reactive current (capacitive sign convention) (/)
Ngear mechanical gear ratio between WTR and generator

Pag generator (air gap) power (P,)

Paero aerodynamic power (P)

Pord power order from WT controller (P,))

P, nominal active power of WT (W)

PWT WTT active power (generation sign convention) (P,))

DPWTref WTT active power reference (P,)
awT WTT reactive power (capacitive sign convention) (P,))
dWTmax maximum WTT reactive power (capacitive sign conye

dWTmin minimum WTT reactive power (capacitive sign

Trot VRRAG rotor resistance (Zy45c)
Teom common sample time used to compare

Trea sample rate of raw meas
T integration time step (s)
Ugen generator voltage phasor in

U nominal phasé

n

UwTt

Wraultas

Wpost time window defining the post-fault period (s)

Wpostqs ~ duasi steady state part of W (s)

Wpre time window defining the pre-fault period (s)

xg(n) simulation error time series provided by signal processing
XMAE mean absolute error in time window

XME mean error in time window

Ymeal?) measured time series provided by signal processing
XMXE maximum error in time window

Xgim (1) simulated time series provided by signal processing
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XWTref WTT reactive power reference (capacitive sign convention) or delta voltage
reference, depending on WT control mode (P, or U,,)

2

Zpase impedance base value Z, :7” (Q)

n

5 Specification of models

5.1 Overview

The objective of Clause 5 is to specify a set of generic simulation models covering the
existing WT types, and a structure to develop models for future WT types.

— Type 1: WT with directly grid connected asynchrohous\ g

resistance.

— Type 3: WT with doubly-fed async
connected through power converte

— Type 4: WT connected to the grid thro

— 5.4 specifies categeri
the model in [

These models have been developed with the following specifications in mind:

— The models span at least the existing four categories of currently developed WT
technologies: conventional asynchronous generators, variable rotor resistance
asynchronous generators, doubly-fed asynchronous generators and full-converter
interface WTs.

— The models are modular in nature to allow for the potential of augmentation in case of
future technologies being developed, or future supplemental controls features.

— The models are to be used primarily for power system stability studies and thus should
represent all positive sequence dynamics affected and relevant during

e balanced short-circuits on the transmission grid (external to the wind power plant,
including voltage recovery),
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e grid frequency disturbances>,

e electromechanical modes of synchronous generator rotor oscillations (typically in the
0,2 Hz to 4 Hz range), and

o reference value changes.
— The models are for fundamental frequency positive sequence response6.

— The models should be valid for typical power system frequency deviations (recommended
+ 6 % from system nominal frequency).

— The models should be able to handle numerically the simulation of phase jumps.

— The models should be valid for steady state voltage deviations within the range from 0,85
p.u. to 1,15 p.u.

— The models should be valid for dynamic voltage phenomena (e.g. fa
can dip temporarily close to zero?”.

e the voltage

— The typical dynamic simulation time frame of interest is from
Wind speed is assumed to be constant during such a time frz

nominal power.

— External conditions like wind speed should /@ into ascount implicitly through the
available aerodynamic power.
— Over/under frequency and over/u i should be modelled where it

entation of WT disconnection
iodules that connect to the main WT

exists in the control in order to
following grid disturbances. This

model10.
— The turbine-generatofi i i in torsional mode should be taken into
account where it cgr_ha ignifi igfluence on the power swings 11

— The models should
short-circuit
ratio and/or
equipment. Dy

6 In general, pqsitive ‘sequence simulations are sufficient for bulk power system stability studies. Correct
representation ofi\the negative sequence and zero sequence components is cumbersome.

7 The models are not validated for dynamic overvoltage events. For very low voltages, the validity is also
limited in the case of instability of the converter control (Géksu 2014)

8 The models can run stably with %2 cycle integration time steps, but some time constants may need to be
modified to become minimum two times the integration time step. Such parameter modification will affect the
model accuracy.

9 It is generally accepted that the minimum time constant which can be included in a dynamic model is two
times the integration time step. Thus, requiring % cycle integration time steps, the models should work with
integration time steps 0,005 s in the worst (50 Hz) case. The minimum time constant then becomes 0,01 s.
For a first order lag with time constant 0,01 s, the 3 dB bandwidth is 10 rad/s = 15,9 Hz, which is rounded
down to 15 Hz.

10 The specified fundamental frequency models do not reflect any grid protection faster than 1 cycle.

11 This is only possible if the eigenfrequency of the first drive train torsional mode is within the bandwidth of the
model. However, this is the case for practically all WTs.

12 Generally, dynamics associated with the PLL are one order of magnitude faster than those of the turbine
power controller. The impact of PLL is therefore marginal from a bulk power system studies standpoint.

Documents

Document Sharing Hub

Full document details: IEC 61400-27-12015


http://avadocuments2026.com/doc/iec-61400-27-1-2015
http://avadocuments2026.com/doc/iec-61400-27-1-2015

IEC 61400-27-1:2015 © IEC 2015 - 23 -

— The models should be clearly specified with block diagrams, explanation of non-linear
components and equations in the models, and discussion of any unique initialization
issues to allow for any software vendor to implement the models. The standard will not
describe the algorithms that are applied in the specific time series simulation tools, but
only the linear, non-linear and differential relations that are modelled.

— The generic models will include generic models for protection and control systems, which
will inevitably deviate from specific manufacturer systems. The models should easily be
parameterised to represent any manufacturer specific systems, which will be done by
definition of distinct blocks for protection and control. This structure will make it possible
to replace the generic control and protection system blocks with manufacturer specific
blocks.

— The model should include the reactive power capability of the WT.

5.3 Model interface

The purpose of this subclause is to specify the interface of the
interfaces to the grid model in the power system simulatio
specified in IEC 61400-27-2.

The general dynamic simulation interface between WT_mo and WP model is

illustrated in Figure 3.
s
vari es
< K\)/

Grid
% model
y
rid vatriables
/\ WT maqdel \\‘> >

=

T

3
é

WT
eference
alues

<

IEC

e 3 General interface between WT model,
model and WP model

as output. These inpUts and outputs refer to WTT.

WTs can receive online reference values, typically via the wind power plant SCADA system
from a wind power plant controller or from a remote control. The available set of reference
values is different, depending on the WT type, the WT manufacturer and operation mode. The
following reference values are considered in the generic WT models:

— Active power reference value.

— Reactive power reference value.

— Voltage reference value.

Note that the WT models can also simulate power factor control mode, but in that case, it is

assumed that the power factor reference value of the WT is constant throughout the
simulation.
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5.4 Parameters and initialisation
5.4.1 General

In order to use one of the generic models specified in 5.5, the WT manufacturer shall supply
the WT model parameters for each of the used modules identified in the table for the selected
model type. The global WT model parameters are identified and described in 5.4.3, but the
majority of the WT model parameters are identified and described in the tables of parameters
in the module library 5.6. These WT model parameters are categorized according to 5.4.2.

Some of the modules described in 5.6 also use initialisation variables, which are set by the
model initialisation, typically depending on the load flow case. 5.4.4 provides an overview of
the initialisation.

5.4.2 Parameter categories

dependent. The category of each WT model parameter i
parameters in the module library 5.6.

The three parameter categories are defined as follows;

The WT manufa
in 5.6 whenever
case dependent par
range for a speci

5.4.3

The glokal W meters are listed in Table 1. Those parameters are used in the
module library 6 and\th€ block symbol library Annex G in addition to the module specific
parameters lis ch of the individual models in 5.6

Table 1 — Global WT model parameters

Symbol Base unit Description
Ja Hz Nominal frequency
T s Integration time step

5.4.4 Initialisation
The initialisation of the WT model must be done in consistency with the initialisation of the

grid model and the wind power plant model specified in IEC-61400-27-2. The interface of the
initialisation of grid model, wind power plant model and WT model is illustrated in Figure 4.
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Load flow
Case dependent WP results
WP model ——p WP model < >
parameters
= © t Case dependent
=23 Grid |€—— load flow
s g 2 model parameters
£e”
\/ Load flow
Case dependent WT results
WT model ——p WT model < >
parameters

Figure 4 — General interface for initialisation of WT
WP model and grid model.

xplisitly in model block diagrams

Table 2 - Initialw %e

Symbol Baselkth\'\t (\ \/ Description
Pinit ZAN \ biﬁakpow >

Tinit se/\\/\ %{al ;wdy\sgate drive train torque

tan(p; ;) /\\ \@w;}/s}\@hh{factor used in power factor control

of nrodels
structure

This standard use e generic modular structure of the WT model shown in Figure 5. The
structure is consistent with the interface of the WT model defined in Figure 3. The horizontal
sequence of blocks in the middle reflects the conversion of aerodynamic power to electrical
power at the WTTs, while protection and control is shown above and below respectively.
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Figure 5 — Generic modular structure of
5.5.2 Type 1

5.5.21 Definition of type 1

which are included in the type
e.asynchronous generator (AG) via a

wnects generator and capacitors simultaneously.
TR) as stated in IEC 61400-21.

GB
MSC
AG

WTR

——

IEC

Figure 6 — Main electrical and mechanical components of type 1 WTs

Type 1 WTs may have fixed blade pitch angles or pitch systems allowing the blades to be
turned away from stall (positive pitch angle) or into stall (negative pitch angle, also denoted
active power control or Combi Stall control). The blade angle control is in some type 1 WTs
used in active UVRT control.

Therefore, two type 1 models are specified in 6.5.5.2 and 6.5.5.3: Documents
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— Type 1A: WTs with fixed pitch angle

— Type 1B: WTs with UVRT pitch angle control
5.5.2.2 Model specification of type 1A

Figure 7 shows the modular structure for the type 1A WT model. This model assumes that the
pitch angle is fixed.

- —

Grid
protection

[ Pace . @™  Generator
Aerodynamic Mechanical
[ —OwTR—]

IEC

Block MoNe (:\[}Qse\l aN \ng\}ule\ny*e

Aerodynamic 5.6 1.1\/\ \ “Co}s,gant aerodynamic torque model”
Mechanical & }BZQ & “Mmass model*

Generator system /)Asynchronous generator model*

Electrical equipment “Shunt capacitor model”
“Circuit breaker model”

(“Transformer model®)

Grid prote%tj{n \

5.5.2.3 Model specification of type 1B

“Grid protection model”

Figure 8 shows the modular structure for the type 1B WT model. This model includes UVRT
pitch angle control.
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t |

|
|
Paero uwt |
|

Control

/ \
| |
| Grid |
I protection |
| |
| f |
u
I }‘-NT Focs I
sys

[ i |
| |
| Mechanical @gei | Generator Ugen Electrical | Z_MWT
: . system igen equipment I }zj
|

|

|

|

|

|

|

|

NOTE The aerodynamic block is not included in the figure because t
control model.

The details for each block are given in

Table 4 — Modwles

Block Module clause M@‘l{na

“COM asro};namic torque model*

\We\mass }mdel“

“As}%hronous generator model®

M capacitor model*

>ircuit breaker model*

(“Transformer model®)

Aerodynamic

Mechanical

Generator system

Electrical equipmenQ}

Control

“Pitch control power model* “

Grid protection\

N\

5.5.3 Type 2

“Grid protection model*

5.5.3.1 Definition of type 2

Figure 9 shows the main electrical and mechanical components which are considered in the
type 2 WT model. A type 2 WT is similar to a type 1 WT in many aspects, but the type 2
turbine is equipped with a variable rotor resistance (VRR) and therefore uses a variable rotor
resistance asynchronous generator (VRRAG). Type 2 WTs are also normally equipped with
blade angle control.
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WTT

l

() _
N4

GB
MSC
VRRAG

WTR

——

EC

Figure 9 — Main electrical and mechanical compo

5.5.3.2 Model specification of type 2

gene models specified by
the IEEE / WECC working groupand used in the 2" (ge i MECC models (Pourbeik

/ \
l [
' [
| protection |
l [
: A [
Uwr |
I .f;ys FOCB |
| # |
| | "
I MeSharfcal Electrical I lfWT
' equipment | =wT
| | fsys
| | |
I pwt |
: Qero uwr I
| Jeys :
| * |
Control :
|
|
/

IEC

NOTE The aerodynamic block is not included in the figure because the aerodynamic effects are embedded in the
control model.

Figure 10 — Modular structure for the type 2 WT model

Figure 11 shows the modular structure for the type 2 control model. It uses the “Pitch control
emulator” module to control active power supplemented by the rotor resistance control model,
and passes the reactive power or voltage control reference xyT,s to the shunt capacitor
model in the electrical equipment module.
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/ \

| |

| . |
i Pitch control Do

| power I

| |

| |

| |

— |
pwr | Rotor |
Ween |  resistance [Py o

control

Fons :—> :

\ /

Figure 11 — Modular structure for the type 2 control

The details for each block are given in the Modules referred to in Table

Table 5 — Modules used in typeZQ\del

Block Module clause Module name
Mechanical 5.6.2.1 “Two mass mc/el >
Generator system 5.6.3.1 Asynchr?@g\;}h /at?r\mo
Electrical equipment 5.6.4.1 capagcitor m del
5.6.4.2 “Circuit mreak mod
(5.6.4.3) %rans me[ Mo
Control 5.6.5.1 “P‘ r model*
5.6.5.3(\ f\ {Rot0 |s?a§ control model*
Grid protection 5.6{8\ N aN \‘Q\rd\qote cfion model*

5.5.4 Type 3

5.5.41 Definition o

converter (GSC ~the [ine side converter (LSC) and the DC link (DCL) with the DCL capacitor
(C). Type 3 WTs can have sufficiently dimensioned GSC and chopper (CH) for voltage ride-
through without bypassing or disconnecting the converter. Others type 3 WTs include a
crowbar device (CRB) which short-circuits the rotor during electromagnetic transients and
converts the WT generator during this time into an induction machine.
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5.5.4.2 Model specification of type 3
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Figure 13 — Modular structure for the type 3 WT model

Figure 14 shows the modular structure for the type 3 control models.

Documents

Document Sharing Hub

Full document details: IEC 61400-27-12015


http://avadocuments2026.com/doc/iec-61400-27-1-2015
http://avadocuments2026.com/doc/iec-61400-27-1-2015

WWTR

DPWTref

wgen
pwr

Uwr

XWTref

-32 - IEC 61400-27-1:2015 © IEC 2015

/ ~
‘ |
|
: > '
| R :
I > Pitch
| control | o
|
I |
| @ref I
| |
| > |
! Pord |
. > |
| 1 .| Type3 J :
| P control I
e > i
|
| |
I /\ |
| A |
|
| NN
|
|
» |
|
| \K \\ =I -
I \ urrent .
I m " Nlimitation | famax
: g - — iqmin
|
|
| Fu\rr :
|
| Q [
| limitation |
| P> — :
| .
| ® P lgemd
| / :
— |
| N :
|
)

__________________ 7
IEC
tructure for the type 3 control models
The detai ven in the Modules referred to in Table 6.
able 6 — Modules used in type 3 model
Block \Médule clause Module name
Aerodynamic 5.6.1.3 “Two-dimensional aerodynamic model“ or “One-dimensional
aerodynamic model”

Mechanical 5.6.2.1 “Two mass model“
Generator system 5.6.3.2 or 5.6.3.3 “Type 3A generator set model“ or “Type 3B generator set model*®
Electrical equipment 5.6.4.2 “Circuit breaker model*

(5.6.4.3) (“Transformer model*)
Control 5.6.5.4 “P control model type 3

5.6.5.7 “Q control model”

5.6.5.8 “Current limitation model®

5.6.5.90r5.6.5.10 “Constant Q limitation model“ or “QP and QU limitation model*

5.6.5.2 “Pitch angle control model*
Grid protection 5.6.6 “Grid protection model”
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5.5.5 Type 4
5.5.5.1 Definition of type 4

Type 4 WTs are WTs connected to the grid through a full scale power converter. Figure 15
shows the main electrical and mechanical components which are considered in the type 4 WT
models in this standard. Type 4 WTs use either synchronous generators (SG) or
asynchronous generators (AG). Some type 4 WTs use direct drive synchronous generators,
and therefore have no gearbox.

WT,

GSC DCL LSC:

WTR

IEC

nents of type 4 WTs

Type 4 WTs with choppers can notma oY 3 neglecting the aerodynamic and
mechanical parts of the WIN\Type 4 ' rs inject post-fault power oscillations
due to damping of torsio i s@ the case for type 4 WTs with partially
rated choppers. Thes pt affecting the power system stability, but
the effect of torsional osci y be included using a two-mass mechanical
model. If partially xates 3 is qpplied,>then the damping coefficient in the two-mass
model can be ao@ . rating of the chopper. The type 3A model may be used to
simulate type 4 3 odels are usually sufficient because of the converter

decoupling of the dhve

but assuming corétant aerodynamic torque
5.5.5.2 Type 4A model specification

The modular structure for the type 4A WT model is shown in Figure 16.
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Figure 17 — Modular structure for the type 4A control model

The details for each block are given in the Modules referred to in Table 7.
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Table 7 — Modules used in type 4A model

Block Module clause Module name
Generator system 5.6.3.4 or 5.6.3.2 “Type 4 generator set model“ or “Type 3A generator set model“@
Electrical equipment 5.6.4.2 “Circuit breaker model*

(5.6.4.3) (“Transformer model*)
Control 5.6.5.5 “P control model type 4A“

5.6.5.7 “Q control model®

5.6.5.8 “Current limitation model”

5.6.5.9 or 5.6.5.10 “Constant Q limitation model“ or “QP and QU limitation model*
Grid protection 5.6.6 “Grid protection model”
28 The Type 3A generator set model can be used in type 4 WT models, which wil mR\g he reactive power

spike appearing when the voltage recovers. This spike is mainly caused by nuw effm::i&@ulations.

W%

5.5.5.3 Type 4B model specification

The modular structure for the generic type 4B WT model is re\18.
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igure 18 — Modular structure for the type 4B WT model

Figure 19 shows the modular structure for the type 4B control models.
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Block z\@du\l‘s\cla se\/\ Module name
Mechanical 5. >\1 \/ “Two mass model”

Generator syst% .6.\8\4§\5.6§3>2 “Type 4 generator set model” or “Type 3A generator set model” 2
Electrical ipmeant N 5.5:4. “Circuit breaker model”
%@{.3 (“Transformer model”)
Control \2>5.6 “P control model type 4B”
6.5.7 “Q control model”
5.6.5.8 “Current limitation model®

5.6.5.9 or 5.6.5.10

“Constant Q limitation model“ or “QP and QU limitation model*”

Grid protection

5.6.6

“Grid protection model”

28 The Type 3A generator set model can be used in type 4 WT models, which will remove the reactive power spike
appearing when the voltage recovers. This spike is mainly caused by numerical effects in the simulations.
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5.6 Module library

5.6.1 Aerodynamic models

5.6.1.1 Constant aerodynamic torque model

The block diagram for the constant aerodynamic model is shown in Figure 20. The module

requires no manufacturer supplied parameters. The initial torque r, , must be set by the load-
flow.

WOWTR

Figure 20 — Block diagram for constant aerod

5.6.1.2 One-dimensional aerodynamic model

dependency on the rotor speed. The
given in Table 9, and the block diagra
set by the load-flow.

Table 9 - Pawﬁ\one
i N

Symbol Base unit Description Category

l
w0 deg (\ ?Initial r@ch\aqgle \/ Case
k, p,/de? Y/ NAerodynamic gaia > Type

ional aerodynamic model

—_———_ - Y — — — — —— =

IEC

Figure 21 — Block diagram for one-dimensional aerodynamic model

5.6.1.3 Two-dimensional aerodynamic model

The two-dimensional aerodynamic sub model corresponds to the model proposed in Fortmann
(2014).The two-dimensional aerodynamic model parameters are given in Table 10, and the
block diagram is given in Figure 22.

Table 10 — Parameter list for two-dimensional aerodynamic model

Symbol Base unit Description Category

: : a
Pavail P, Available aerodynamic power Case

0, deg Pitch angle if the WT is not derated ? . __C_)aino_c_um_ents
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Symbol Base unit Description Category
o, D ase Rotor speed if the WT is not derated Type
dpg P, /deg Partial derivative of aerodynamic power with respect to Type
changes in pitch angle
dp,, P82 e Partial derivative of aerodynamic power with respect to Type
changes in WTR speed
0,, deg Blade angle at twice rated wind speed Type
dp.i P /2 e partial derivative dp,, at rated wind speed Type

The available aerodynamic power allows modelling derated operation for the integration with wind power plant
power controller in order to allow the WT to increase active power if there is enough available aerodynamic
power. The initial aerodynamic power cannot be greater than p_ ...

b The pitch angle should normally be zero for Pavail <1 @nd greater than zero if p, ., =( or if the initial value of
Paero 1S l€8S that p_ .. ~

Qck diagram for two-dimensional aerodynamic model

Annex E describe & background for the two-dimensional aerodynamic model, including a
guideline to the W anufacturer for determination of the case dependent model parameters
and for the software vendor how to calculate the initialisation if the necessary parameters are
provided by the manufacturer.

5.6.2 Mechanical models
5.6.2.1 Two mass model

The module parameters are given in Table 11, and the block diagram is given in Figure 23.13

13 Some software tools include the generator inertia in the built-in generator model. In this case, the additional
mechanical model should interface with the generator shaft instead of the generator air gap, and
consequently not include the generator inertia. The complete mechanical model will then still be a two mass
model as described in 5.6.2.1.
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Table 11 — Parameter list for two-mass model

Symbol Base Description Category
unit
Hy1r s Inertia constant of WT rotor Type
gen s Inertia constant of generator Type
kgt Tpase Drive train stiffness Type
Cyrt Tyase! Drive train damping Type
Qbase

If motor models are\used, then the user must take into account that the modules in this
standard assumes geperator sign convention.

5.6.3.2 Type 3A generator set model

The module parameters are given in Table 12, and the block diagram is given in Figure 24.

The output of the generator model is a current, injected through a current source with parallel
impedance Xs. However, in some power system simulation software, ‘control’-parts and ‘grid’-
parts of a model are treated differently. To improve the convergence behaviour of the
simulation in such cases, it is recommended to move the parallel impedance Xs described by
the term “stator voltage divided by the transient reactance” so that it is incorporated into the
grid equations as suggested in Fortmann et al (2014).

The losses in the generator system are neglected setting the generator air gap power p,
equal to the WT terminal power.
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Table 12 — Parameter list for type 3A generator set model

Symbol Base unit Description Category
Ko, - Current PI controller proportional gain Type
T s Current Pl controller integration time Type
constant
xg Zpase Electromagnetic transient reactance @ Type
dipmax I/s Maximum active current ramp rate Project
diqmax I/s Maximum reactive current ramp rate Project

defined in Fortmann et. al. (2014)

a8 The electromagnetic transient reactance should be calculated from the electromagnetic transient inductance as

Controls Reference Frame Grid Reference Frame

lqmin

Figure 24 — Block diagram for type 3A generator set model

5.6.3.3 Type 3B generator set model

IEC

The module parameters are given in Table 13, and the block diagram is given in Figure 25.
This type 3B generator set model is the state-of-the-art simplification of the 3A generator set
model with addition of a crowbar model (Buendia et al, 2012).

The output of the generator model is a current, injected through a current source. However, in
some power system simulation software, the current source needs a parallel impedance to
improve the convergence behaviour of the simulation. In such cases, it is recommended to

Documents

Document Sharing Hub

Full document details: IEC 61400-27-12015


http://avadocuments2026.com/doc/iec-61400-27-1-2015
http://avadocuments2026.com/doc/iec-61400-27-1-2015

IEC 61400-27-1:2015 © IEC 2015 -41 -

move the term “stator voltage divided by the transient reactance” so that it is incorporated into

the grid equations as suggested in Fortmann et al (2014).

Table 13 — Parameter list for type 3B generator set model

Symbol Base Description Category
unit

Tg s Current generation Time constant Type
dipmax I/s Maximum active current ramp rate Project
diqm,aX I/s Maximum reactive current ramp rate Project
xg Zpase Electromagnetic transient reactance Type
Tow(du) svs. U, Crowbar duration versus voltage variation Case /\(

look-up table ~
Too s Time constant for crowbar washout filter Case /\ \
Mytowp - Crowbar control mode Case \ \ \/

K

N
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Figure 25 — Block diagram for type 3B generator set model

5.6.3.4 Type 4 generator set model

The module parameters for the type 4 generator model are given in Table 14, and the block
diagram is given in Figure 26.
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Table 14 — Parameter list for type 4 generator set model

Symbol Base Description Category
unit

Tg s Time constant Type

dipmax 1/s Maximum active current ramp rate Project

diqmax I/s Maximum reactive current ramp rate Project

diqmin 1/s Minimum reactive current ramp rate Project

f
|
|
ipmax :
| dipmax *
| A
|
| 1

1457,

ipcmd >

iqmax

i qemd

V)
Py
o

ZWT

D

Y

Re
N\
L

IEC

5 — Parameter list for reference frame rotation model

Symbol Base Description Category
unit
TorL s Time constant for PLL first order filter model Type
Upy | 1 U, Voltage below which the angle of the voltage is filtered and Type
possibly also frozen?
Upi |2 U, Voltage below which the angle of the voltage is frozen if Type
b
UpLip S Upy L

b

2 Angle is filtered and/or frozen to avoid instabilities due to lack of voltage reference.

The‘ value of Up, L Should be coordlnatgd with the value of up |- Usua!lly, Upp o S Upp - Up o IS employed to
avoid numerical problems when voltage is close to zero and then angle is not numerically valid.
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Figure 27 — Block diagram for the refe

5.6.4 Electrical equipment
5.6.4.1 Shunt capacitor models

This standard does not specify moadels pacitors. For mechanically switched

be used. Normally, the i i not include the reactor, which is standard in
SVCs.

The standard cirguit\bre the simulation tool should be used. The circuit breaker
model must og i hen it receives the Fqp flag.

This standard_do pecify a model for the transformer. The standard transformer model
ould be used.

5.6.5 Control models
5.6.5.1 Pitch control power model
This module corresponds to the type 1 and type 2 WT pitch controller proposed for the 2"

generation WECC models (Pourbeik 2013). The module parameters are given in Table 16,
and the block diagram is given in Figure 28.

Table 16 — Parameter list for pitch control power model

Symbol Base Description Category
unit
T: s Voltage measurement time constant Type
dPrax P, Rate limit for increasing power Type
dP min P, Rate limit for decreasing power Type DAacLim t
| = A A A 1N D! wn s
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Symbol Base Description Category
unit
T, 5 Lag time constant Type
Prnin P, Minimum power setting Type
Pset P, If pinit < Pset then power will be ramped down to p . Type
Ty(uyt) s(U,) Lookup table to determine the duration of the power Type
reduction after a voltage dip, depending on the size of the
voltage dip 2
UyyRT U, Dip detection threshold ? Type
2 Note that for compatibility with the WECC models, the lookup table must be defined as steps between four
points.
b Note that for compatibility with the WECC models, uyyrt Must be equal to the highest @zag\eiRTd(uWT).

5.6.5.2

The module

Pitch angle ©

— Parameter list for pitch angle control model

Full document details: IEC 61400-27-12015

Symbol | Base urm\\/ Description Category
Pw deg/Q, e Speed Pl controller proportional gain Type

K deg/©2 /s | Speed Pl controller integration gain Type

Kpe deg/P, Power PI controller proportional gain Type

K, deg/P, /s Power Pl controller integration gain Type

Kpy £ 256/ Pr Pitch cross coupling gain Type

0 ax deg Maximum pitch angle Type

O min deg Minimum pitch angle Type

de, ., deg/s Maximum pitch positive ramp rate Type

d® i deg/s Maximum pitch negative ramp rate Type

To s Pitch time constant Type
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Tab eter list for rotor resistance control model
AN
Symbol se ™\ \) Description Category
un
Tpfiltrr s Wtime constant for power measurement Type
Kpfilt - Filter gain for power measurement Type
T iitter s Filter time constant for generator speed measurement Type
K i - Filter gain for generator speed measurement Type
pr(Aw) P, Power versus speed change (negative slip) lookup table | Type
('Qbase)
Ko Zase'Pn | Proportional gain in rotor resistance Pl controller Type
rr Zpase Integral gain in rotor resistance Pl controller Type
/P /s
T max Zpase Maximum rotor resistance Type
T'min Zpase Minimum rotor resistance Type
Documents
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5.6.5.4

P control model type 3

and Figure 32.

Table 19 — Para te

/
|
|
pPwr |—>
|
|
|
|
|

—_——

pfiltrr

K ofilt
14T gy,

T

Frot

Symbol Base unit ptlon ‘ Category
Q Offset(to referenc va th limits controller action | ¢
® ase
offset base during\rotof{spee
w(p) _Qbaseg;)\ Nﬁi byﬂfoku%ab’fe Type
Ko, beés\e/.ob lPIRntWoportiMI gain Type
K, TLSJ)Q{\HS}S\ PI\‘Qn\erIIeNegration parameter Type
Tpf||tp3 < 2 < Ner}kqe\c@a{tant for power measurement Type
Tufiltp3 ((\ \FMm}constant for voltage measurement Type
T ref / S Time)onstant in speed reference filter Type
T fittp3 5 ﬁﬂé’ time constant for generator speed Type
(\ measurement

Koo /\\ \ }H/Q&e Gain for active drive train damping Type
PDTbmax \ M Maximum active drive train damping power Type
é’ > Coefficient for active drive train damping Type
®p1p D ase Active drive train damping frequency, can be Type

calculated from two mass model parameters in

Table 11:

1 1
Oprp = g - +
2.[_[WTR Z.ngn

Tpord s Time constant in power order lag Type
dP max P /s Maximum WT power ramp rate Type
AP efmax P./s Maximum ramp rate of WT reference power Project
dP etmin P /s Minimum ramp rate of WT reference power Project
Updip U, Voltage dip threshold for P-control. Part of turbine Project

control, often different (e.g 0.8) from converter

thresholds.
Az ax Ty ase/S Ramp limitation of torque, required in some grid Project
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Symbol Base unit Description Category
Temin Tyase Minimum electrical generator torque Type
Tuscale Tpase’Un Voltage scaling factor of reset-torque Project
Myuyrt - Enable UVRT power control mode (0: reactive Project
power control — 1: voltage control)
dt . UVRT Tpase /S Limitation of torque rise rate during UVRT Project
Upys U, Voltage limit for hold UVRT status after deep Project
voltage sags
Tpyvs s Time delay after deep voltage sags Project
, s - - - —-------"-"""""-"="-"="""""""-""""""""""-""="""="""-""=-—"="—""="—""= -0 0 ~ N
I )
[ [
uwt ; ipcmd
\ Y
iy ——1 |
gen —e |
| dprefmax |
I / M1 Or
\ \
PwTref :_’V }
\ / \
\ \
| dprefmin |
\ \
\ \
\ 1 . \
\ > »!
pwr }_/V 1+“va!\\193 ) 1+5T, } Pord
\ \
\ \
\ \
\ \
| PDTDmax |
\ \
| 2L Wy |
i o e oy i
‘ DTD DTD ‘
\ \
‘\ “PDTDmax l
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1 — Block diagram for type 3 P control model
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