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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardizatioh, con
ational electrotechnical committees (IEC National Committees). The object of IEC is to promote interr
peration on all questions concerning standardization in the electrical and electronic fields:, To this ¢
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This d

ocument has been drafted in accordance with the ISO/IEC Directives, Part 2.

The text of this International Standard is based on the following documents:

FDIS Report on voting
88/762/FDIS 88/771/RVD

Full information on the voting for the approval of this International Standard can be found in the

report

This p

on voting indicated in the above table.

ublication has been drafted in accordance with the ISO/IEC Directives, Part 2.


https://iecnorm.com/api/?name=d1bae3ccbc55d6160339797869cc17b2

IEC 6

1400-27-1:2020 © IEC 2020 -9-

This second edition cancels and replaces the first edition, published in 2015. This edition
constitutes a technical revision and a restructure of the content into two parts. The new structure
joins the models in part 27-1 and the validation procedures in part 27-2.

This edition includes the following significant technical changes with respect to the previous
edition:

a) "Wind turbines" changed to "Generic models" because wind power plant models are also
included, and the model validation is moved to IEC 61400-27-2;

b) specification of models for wind power plants including plant control, communication system
model and aggregation procedure for power collection system in addition to the wind turbine

mgdetsTtheprevious editior;

c) maving validation prodedures for wind turbine models from this edition to part 27-2;

d) a
ge

more detailed modular structure separating wind turbine control into pitch |leontr
Inerator system control and extracting grid measurement modules from the d

madules. Figures are revised accordingly;
e) inglusion of model for STATCOM;

f) inglusion of electrical components modules.

A list

pf all parts in the IEC 61400, published under the general title Wind energy geng

systems, can be found on the IEC website.

Future standards in this series will carry the new generaltitle as cited above. Titles of e
standards in this series will be updated at the time of the/next edition.

The c

bmmittee has decided that the contents of this'publication will remain unchanged ur
ly date indicated on the IEC web site undér "http://webstore.iec.ch" in the data relg

the specific publication. At this date, the publication will be

stabili
e re
e Wi

e e

tonfirmed,
hdrawn,

blaced by a revised editiongor

e amended.

bl and

ontrol

ration

isting

til the
ted to
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INTRODUCTION

IEC 61400-27-1 specifies standard dynamic electrical simulation models for wind turbines and
wind power plants. The specified wind turbine models can either be used in wind power plant
models or to represent wind turbines without wind power plant relationships. Apart from the
wind turbine models, the wind power plant model may include models for auxiliary equipment
such as STATCOMs which are often used in wind power plants.

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
turbin@ manufacturers reproduce the behaviour of their machines with a high Tevel of Hetail.
Such [evel 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 detail increases the\complexity
and thus computer time dramatically, and secondly because the use of detailed ‘manufdcturer
specifjc models requires a substantial amount of input data to represent the 4ndividual wind
turbing types.

The plrpose of this International Standard is to specify generic dynamie models, which gan be
applie[d in power system stability studies. The IEEE/CIGRE Joint Task Force on Stability ferms
and Definitions [11]T has classified power system stability(in categories according to
Figurg 1.

Power System

Stability
Rotor Angle Frequency Voltage
Stability Stability Stability
Small-Disturbance Transient Large-Disturbance Small-Disturbance
Angle Stability Stability Voltage Stability Voltage Stability
Shorf Temrm ,——I |Short Term| | Long Term|

|Short Terml | Long Term|

IEC

Figufe 1= Classification of power system stability according to IEEE/CIGRE Joint|Task
Force on Stability Terms and Definitions [11]

Referring to these categories, the models are developed to represent wind power generation in
studies of large-disturbance short term stability phenomena, i.e. short term voltage stability,
short term frequency stability and short term transient stability studies referring to the definitions
of IEEE/CIGRE Joint Task Force on Stability Terms and Definitions in Figure 1. 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 [12], and system separation of a
synchronous system into more synchronous areas.

1 The numbers in square brackets refer to the Bibliography.
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The models shall be complete enough to represent the dynamic behavior of the wind power
plant at the point of connection and of the wind turbine at the wind turbine terminals, but shall
also be suitable for large-scale grid studies. Therefore, simplified models are specified to
perform the typical response of known technologies.

The wind power plant models specified in this document are for fundamental frequency positive
sequence responseZ2.

The models have the following limitations:

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

— Thle models are not intended for investigation of sub-synchronous interaction phenemena.

— The models are not intended for investigation of the fluctuations originating fromwind gpeed
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 emigsions
in¢luded in the IEC 61000 series.

— The wind generation systems are highly non-linear and simplificatiohs have been made in
th¢ development of the models. Thus, linearisation for eigenvallig analysis is not triv|al nor
necessarily appropriate based on these simplified models.

— Thlis document does not address the specifics of short-circuit calculations.

— The models are not applicable to studies where avind turbines are islanded without
syhchronous generation.

— The models are not intended for studies of situations with short-circuit ratios less than 3.
Thle short circuit limitation depends on wind turbine types, control modes and other se}tings.
Thle WT manufacturer can specify a lower limit for the applicable short-circuit ratio prgvided
that this application is validated according{to part 27-2.

— The models are limited by the functional*specifications in Clause 5.

The fqllowing stakeholders are potential users of the models specified in this document:

— T3YOs and DSOs are end users-of the models, performing power system stability studjies as
part of the planning as well as the operation of the power systems.

— Wind plant owners areytypically responsible to provide the wind power plant models tp TSO
and/or DSO prior to-ptant commissioning.

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

— Ddvelopers of'modern software for power system simulation tools will use the standfard to
implement,standard wind power models as part of the software library.

— Cagrtification bodies in case of independent wind turbine model validation.

— Cqgnsdltants who use models on behalf of TSOs, DSOs and/or wind plant developers

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

2 This document is dealing with balanced as well as unbalanced faults, but for unbalanced faults, only the positive
sequence components are specified.
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WIND ENERGY GENERATION SYSTEMS -

Part 27-1: Electrical simulation models —
Generic models

 wind
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This |document specifies electrical simulation models for the generic wind tprbine
topoldgies/concepts/configurations currently on the. market. The purpose of the model$ is to

turbing models are described in a modular way, which can be applied for future wind turbine

concepts. The specified wind turbine models.¢an either be used in wind power plant models or
to repfesent wind turbines without wind power plant relationships.

The electrical simulation models spegified in IEC 61400-27-1 are independent of any software
simulgtion tool.

2 Nprmative references

The fdllowing documents’are referred to in the text in such a way that some or all of their cpntent
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amengments)applies.

IEC 60050-415:1999, International Electrotechnical Vocabulary (IEV) — Part 415: Wind turbine
generptor’systems (available at www.electropedia.org)

IEC 61970-301, Energy management system application program interface (EMS-API) —
Part 301: Common information model (CIM) base

IEC 61970-302, Energy management system application program interface (EMS-API) —
Part 302: Common information model (CIM) dynamics

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 and the
following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

o |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1.1

auxiliary equipment
STATCOM or other device supplementing wind turbines in wind power plant

3.1.2

avail T
maxi%um possible power taking into account wind speed, power rating, rotor speed dimi
pitch @angle constraints

Note 1

3.1.3
base
unit o
or the

3.1.4
fault i
ability
ride th

3.1.5

genernator sign convention
cation of signs for active and reactive cemponents of current and power e.g. from @ wind

specif
turbin

Note 1

Likewisk, the reactive current and reactive power are positive if reactive power is generated as in the cag

capacit

3.1.6

genelrfic model

model
the m

3.1.7

grid variable

voltag

o entry: The aerodynamic power cannot be greater than available power.

init
parameter values, which is the per-unit base value if the parameter is given in ps
physical unit if the value is given in a physical unit

ide through
of a wind turbine or wind power plant to stay connected during voltage dips (under v
rough) and voltage swells (over voltage ride through)

b Oor a reactive power compensations;component

o entry: The active current and powerare positive if power is generated and negative if power is con

br and negative if reactive powerlis'consumed as in the case of a reactance.

that can be adapted to simulate different wind turbines or wind power plants by chg
pbdel parameters

le, cUrrent or frequency

s and

Br-unit

bltage

sumed.
se of a

nging

3.1.8
hook

input to or output from a module which is not used in the generic models specified in this
standard but may be used to expand generic models beyond the IEC 61400-27-1 scope e.g. to
match manufacturer specific models or to match specific national grid connection requirements

3.1.9

integration time step
simulation time interval between two consecutive numerical solutions of the model’s differential
equations

3.1.10

modu
part o

le
f a model which has a modular structure
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3.1.11

negative (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:

1 2
X, _E(XU ta X, +Q£L3)

where ¢ is the 120 degree operator, and X, 4, X| » and X| 3 are the complex expressions of the
phase quantities concerned, and where X denotes the system current or voltage phasors

[SOURCE: IEC 60050-448:1995, 448-11-28]

3.11

nominal active power
nominjal value of active power which is stated by the manufacturer and is used as per-unif base
for alllpowers (active, reactive, apparent)

[SOURCE: IEC 61400-21-1:2019, 3.15,modified — Removed "wind turbine" from definitign]

3.11
nominal frequency
nominjal value of wind turbine frequency stated by the maftufacturer

3.11
nominal voltage
nominjal value of wind turbine phase-to-phasevoltage stated by the manufacturer

3.1.14
over yoltage ride through
ability|of a wind turbine or wind power’plant to stay connected during voltage swells

3.1.16
phasqr
compjex RMS value
repregentation of a sinUsoidal integral quantity by a complex quantity whose argument is|equal
to thelinitial phase and' whose modulus is equal to the RMS value

. A
Note 1 fo entry:\For a quantity a(r) = Acos(wt+9,) the phasor is A:Aexp(jﬁo) where A:ﬁ is the RMS value and

9, is thédnitial phase. A phasor can also be represented graphically.

Note 2 to entry: Electric current phasor 7 and voltage phasor U are often used.

Note 3 to entry: The similar representation with the modulus equal to the amplitude is sometimes also called
"phasor".

[SOURCE: IEC 60050-103:2017, 103-07-14]

3.1.17
point of connection
reference point on the electric power system where the user’s electrical facility is connected

[SOURCE: IEC 60050-617:2009, 617-04-01]
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3.1.18

positive (sequence) component (of a three-phase system)
one of the three symmetrical sequence components which exists in symmetrical and
unsymmetrical three-phase system of sinusoidal quantities and which is defined by the following
complex mathematical expression:

1 2
X, —g(lu taX,+a KL3)

where ¢ is the 120 degree operator, and X, 4, X| » and X| 3 are the complex expressions of the

phase quantities concerned, and where X denotes the system current or voltage phasors

[SOURCE: IEC 60050-448:1995, 448-11-27]

3.1.19

power device
wind turbine or auxiliary equipment

3.1.20
powe
capab
opera
imped

Note 1
ability ¢
after bg
system

[SOUJ

3.1.21
short
produ
the op

Note 1
the facf

[SOUE
"nomi

3.1.22
short
ratio @
power

 system stability

ility of a power system to regain a steady state, charactérized by the synchr|
ion of the generators after a disturbance due, for example, to variation of pov
ance

to entry: IEEE/CIGRE Joint Task Force on Stability Terms<and Definitions: Power system stabilit
f an electric power system, for a given initial operating condition, to regain a state of operating equ
ing subjected to a physical disturbance, with most system variables bounded so that practically th
remains intact.

RCE: IEC 60050-603:1986, 603-03-01, modified — addition of Note 1 to entry]

circuit power
ct of the current in the short-circuit\at a point of a system and a nominal voltage, ger
erating voltage

ko entry: Using physical units.for line current (A) and nominal voltage (V), the product should also

or\/g.

RCE: IEC 60050-601:1985, 601-01-14, modified — "conventional" has been replaq
nal"]
circuit\ratio

f the short-circuit power at the point of connection to the nominal active power of th

oDNous
ver or

is the
ilibrium
P entire

erally

include

ed by

b wind

plant or wind turbine

3.1.23

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]

3.1.24
system state variables

variab

Exampl

le quantities associated with the electrical state of a system

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

[SOURCE: IEC 60050-603:1986, 603-02-02]
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3.1.25
under voltage ride through
ability of a wind turbine or wind power plant to stay connected during voltage dips

3.1.26

voltage dip

sudden voltage reduction at a point in an electric power system, followed by voltage recovery
after a short time interval, from a few periods of the sinusoidal wave of the voltage to a few
seconds

[SOURCE: IEC 60050-614:2016, 614-01-08]

3.1.27
voltage swell
limited duration non-periodic sudden increase of the power supply network’s voltage maghitude
above] its nominal value and associated change of the phase of the voltage

[SOURCE: IEC 61400-21-1:2019, 3.27]

3.1.28
wind power plant
power| station comprising one or more wind turbines, auxiliary ‘equipment and plant contrpl

3.1.29
wind turbine
rotatirj]g machinery in which the kinetic wind energy.is transformed into another form of gnergy

[SOURCE: IEC 60050-415:1999,1987, 415-04-01]

3.1.30
wind furbine terminals
point that is part of the wind turbine<and identified by the wind turbine manufacturer as g point
at whigh the wind turbine may be‘cennected to the power collection system

[SOURCE: IEC 61400-21-1:2019, 3.25]

3.1.31
zero (sequence) component (of a three-phase system)
one of the three,symmetrical sequence components which exists only in an unsymmegtrical
three-phase system of sinusoidal quantities and which is defined by the following complex
mathgmaticalexpression:

I Ly v )
Ko - 3 01 -L_L2 -L_LS/

where X, 1, X, and X, 3 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 document:

ACL aggregated collector line
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AG asynchronous generator

AUX auxiliary equipment

AUXT AUX terminals

C DC link capacitor

CB circuit breaker

CH chopper

CIGR the International Council on | arge Flectric Systems
CRB crowbar

DCL DC link

DFAG doubly fed asynchronous generator3

FRT fault ride through

GB gearbox

IEEE the Institute of Electrical and Electronics Engineers;Jnc.
MSC mechanically switched capacitor bank, which is” not switched dynamically fluring

voltage dips

NERG the North American Electric Reliability Corporation
NLTC no-load tap changer

OLTC on-load tap changer

OVRT] over voltage ride through

PD power device
POC point of connectionof WP
p.u. per-unit

ROCQF rate of change of frequency

SCADA supervisory control and data acquisition

SG synchronous generator

STAT EOM—statie—synehronous—ecompensator—based—or—a—power—electronies—voltage-source
converter

SvC static var compensator

TR transformer

TRWP WP transformer
TRWT WT transformer

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

3 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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UVRT under voltage ride through

VRRAG asynchronous generator with variable rotor resistance

WP wind power plant

WT wind turbine

WTR WT rotor

WTT WT terminals

3.2.2 __Subscripts

0SS steady state at zero time for initialisation
ACL aggregated collector line

ag air gap

AUX auxiliary equipment

base per-unit base value

cmd current command to generator system
Com communicated variable (output from communication module)
d delayed

drt drive train

DTD active drive train damping

err controller input error

gen generator

gs generator system

init initial value

filt filtered variable

FRT fault-side through

hook hook

max maximum

min minimum

n nominal

OLTC on-load tap changer

ord active or reactive power order from WT controller
o] active component

PD power device

q reactive component

ref controller reference value
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sys
TC
u
WTref
UVRT
WT
WTC

power system

torque controller

voltage

WT reference value

under voltage ride through

variable at WTT

grid measurement for the WT controller

WTP
WTR

4 Symbols and units

4.1

grid measurement for the WP grid protection

WT rotor

General

In thi$ document, voltage and current values are positive segquence fundamentals dinless

othery

The sy
block
descri
only u

Small
physid
variab
power

4.2

Pinit

Tinit

Tbase

ise stated.

mbols used globally in this document are listed in4:2. Additional symbols used in n
diagram figures in Clause 7 and Annex B r€présent module parameters whig
bed in tables adjacent to the figures in the assaciated module clause. Those symbg
sed locally in the associated module and thérefore not duplicated in the symbol lis

letters are used for per-unit variables ‘whereas capital letters are used for varial
al units. For variables with physicaltunits, the units are given in brackets. For p
les, the per-unit bases are given.inthe brackets. Currents as well as active and r¢
uses generator sign convention,

Symbols (units)
initial phase angle (deg)
pitch anglé;(deg)

initiahtorque (Ty,qe)

torque p.u. base value T __ = Fory (Nm)

ase

odule
h are
Is are
4.2,

les in
pr-unit
active

base

gen
Wref

OWTR

Qbase

generator rotational speed (Q,5¢)
reference rotational speed (Q,5¢)

WTR rotational speed (Qp,5¢)

Q, (rad/s) referringtogen

rotational speed p.u. base Quuse =

" (rad/s) referringto WTR
n

gear

nominal generator rotational speed (rad/s)
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JAUXPilt filtered grid frequency measurement for AUX grid protection (f,,)

In nominal grid frequency (50 Hz or 60 Hz)

Fert fault ride through flag (0,1,2)

FocB open-circuit-breaker flag (0,1)

JwTcHit filtered grid frequency measurement for WT control (f,,)

JWTPfilt filtered grid frequency measurement for WT grid protection (f;,)

fSyS global power system grid frequency applied for frequency measurements bécause

angles are calculated in the corresponding stationary reference framef,)
Jwesilt filtered WP frequency measurement (f,,)
Swesittom filtered WP frequency measurement communicated to WP (f)

F\wpErT WP fault ride through flag

ST WTT grid frequency (f,,)
inux AUXT current phasor in power system coordinates (I,550)
Tyase phase current p.u. base 1, _Somse . (A)
\/gUbase
Isony converter current phasor in powgr'system coordinates (/)
igs generator current phasor in\power system coordinates (/45¢)
iwp WP current phasor in\power system coordinates (/45¢)
wT WTT current phasor in power system coordinates (/p5e)
Ipemd active current.command to generator system (/55.)
Ipmax maximum active current (/pase)
Iqemd reactive current command to generator system (I, 550)
Iqmax maximum reactive current (/,,,5¢)
Iqmin minimum reactive current (I,55¢)
J moment of inertia
Ngear mechanical gear ratio between WTR and generator
Pag generator (air gap) power (Spase)
Paero aerodynamic power (Sp,ge)
PAUXref AUX active power reference (Spzse)

PPDref PD active power reference (Spzs0)
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PpPDrefCom

Pinit
Pord
Pwn
Pwepn

PwPfilt

PD active power reference communicated to PD (Sy,5¢)
initial power (Sp4se)

power order from WT controller (Sy,40)

nominal active power of WT (W)

nominal active power of WP (W)

filtered WP active power measurement (S ,40)

PwPfilt
PwPref
PwPref
PwTCf
PWTref
gauUxc
9max
9min
qdWPfilt
qdWPfilt
dWTCH
dWTma
dWTmi
Trot

SAUXn

Sbase

Com

Com

filt

Com

filtered WP active power measurement communicated to WP (Sy5¢)
WP active power reference (Spase)

WP active power reference communicated to WP (S, ,40)

filtered active power measurement for WT control (Sp e)

WTT active power reference (Sp,5¢)

filtered reactive power measurement for AUX control (Sy,se)
maximum reactive power (Sya5e)

minimum reactive power (Spase)

filtered WP reactive power measurement (Sp,¢¢)

filtered WP reactive power megasurement communicated to WP (Sp45¢)
filtered reactive power measurement for WT control (Sp4se)
maximum WTT reactive power (Sp;se0)

minimum WTI\reactive power (Sp;s0)

VRRAG rofor resistance (Z,,50)

AUX<{qominal apparent power (Sp¢¢)

Py, (W)  referringto WT
power p.u. base g —lg (VA) referring to AUX

T,

S

Upux

Upuxc

filt

Unuxn

UAUXPHilt

| Rypn (W) referring to WP
integration time step (s)
AUXT voltage phasor in power system coordinates (Upyxp)
filtered voltage measurement for AUX control (Upgee)
nominal phase-to-phase voltage at AUXT (V)

filtered voltage measurement for AUX protection (Up,4e)
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Uy, (V) referringto WT

ontrol

(VA)
V)

—_

ontrol

ontrol

Upase phase-to-phase voltage p.u. base ¢z _ly, (V) referring to AUX
Uwe, (V) referringto WP

Ucony converter voltage phasor in power system coordinates (Up¢)

Ugs WT generator voltage phasor in power system coordinates (Up4se)

uwp WP voltage phasor in power system coordinates (Upge)

U\WPFilt filtered WP voltage measurement (Upqe)

uwpsillcom  Tiltered WP voltage measurement communicated to WP (Upz6)

Uwepn nominal phase-to-phase voltage at POC of WP (V)

UwWT WTT voltage phasor in power system coordinates (Upge)

uwTC unfiltered voltage measurement for WT control (Upgee)

UWTCHIt filtered voltage measurement for WT control (Up,ge)

UwTn nominal phase-to-phase voltage at WTT (V)

UWTPfilt filtered voltage measurement for WT grid protection (Upgse)

XAUXrds AUX reactive power reference or deltavoltage reference, depending on AUX g
mode (x,,5e)

r X \ Syase  INreactive power control mode

reactive power or voltage p.u.-base Xy = .

“base P 9° R ¢ |U,. indeltavoltage controlmode

XpDref PD reactive power reference or delta voltage reference, depending on PD g
mode (xpa5e)

Y\WPref WP reactive-power reference or delta voltage reference, depending on WP ¢
mode (xy5ss)

Ywpreficom VWP<{reactive power reference or delta voltage reference communicated o WP
(xbade)

X\WTref WTT reactive power reference or delta voltage reference, depending on WT ¢

Zbase

Mode (Tpa5e)

: Upose’
impedance base value Z,,  =—2¢_ (Q)

base
base

ontrol
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5

5.1

Functional specification of models

General specifications

The models in this document have been developed with the following general specifications4 in
mind [13]:

10

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

¢ | balanced short-circuits, including faults of varying impedance, on the transmisgsign grid
(external to the wind power plant, including voltage recovery),

e | grid frequency disturbances>,

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

¢ | reference value changes.
qu models are for fundamental frequency positive sequence responsesb.

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

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

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

Thle models should be valid for dynamic voltage’phenomena (e.g. faults) where the vpltage

cap dip temporarily close to zero7. The equipment suppliers shall establish the minimum

voltage dip and/or system conditions forwhich the model is applicable for their specific

e(:ripment. A typical minimum voltage-dip is 0,18,
e

Thle typical dynamic simulation time\,frame of interest is from 10 s to 30 s. Wind spged is
aspumed to be constant during such a time frame.

Thie models should work withAntegration time steps up to % cycle®. As a consequende, the
bandwidth of the models gannot be greater than 15 Hz10.

Thle models should initialise to a steady state from power flow solutions at full or partial
nominal power.

External conditions like wind speed should be taken into account implicitly through the
avpilable power.

The specifications are not performance requirements of the WPs or WTs, but requirements to the models.

The WT models do not include frequency control, but simulation of WP frequency control during grid frequency
disturbances is possible using the WP power/frequency control model.

In general, positive sequence simulations are sufficient for bulk power system stability studies. Correct
representation of the negative sequence and zero sequence components is cumbersome.

For very low voltages, the validity is also limited in the case of instability of the converter control [12].
For comparison, the minimum voltage dip test value in IEC 61400-21:2008 is 0,2.

The models can run stably with % 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.

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.
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— The models should be numerically stable so that they can be applied in both high and low
short-circuit systems. The equipment suppliers shall establish the minimum short-circuit
ratio and/or system conditions for which the model is applicable for their specific equipment.

— The models should be clearly specified with block diagrams, explanation of non-linear
components and equations in the models, and discussion of any unique initialisation 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 modules 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 modules for protection and control. This modular structure will.make it
possible to replace the generic control and protection system modules with manufgcturer
specific modules.

— The generic models enables modelling of different control options depending gn the
spgcified control modes and other control parameters. The included set of control options
is pptional and specified by the manufacturer. For each of the included-control optign, the
manufacturer shall specify the corresponding control parameters.

5.2 |Wind turbine models

The WT models in this document have been developed with thetfollowing general specificptions
in mind:

— The specified wind turbine models can either be uséd in wind power plant modelg or to
represent wind turbines without wind power plant{elationships.

— The standard provides a formal specification of-a-'set of generic simulation models cojering
the vast majority of existing WT types, and, a structure to develop models for futufe WT
types.

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

— Frpm the point of view of power system studies, existing WTs are generally divided|into 4
types A-D [15] or 1-4 [16].\Using the NERC nomenclature 1-4, the 4 types have the following
chpracteristics:

o | Type 1: WT with directly grid connected asynchronous generator with fixed| rotor
resistance (typic¢ally squirrel cage).

o | Type 2: WT with directly grid connected asynchronous generator with variablg rotor
resistance.

o | Type 3: WT with doubly-fed asynchronous generators (directly connected statgr and
rotor’ connected through power converter).

e J[ype 4: WI connected to the grid through a tull size power converter.

— Over/under frequency and over/under voltage protection should be modelled in order to
allow a realistic representation of WT disconnection following grid disturbances.

— The turbine-generator inertia and first drive train torsional mode should be taken into
account where it can have significant influence on the power swings 1.

— Dynamics of phase-locked loops are not included in the models 12,
— The model should include the reactive power capability of the WT.

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.
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5.3

Wind power plant models

The WP models in this document have been developed with the following general specifications

in min

d:

— Itis usually sufficient in power system stability studies to use a single aggregated model for
all WTs ina WP. It is also possible to simulate a large WP using multiple aggregated models
for WTs of the same or of different types. All WT models of the WP shall in this case receive
the same reference values from the WP controller.

— The WP controller model measures voltage, frequency, active power and reactive power at
the POC and calculates reference signals that are transmitted to the WT models.

 The-WE— ers—actt t - .

VO

— The WP model can control one single POC.

— Rsd
RH
ac

- Pg
as

a function of the frequency can be absolute (applied to nomipal power) or relative (a

to
av

tage control.

active power / voltage control is able to regulate power factor, reactive power or vd

count through the limitations in the WT models.

a reaction to an external reference change. Active power reference values calcula

available power). The power control model shall be able/to" represent the limitati
pilable power.

-7

re¢eive reference values from outside the models as reference changes made by the

— Bagth controllers detect if voltage at POC dips below a threshold value. State variabl
frozen if that occurs. Once voltage returns to hermal operation band, the controller re
opgration starting from the frozen values ordsom another specified value.

— Vdltage drop compensation shall be provided in the WP model.

pwer /

Itage.

active power and voltage controller models take the limited reactive power capability into

wer / frequency control regulates active power at the POC as a function of frequepcy or

ed as

pplied

bNs in

e reactive power / voltage controller and the active power / frequency controller can

user.

ES are
umes

— Cdordination between WP controllersi?OLTC, SVC or other auxiliary controllers at th¢ wind

fa
Sig
do

6 F

6.1

Claus

and WP models, This is done in consistency with the functional specifications in Clause

referri

Claus

m level can be implemented in~a supervisory controller using the external refq
nals to the WP. The modelling-of such supervisory controllers is out of the scope
cument.

brmal specification of modular structures of models

General

e 6 provides-the formal specification of the modular structures of the generic WT]

Ing to the formal specifications of the modules in Clause 7.

rence
Df this

, AUX
5 and

p 6”specifies the structure of each generic model using block diagrams. The str

cture

identifies the used modules and input/output variables which are transferred between the
modules. The models shall be implemented in a modular way so that each module is available
to the user through the input and output variables and the parameters used in each module.
Giving access to inputs and outputs from modules makes it possible to use them as part of a

modifi

ed model, e.g. a manufacturer specific model.

The WT models specified in 6.2 can either be used without an accompanying WP model or as
an integral part of the WP model specified in 6.3. In either case, the WT model is intended to
be used as an aggregated model representing multiple WTs, but it can also be used to represent

a sing

le WT.
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6.2 Wind turbine models
6.2.1 General

The objective of 6.2 is to provide a formal specification for a set of generic WT simulation
models covering the vast majority of existing WT types, and a generic structure suitable to
develop models for future WT types.

This document uses the generic structure of the WT model shown in Figure 2. Whereas the
arrows indicated that variables are transferred from one block to another, bold lines are used
for the electrical system which will be specified using single line diagrams.

Grid measurement Grid measurement
(for control) (for protection)
WT
referenge N
valuges ; \ * Y \
Pitch control | - Generator control Grid protection
v \ A
A _p | Mechanical |_ | Generator | Electrical ]
erodynamics [« > - =
system system I system |
WTT

\ S IEC
Figure 2.+ Generic structure of WT models

The WT model can receive.reference values from the WP control system model as in 6.3 or
from gther sources specified by the model user. The available set of WT reference values is
differgnt, depending on the WT type, the WT manufacturer and operation mode. The following
reference values arelconsidered in the generic WT models:
— aclive power reference value,

— reactive power reference value,

— vo|tage-reference value.

Note that the WT models can also simulate power factor confrol mode, buf in thaf case, it is
assumed that the power factor reference value of the WP is constant throughout the simulation.

6.2.2 Type 1
6.2.2.1 Definition of type 1

The type 1 WT uses asynchronous generators directly connected to the grid, i.e. without power
converter. Most Type 1 WTs have a soft-starter, but this is not included in the type 1 models.

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® power control). Pitch control is in some type 1 WTs used in active
UVRT control [17].
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Therefore, two type 1 models are specified in 6.2.2.2 and 6.2.2.3:
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— Type 1A: WTs with fixed pitch angle,
— Type 1B: WTs with UVRT pitch control.

6.2.2.2

Modular structure of type 1A model

Figure 3 shows the modular structure of the type 1A WT model. This model assumes that the

pitch angle is fixed.

foys

Aerodynamic
module

NOTE
torque.

The nmpodules used in'‘the type 1A model are listed in Table 1, including references

[ —owTR

Paerc >

Mechanical
system
module

Wgen >

pag

Generator
system
module

V{

Grid measurement
module
(for protection)

HWT Pilt
f WTPAilt

Grid protection

specifjcations of the modules in Clause 7.

module
Foce
Ugs
Igs .
1 Electrical
i system
module

Figure 3 — Modular structure of the type 1A WT model

Table 1 — Modules used in type 1A model

The aerodynamic module is included in the figure, but it only represents a simplistic constant aerody

VTT

IEC

namics

o the

protection)

Modu’e Clause number Clause title

Aerodynamie 24 “Constant-aerodyramictoraue—
Mechanical 7.3.1 "Two mass "

Generator system 7.41 "Asynchronous generator "
Electrical system 7.5.1 "Electrical systems gamma module"
Grid protection 7.8.1 "Grid protection module"

Grid measurement (for 7.8.2 "Grid measurement "

6.2.2.3

Modular structure of type 1B model

Figure 4 shows the modular structure of the type 1B WT model. This model includes UVRT pitch

control.
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" \
| Joys
|
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: * ; Y |
| Grid measurement Grid measurement :
' module module |
: (for control) (for protection) |
|
| | | |
I UWTCHit UWTPiilt |
: STt |
I
| v |
' !
: Pitch control Grid protection |
| module module |
| |
| l '
I Focs f
| uwt |
| L_’QS iwt |
. 1 . |
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| module Dag module madule : WTT
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NOTE | The aerodynamic block is not included in the figure because thelaerodynamic effects are embeddeg in the
pitch cqntrol model.

Figure 4 — Modular structure of the type 1B WT model
The modules used in the type 1B model aredisted in Table 2, including references fo the

specifl

cations of the modules in Clause 7.

Table 2 — Modules used in type 1B model

Modufe Clause number | Clause title
Aerodynamic 7.2.1 "Constant aerodynamic torque "
Mechnical 7.3.1 "Two mass "
Genefator system 4.1 "Asynchronous generator "
Electrjcal system 7.5.1 "Electrical systems gamma module"
Pitch gontrol 7.6.1 "Pitch control power "
Grid grotection 7.8.1 "Grid protection module"
Grid measurement (for 7.8.2 "Grid measurement "
protegtion)
Grid rheasurement (for 782 "Grid measurement "
control)

6.2.3 Type 2

6.2.3.1 Definition of type 2

A type 2 WT is similar to a type 1 WT in many aspects, but the type 2 asynchronous generator
is equipped with a variable rotor resistance r.;. Type 2 WTs are also normally equipped with

pitch control.
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6.2.3.2 Modular structure of type 2 model

The type 2 model specified in this document is based on the generic WT models specified by
the IEEE / WECC working group and used in the 2"d generation WECC models [18]. The
modular structure of the type 2 WT model is shown in Figure 5.

v

vy

Grid measurement

Grid measurement

Pitch control
module

"Paerd >

Mechanical
system
module

module module
(for control) (for protection)
% |
| UWT Piilt
PwrTcHilt
TGt Farrct JwTpsit

Generator control

Grid protettion

uwt
Iwt

module module
T'rot Focs
Ugs
Igg .
g Generator 1 Electrical
system i system
Pag module module

NOTE | The aerodynamic block is not included in the figure because the aerodynamic effects are embedde

pitch cqntrol model.

Figure 5 — Modular-structure of the type 2 WT model

The modules used in the type (2'model are listed in Table 3, including references
specifjcations of the modules(in*Clause 7.

Table 3 — Modules used in type 2 model

 in the

o the

Modulfle Clause Clause title

number
Mechnical 7.3.1 "Two mass "
Genefator System 7.41 "Asynchronous generator "
Electrjcalisystem 7.5.1 "Electrical systems gamma module"
Pitch control 7.6.1 "Pitch control power "
Generator control 7.7.1 "Rotor resistance control "
Grid protection 7.8.1 "Grid protection module"
Grid measurement (for 7.8.2 "Grid measurement "
protection)
Grid measurement (for 7.8.2 "Grid measurement "
control)
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6.2.4 Type 3
6.2.41 Definition of type 3

A type 3 WTs uses a doubly fed asynchronous generator, where the stator is directly connected
to the grid and the rotor is connected through a back-to-back power converter. Some type 3
WTs includes either a chopper or a crowbar for voltage ride-through without bypassing or
disconnecting the converter. Type 3A model specified below represents type 3 wind turbines
without crowbar while type 3B model represents type 3 wind turbines with crowbar.

6.2.4.2 Modular structure of type 3A and type 3B models

The ggneric type 3 model specified in this clause includes modules for the mechanical.slystem
as well as the aerodynamics. This level of detail is not always needed. In some casés;’pne of
the ggneric type 4 models will be sufficient to simulate the behaviour at the WT terminals.
The modular structure of the type 3A and type 3B WT model is shown in Figure 6.
Joys
v !y
Grid measurement Grid measurement
module module
(for contirol) (for protection)
| |
PWTCHilt
qwrTCfitt 1Tt
UWT CHilt fWTPﬁIt
DPwret
uwTtc
XW Tref
y Y
. < Pord . .
Pitch control [ Oret Generator control Grid protection
module | — —»| sub-structure module
I
‘ ipcmd
Igemd
o Wgen Tpmax Focs
OWTR Tqmax
iqmin uUwT
Ugs Iwt
. Igs .
Aerodynédfhio [**—ow] Mechanical Generator 1 Electrical 1
modile | system system | system > |
Paers > module <+ Dag module module
WTT
\ IEC

Figure 6 — Modular structure of the type 3A and type 3B WT models

Figure 7 shows the modular structure of the type 3 generator control models.
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Figure 7 — Modular generator control'sub-structure of the type 3A and type 3B mg

The nmpodules used in the type 3A model are listed in Table 4, including references

specifjcations of the modules/iniClause 7.

Table 4 — Modules used in type 3A model

dels

o the

Moduje

Clause number

Clause title

control)

Aerodynamic 7.230r7.2.2 "Two-dimensional aerodynamic " or
"One-dimensional aerodynamic "
Mechanical 7.3.1 "Two mass "
Genefator’system 7.4.20r7.4.3 "Type 3A generator system "
Electrical systems 7.5.1 "Electrical systems gamma module"
Pitch control 7.6.2 "Pitch angle control "
P control 7.7.2 "P control module type 3"
Q control 7.7.5 "Q control "
Current limitation 7.7.6 "Current limitation "
Q limitation 7.7.70r7.7.8 "Constant Q limitation " or
"QP and QU limitation "
Grid protection 7.8.1 "Grid protection module"
Grid measurement (for 7.8.2 "Grid measurement "
protection)
Grid measurement (for 7.8.2 "Grid measurement "
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The modules used in the type 3B model are listed in Table 5, including references to the
specifications of the modules in Clause 7.

Table 5 — Modules used in type 3B model

contrg

)

Module Clause number | Clause title
Aerodynamic 7.230r7.2.2 "Two-dimensional aerodynamic " or
"One-dimensional aerodynamic "
Mechanical 7.3.1 "Two mass "
Generator system 7.420r7.4.3 "Type 3B generator system "
Electrjcal systems 7.5.1 "Electrical systems gamma module"
Pitch pontrol 7.6.2 "Pitch angle control "
P confrol 7.7.2 "P control module type 3"
Q control 7.7.5 "Q control "
Currept limitation 7.7.6 "Current limitation "
Q limitation 7.7.70r7.7.8 "Constant Q limitation " or
"QP and QU limitation "
Grid grotection 7.8.1 "Grid protection module"
Grid measurement (for 7.8.2 "Grid measurement "
protegtion)
Grid measurement (for 7.8.2 "Grid measuremént”

6.2.5
6.2.5.

Type

Type 4

[ Definition of type 4

l WTs are WTs connected to the grid through a full scale power converter. Type 4 WTs

use either synchronous generators or asynchronous generators. Some type 4 WTs use|direct

drive

Type
aerod
power

with p

Eynchronous generators,.and therefore have no gearbox.

1 WTs with choppers_on the converter DC link can normally be modelled neglectipng the
ynamic and mechanical parts of the WT. Type 4 WTs without choppers inject podt-fault
oscillations due to damping of torsional oscillations. This is also the case for type # WTs
artially rated‘choppers. These oscillations are normally not affecting the power slystem

stability, but the)effect of torsional oscillation damping may be included using a twofmass
mechanical model. If partially rated chopper is applied, then the damping coefficient in the two-
mass |modelkcan be adjusted to match the rating of the chopper. The type 3A model may be

used fo simulate type 4 WTs, but simplified models are usually sufficient because

converterdecoupling of the drive train from the grid.

pf the

Therefore, two type 4 models are specified in 6.2.5.2 and 6.2.5.3:

— Type 4A: a model neglecting the aerodynamic and mechanical parts and thus not simulating
any power oscillations, 13

— Type 4B: a model including a 2-mass mechanical model to replicate the power oscillations
but assuming constant aerodynamic torque.

13 Neglecting the aerodynamic and mechanical parts, the type 4A model may also be applied to model PV plants.
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6.2.5.2 Modular structure of type 4A model

The modular structure of the type 4A WT model is shown in Figure 8.
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Figure 8 — Modular structure of the type 4A WT model

Figurg 9 shows the modular structure of the type 4A generator control models.
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Figure 9 — Modular generator control sub-structure of the type 4A model

o the

specifjcations of the modules in Clause 7.
Table 6 —\Modules used in type 4A model
Moduje Clause Clause title
number
Genefator system V.44 0r7.4.2 "Type 4 generator system " or "Type 3A generator systen] "2
Electrjcal system 7.51 "Electrical systems gamma module"
P confrol 7.7.3 "P control module type 4A"
Q control 7.7.5 "Q control "
Curreft limitation 7.7.6 "Current limitation "
Q limifation 7.7.70r7.7.8 "Constant Q limitation " or "QP and QU limitation "
Grid protestion 781 "Grid prn}nnfinn module!
Grid measurement (for 7.8.2 "Grid measurement "
protection)
Grid measurement (for 7.8.2 "Grid measurement "

control)

a8 The Type 3A generator system can be used in type 4 WT models, which will mitigate the reactive power spike
appearing when the voltage recovers. This spike is mainly caused by numerical effects in the simulations.

6.2.5.3

Modular structure of type 4B model

The modular structure of the generic type 4B WT model is shown in Figure 10.
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Figurg

Figure 10 — Modular structure of the type 4B WT model

11 shows the modular structure of;the type 4B generator control models.
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Figure 11 — Modular generator control;sub-structure of the type 4B model

The npodules used in the type 4B modgl-are listed in Table 7, including references fo the

specifjcations of the modules in Clause\~.

Table 7°~Modules used in type 4B model

control)

Module Clause Clause title
number
Mechgnical 7.3.1 "Two mass "
Genefator system 7.440r74.2 "Type 4 generator system " or "Type 3A generator systen] "2
Electifical systems_module 7.51 "Electrical systems gamma module"
P confrol 7.7.4 "P control module type 4B"
Q cortro} 7.7.5 "Q control "
Currept limitation 7176 "Current limitation "
Q limitation 7.7.70r7.7.8 "Constant Q limitation " or "QP and QU limitation "
Grid protection 7.8.1 "Grid protection module"
Grid measurement (for 7.8.2 "Grid measurement "
protection)
Grid measurement (for 7.8.2 "Grid measurement "

a8 The Type 3A generator system 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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6.3 Auxiliary equipment models
6.3.1 STATCOM

The modular structure of the STATCOM model is shown in Figure 12.
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Figure 12 — Modular structure of STATCOM model
Figurg 13 shows the modularisfructure of the STATCOM control models.
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Figure 13 — Modular structure of the STATCOM control model

The modules used in the STATCOM model are listed in Table 8, including references to the
specifications of the modules in Clause 7.
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Table 8 — Modules used in STATCOM model

Module Clause number Clause title

Converter 7.4.4 "Type 4 generator system module"

Electrical system 7.51 "Electrical systems gamma module"

Q control 7.7.5 "Q control module" @

Current limitation 7.7.6 "Current limitation module"

Q limitation 7.7.7 "Constant Q limitation module"

Grid protection 7.8.1 "Grid protection module"

Grid fneasurement 782 Grid measurement

(for grotection)

Grid measurement 7.8.2 "Grid measurement "

(for dontrol)

2 Note that the STATCOM model cannot use the power factor control modes MqG = 3 and MqG =4 in the Q
cpntrol module.
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Figure 14 — General structure of WP model
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The WP model can either be excited by an event in the grid model such as a short-circuit, or by
a change in a WP reference value.

The WP model interacts with the grid in the POC of the WP. In some cases, different parts of a
wind plant are connected to different points, e.g. to the primary side of parallel transformers. In
such cases, a single POC should be defined in the model using a jumper, i.e. by joining the
different points using connector(s) with zero impedance.

The WP model provides the reference values ppp.es and xpp,s to the WT/PD model(s) and
interacts with the WT/PD model(s) at the individual WT/PD terminals.

The WP model can receive reference values pyp.e @and xypres from sources specified, py the
modell user. The available set of WP reference values is different, depending on the WH type,
the WP manufacturer and operation mode. The following reference values are considgred in

the ggneric WP models:

— power factor value,

— vol|tage reference value.

aclive power reference value,

reactive power reference value,

Finally, the WP model can receive a system frequency from the power system simulation model
providing the deviations from nominal frequency.

6.4.2 Wind power plant control and communigcation

Figurg 15 shows the modular structure of the WP control and communication model.

—PWPrefCoim— |
WP
—RWeiitcom_pt P control  |—pppre—
fWPfiIiCom module
L | Communication
FVPFRT module e
Communication” || ™| (for PD references) Hporefcem
i x:z; (- module -
(for WP._feferences) YwprefCor®™| WP
Qcontrol  —xpprr—
PwFfiltCom module
F—qwrrilConi ]
UWFfiltCom
Communication Pt Grid measurement uwp
o module |a— Wit module < i
(for WP measurements) ;VV&’::“ (for WP controller) Soys
ilt

IEC

Figure 15 — General modular structure of WP control and communication block
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Table 9 — Modules used in WP control and communication model

IEC 61400-27-1:2020 © |IEC 2020

Block Clause number Clause title
WP P control 7.9.1 "WP P control "
WP Q control 7.9.2 "WP Q control "

Communication (for WP
measurements)

7.10.2 or 7.10.3

"Communication delay " or "Linear communication " @

Communication (for WP
references)

7.10.2 or 7.10.3

"Communication delay " or "Linear communication " @

Communication (for PD
references)

7.10.2 or 7.10.3

"Communication delay " or "Linear communication " @

Grid rheasurement
mode| (for WP
contrgller)

7.8.2

"Grid measurement "

2 THe "Communication delay " should be applied for model validation purposes, but since|delays may
cdnvergence problems in simulations of large power systems, the "Linear communication
ar| alternative in such cases.

may be udged as

Cause

The WP power collection system model is implemented as part of-the’ grid model. It cons
standard models for the main grid components, i.e. transformers;/cables and overhead
The ppwer collection system model could be detailed includingall the main grid compo

but ugually an aggregated model is used as described in Anhex A.

6.4.3

The simplest aggregated WP model is the basic medel characterised by the single line di
in Figuire 16. This model is usually sufficient if the WP consists of one type of WTs and

AUX.

model

The models and additional modules used in the basic WP model are listed in Table 10, inc

Basic wind power plant

POC

|

TRWT

referepcés to the specifications of the modules in Clause 7.

D

TRWP

Figure 16 — Single line diagram for basic WP model

External
grid
model

IEC

sts of
lines.
hents,

hgram
as no

uding
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Table 10 — Models and additional modules used in the basic WP model

Model / module Clause number Clause title

WT 6.2.4.2 or "Modular structure of type 3A and type 3B models" or
6.2.5.2 or "Modular structure of type 4A model" or
6.2.5.3 "Modular structure of type 4B model"

WP control and 6.4.2 "Wind power plant control and communication"

communication model

WT transformer 7.11.2 "Transformer "

(TRWT) @

Aggregated collector 7111 "Line "

line (ACL)

WP trnsformer 7.11.2 "Transformer "

(TRWP)

8 THe WT transformer may be included in the WT electrical system model. In that case, it should rjot be
dyplicated as part of the power collection system.

6.4.4 Wind power plant with reactive power compensation

If the]WP includes an AUX device, shunt capacitor and/or.shunt reactor, then the power
collection system model in Figure 17 is usually sufficient.

WTT POC\

External
WT I grid
model I ACL model

TRWT TRWP

Active
compensation
model

Passive
compensation
model

IEC

The models and additional modules used in the WP model with reactive power compensation
are listed in Table 11, including references to the specifications of the modules in Clause 7.
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Table 11 — Models and modules used in the WP model
with reactive power compensation

Model / module

Clause number

Clause title

(TRWP)

WT 6.2.4.2 or "Modular structure of type 3A and type 3B models" or
6.2.5.2 or "Modular structure of type 4A model" or
6.2.5.3 "Modular structure of type 4B model"

WP control and 6.4.2 "Wind power plant control and communication"

communication model

Active compensation 6.3.1 or "STATCOM" or "Other electrical components "

mod
7.11.3

Passijve compensation 7.11.3 "Other electrical components "

mode]

WT tjansformer 7.11.2 "Transformer "

(TRWT) 2

Aggré¢gated collector 7.11.1 "Line "

line (ACL)

WP tqansformer 7.11.2 "Transformer "

a8 The WT transformer may be included in the WT electrical system miedel. In that case, it should n
diiplicated as part of the power collection system.

ot be

Depending on the number of WT types, AUX devices and the size of the power coll

system, it may be relevant to use a more detailed model.

7 Formal specification of modules

7.1 General

ection

Clausg 7 provides the formal specification for the modules used by the WP and WT mpodels

speciffed in Clause 6.

Each module is specified in a figure. For most of the modules, the specifications are provided

as bldck diagrams, but single line diagrams are also used for the electrical parts. The

diagrgms use the symbols specified in Annex D.

block

The specification of the module is marked by a dashed frame in the figure, and all input variables
to the|module and all output variables from the module are drawn to this frame and the symbol
for eath input and output variable is given outside the frame.

For each of the modules, parameter lisiS are provided. Together with the global parameters
listed in Table 12, those parameter lists include all the parameters which are needed to
complete the model specification. The generic models shall be implemented so that the user

can specify all parameters in the list.

Table 12 — Global model parameters

Symbol Base unit Description
Ja Hz Nominal frequency
T S Integration time step
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The values for the module parameters are not specified in this document. The WT manufacturer
and WP developer shall provide those parameters to complete the module specification.
Manufacturer may provide different parameters sets for different control modes.

Each module parameter is categorised as either "Type", "Project" or "Use case" parameter. The
category of each parameter is stated in the tables of parameters.

The three parameter categories are defined as follows:

— Type parameters are characteristic to the specific WT or WP type. This is typically the case
for mechanical and electrical parameters.

— Prpject parameters are characteristic to the specific WP project, and may be differenit for a
specific WT or WP type, depending on the specific project. This is typically the)case for
coptrol parameters set according to specific grid code requirements.

— Uge case parameters are characteristic to the specific simulation use case,“and majy vary
depending on the specific steady state prior to the disturbance, e.g. depending on|if the
actual and/or possible power is nominal or partial. It is the respensibility of the WT
manufacturer and WP developer to specify the application range of(the provided usg case
parameters.

The WT manufacturer or WP developer may upgrade the category of a specific pargmeter
whengver this is valid to the specific WT or WP type.

Each module parameter has a text name which is inten@ed for software implementatiof. The
text nemes are based on the parameter symbols but‘excludes subscripts, greek letteqs and
other gpecial characters so they can be used as parameter names in software implementation.

Some| of the block diagrams include initialisation variables. Table 13 lists the initialisation
variables which are included in the module block diagrams. Those variables shall be initjalised
by the load flow, and therefore they shouldtnot be specified as parameters.

Table 13 - Initialisationyvariable used in module block diagrams

Symbol Base unit Description
Pinit Spase tritial power

Tinit Ty ase Initial torque

Pinit deg Initial phase angle

Some| of the-modules include hooks which are not used in the generic models specified in
Clausg 6.'A’hook is either an input to or an output from the module. An input hook shall pe set
to zerpii/it is not connected. If one or more hooks are used to extend the generic models
specified in IEC 61400-27-1, the models are no longer generic and cannot be represented in
CIM dynamics standard IEC 61970-302.

7.2 Aerodynamic modules
7.21 Constant aerodynamic torque module

The block diagram for the constant aerodynamic module is shown in Figure 18. The module
requires no manufacturer supplied parameters. The initial torque r;,;; shall be set by the load-
flow.
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OWTR

Figure 18 — Block diagram for constant aerodynamic torque module

One-dimensional aerodynamic module

This terodynamic module corresponds to the one-dimensional model proposed im[R1]. It

includes

the dependency on the pitch angle, but neglects the dependency on the.rotor 4peed.

The one-dimensional aerodynamic module parameters are given in Table 14, ,and the|block

diagrgm

is given in Figure 19. The initial power p;,;; shall be set by the load-flow.

Table 14 — Parameter list for one-dimensional aerodynamic-module

Sympol Base unit Description Category Text name
0.0 deg Initial pitch angle Use case ThetawO
k, Sbase/degz Aerodynamic gain Type ka
Paerc
\L IEC
Figure 19 — Block'diagram for one-dimensional aerodynamic module
7.2.3 Two-dimensional aerodynamic module

The two-

dimensional aerodynamic module corresponds to the model proposed in [22]. The two-

dimenfsional aefedynamic module parameters are given in Table 15, and the block diagfam is

givenjin

Figure 20.
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Table 15 — Parameter list for two-dimensional aerodynamic module

Symbol Base unit Description Category Text name

Pavail Spasey Available power 2 Use case Pavail

0, Deg Pitch angle if the WT is not derated P Use case Theta0

o, Qe Rotor speed if the WT is not derated Use case omegal

dpg Spase | d€Q Partial derivative of aerodynamic power with Use case dpTheta
respect to changes in pitch angle ©

dp o Spase | Ppase Constant term of partial derivative of Use case dpomegal
aerodynamic power with respect to changes in
WTR speed

dr e Spase | Ppase ! Pitch dependent term of partial derivative of Type dpomegqTheta

deg aerodynamic power with respect to changes in

WTR speed

¢ THe partial derivative dpg is usually negative.

a8 THe available power allows modelling of 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 powern. The
agrodynamic power cannot be greater than p, ..

b THe pitch angle should normally be zero for Pavair <1 @nd greater than zero if p_ &, = 1 or if the initial vglue of
Palro IS less that p ..

paero

1EC

Figure 20 — Block diagram for two-dimensional aerodynamic module

Annex B describes the background for the two-dimensional aerodynamic module, including a
guideline to the WT manufacturer for determination of the case dependent module parameters
and for the software vendor how to calculate the initialisation if the necessary parameters are
provided by the manufacturer.
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7.3 Mechanical modules
7.3.1 Two mass module

The module parameters are given in Table 16, and the block diagram is given in Figure 21.14

Table 16 — Parameter list for two-mass module

Symbol Base unit Description Category Text name
Hp1r S Inertia time constant® of WT rotor Type HWTR
Hyen S Inertia time constant® of generator Type Hgen
kgt Tpase Drive train stiffness Type kdtr
Cart Tpase! @pase | Drive train damping Type cdtr
2
a . . . . H= 1.] Qoase
Tlhe inertia constant H is defined as 1 = 2 .
PWTn

Paero WOWTR
Pag (gen
\ ~.
IEC

Figure 21 — Block diagram for two mass module

7.3.2 Other mechanical modules

One and-three mass modules have been proposed in literature. However, this document does
not saecify other generic mechanical modules.

7.4 Generator and converter system modules

7.41 Asynchronous generator module

This document does not specify a module for the asynchronous generator. A standard
asynchronous machine module specified in IEC 61970-301 and IEC 61970-302 should be used.
Alternatively, a build in asynchronous generator module in a chosen simulation tool can be

used.

14 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

in7.3.1.
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7.4.2 Type 3A generator system module

The module parameters are given in Table 17, and the block diagram is given in Figure 22 (for
background information see [22], [23]). The output of the generator module 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 as
suggested in [23] and described in Annex C.

The losses in the generator system are neglected setting the generator air gap power p,q equal
to the WT terminal power.

—Tabte—t7=Parametertistfortype-3Ageneratorsystemmmodute—

Symblol | Base unit Description Category Text'nagme
Ko, - Current PI controller proportional gain Type KRc

T\ s Current PI controller integration time constant Type Tlc

Yequ Zyase Transient reactance 2 Type xeqv

dipmax Ipase!S Maximum active current ramp rate Project dipmax
diqmax Ipase!S Maximum reactive current ramp rate Rroject digmax

2 THe transient reactance should be calculated from the transient inductance as defined in [23].

—_—— ——_— - - —_—— —— DNy

Grid)Reference Frame

A

im LUgs
re

re lgs |

im

Reference Frame Rotation

Ignax lf—¢ .

—_—— e ] e e e e

IEC

Figure 22 — Block diagram for type 3A generator system module
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7.4.3

The module parameters are given in Table 18, and the block diagram is given in Figure 23. This
type 3B generator system module is the state-of-the-art simplification of the 3A generator
system module with addition of a crowbar model [24]. The output of the generator module 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

— 48 —

Type 3B generator system module

simulation as suggested in [23] and described in Annex C.

Table 18 — Parameter list for type 3B generator system module

IEC 61400-27-1:2020 © |IEC 2020

Symbaol Base Description Category Text name
unit

Ty s Current generation time constant Type Tg

dipmax Ipase!S Maximum active current ramp rate Project dipmax

diqmax Ipase!S Maximum reactive current ramp rate Project digmax

Xequ Zpase Transient reactance Type xeqv

Terg®) | 8(Up,ee) tCrbolwbar duration versus voltage variation look-up Use case TCRB(duTCRB)

able
Too s Time constant for crowbar washout filter Use case Two
Mcgre - Crowbar control mode Use case MCRB
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Figure 23 — Block diagram for type 3B generator system module

7.4.4 Type 4 generator system module

The module parameters for the type 4 generator module are given in Table 19, and the block
diagram is given in Figure 24. The output of the generator module 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 as
described in Annex C.
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Table 19 — Parameter list for type 4 generator system module

Symbol | Base unit Description Category Text name
Ty s Time constant Type Tg
dipmax Tpase’S Maximum active current ramp rate Project dipmax
diqmax Tpase’S Maximum reactive current ramp rate Project digmax
diqmm Tpase’S Minimum reactive current ramp rate Project digmin
T e —
| Controls Reference Frame | Grid Reference Frame I
I I
|
| ' '
; | |
pmax [ |
| dipmax* |
|
| va |
I 1 L, I
j > —
= sty s |
' 3 |
| x
| Q |
' 5 > ; |
| o | re Igs |
| o »| AM |
iqmax : @ |
| diqmax % Ugs :
| / o |
I 1 |
foemd > 1457 [ ZB R
| 5 EL | Pag
| /] |
| dlqmin | |
!—T | |
|
iqmin | :
\ I
/
N N | - e
Figure 24 — Block diagram for type 4 generator system module
7.4.5 Reference frame rotation module
The module parameters for the reference frame rotation module are given in Table 20, ahd the
block diagranmyis‘given in Figure 25.
Table 20 — Parameter list for reference frame rotation module
Symbol Base unit Description Category Text name
To L s Time constant for PLL first order filter model Type TPLL
Up| (1 Upase Voltage below which the angle of the voltage Type uPLL1
is filtered and possibly also frozen?
Up| |2 Upase Voltage below which the angle of the voltage Type uPLL2
is frozen if up | , < up | 4°

a8 Angle is filtered and/or frozen to avoid instabilities due to lack of voltage reference.

b The value of Up| L2 should be coordinated with the value of u

PLL1"

Usually, u

<
PLL2 = “pLL1

Up Lo IS employed to

avoid numerical problems when voltage is close to zero and then angle is not numerically valid.
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Figure 25 — Block diagram for the reference frame-.rotation module

7 IEC

Electrical systems modules

Electrical systems gamma module

The electrical systems gamma module includes acircuit breaker activated by the grid protection

of the
harmg

The n
Figurg
theref
model

nic filter and other electrical components*in the WT model or STATCOM model.

nodule parameters are given innJFable 21, and the single line diagram is gi

as part of the power collection systems. If the transformer is included in the WP

and
admit
break

her electrical components are neglected, then the serial impedance and the

ance are zero, implying that the electrical systems simplifies to only include the
P,

Table. 21— Parameter list for electrical systems gamma module

WT or STATCOM. The module can also be used to include transformer, capacitor|bank,

en in

26. Normally the WTT is identified to the low-voltage side of the WT transformefr, and
pre the WT transformer is notincluded in the generic WT models but as a part of the WP

model
shunt
circuit

Symbg

| | Base(unit Description Category Text name

Z Serial resistance Type res

base

Z Serial reactance Type xes

base

1/Z Shunt conductance Type ges

base

1/Z Shunt susceptance Type bes

base
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Figure 26 — Single line diagram for electrical systems gamma module

7.5.2 Other electrical systems modules
This document does not specify other generic electrical systems modules.
7.6 |Pitch control modules
7.6.1 Pitch control power module
This module corresponds to the type 1 and type 2 W )pitch controller proposed for the 2nd
generation WECC models [18]. The module parametérs are given in Table 22, and the| block
diagrgm is given in Figure 27.
Table 22 — Parameter list for pitch control power module
Symbol Base unit Description Category Text hame
dp max Spase Rate limit for increasing power Type dpmax
dpin Spase Rate limit for deereasing power Type dpmin
T, s Lag time constant Type T
Prmin Spase Minimum power setting Type pmin
Pset Spase If Dinit < Pset then power will be ramped down to p .- Type pset
Ty(upt S$(Up,ee) Lookup table to determine the duration of the power Type Td(uWTTd)
reduction after a voltage dip, depending on the size of the
voltage dip 2
UyyRT Use Dip detection threshold P Type uUVRT]
a NOt.‘ thc\t fUI thc ‘VAV'ECC IIIU\JU:D, thlo :UUII\U'J tab:c ;D dUI‘IIICd [=k=] OtC'JD bUtVVCCII fUul 'JU;IItD.

b Note that for the WECC models, u

is equal to the highest voltage in 7,(u

UVRT WT)'
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NOTE | The initial power p, , is set by the load flow.

Figure 27 — Block diagram for pitch control power.module

7.6.2 Pitch angle control module

The module parameters are given in Table 23, and the block)diagram is given in Figure 28.

Table 23 — Parameter list for pitchangle control module

Symbd|l | Base unit Description Category Text ngme
Koy, deg/Q e Speed PI controller proportional gain Type KPomega
Ko deg/Q, ,../s | Speed Pl controller integration gain Type Klomega
Ko, deg’S, .qe Power PI controller proportional gain Type KPc
K. deg/S, .../s | Power Pl controller integration gain Type Klc
Koy Qpase’Spase Pitch cross coupling gain Type KPX
O max deg Maximum pitch angle of speed Pl controller Type Thetaomegamax
® ymin deg Minimum pitch angle of speed PI controller Type Thetaomegamin
dO® max deg/s Maximum pitch positive ramp rate of speed Pl controller Type dThetaomégamax
d®, min deg/s Maximum pitch negative ramp rate of speed Pl controller | Type dThetaoméggamin
cmax deg Maximum pitch angle of power Pl controller Type Thetacma
cmin deg Minimum pitch angle of power Pl controller Type Thetacmin
d®,ax deg/s Maximum pitch positive ramp rate of power PI controller Type dThetacmax
d®, in deg/s Maximum pitch negative ramp rate of power Pl controller | Type dThetacmin
max deg Maximum pitch angle Type Thetamax
min deg Minimum pitch angle Type Thetamin
de, .. deg/s Maximum pitch positive ramp rate Type dThetamax
do . deg/s Maximum pitch negative ramp rate Type dThetamin
Tg s Pitch time constant Type TTheta
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NOTE |The block diagram uses the anti windup integrator described in Clause D.9 and the first order filjer with
limitatign detection described in Clause D.11.
Figure 28 — Block diagram for pitch angle control module

7.7 |Generator and converter control modules

7.71 Rotor resistance control module

The module parameters.iare given in Table 24, and the block diagram is given in Figure 29.

Table 24 — Parameter list for rotor resistance control module

Symbal Base unit Description Category Text napne

T titter S Filter time constant for generator speed Type Tomegafiltrr
measurement

prr(Aw) Sbase Zhase/) Power-versus opccd uilallyc \llcgat;vc o“p) :uu'r\up Typc pll(Dcitaulll gaprr)
table

Ko, Zpase!Sbase Proportional gain in rotor resistance Pl controller Type KPrr

e Zp ase’Sbase’S Integral gain in rotor resistance PI controller Type Klrr
7 max Zpase Maximum rotor resistance Type rmax
T min Zpase Minimum rotor resistance Type rmin
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NOTE | The module is similar to the IEEE / WECC model, but there are some formal differences. Firstly{ the priginal
IEEE /|WECC model uses motor sign convention for power and slip in accordance with text beok)models for
asynchfonous machines, whereas this document uses generator sign convention, and therefore the’ Pl cqntroller
input sign is reversed compared to the signs in the original IEEE / WECC model. Secondly, the measuremgnt filter
gains in the original IEEE / WECC models are removed as measurement filter gains are_not considered| in this
documgnt. Thirdly, the frequency filter is removed from this block as it is included in the measurement block
Figure 29 — Block diagram for rotor resistance control'module
7.7.2 P control module type 3
The module parameters are given in Table 25, and the block diagrams are given in Figlire 30
and Flgure 31.
Table 25 — Parameter list for P_control module type 3
Symblol Base unit Description Category Text rlame
O ttset Qpase Offset to reference value'that limits controller Use case omegaoffset
action during rotor speed changes
w(p) QpaseSbase) Power vs. speed loogkup table Type omega(ppmega)
KF,p Tpase’Pbase Pl controller proportional gain Type KPp
KIp Tpase! Qpase!S Pl contraller integration parameter Type Kip
T oref s Time constant in speed reference filter Type Tomegargf
T fittp3 s Rilter time constant for generator speed Type Tomegaf|ltp3
measurement
Ko1p Spase! Chase Gain for active drive train damping Type KDTD
PDTDma Sy e Maximum active drive train damping power Type pDTDmak
é’ - Coefficient for active drive train damping Type zeta
op1p Obase Active drive train damping frequency can be Type omeqaDTD
calculated from two mass module parameters in
Table 16:
o k 1 N 1
TD = ,[Xdrt -
2'HWTR 2'ngn
Tpord s Time constant in power order lag Type Tpord
AP max Spase/S Maximum WT power ramp rate Type @ dpmax
AP\ efmax Sy ase/S Maximum ramp rate of WT reference power Project dprefmax
AP\ efmin Spase’S Minimum ramp rate of WT reference power Project dprefmin
Updip Upase Voltage dip threshold for P control. Part of Project updip
turbine control, often different (e.g. 0,8) from
converter thresholds
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Symbol Base unit Description Category Text name
A7 ax Tpase/S Ramp limitation of torque, required in some grid Project 2 dtaumax
codes
Temin Tyase Minimum electrical generator torque Type tauemin
Tyscale Tpase’Upase Voltage scaling factor of reset-torque Project tauuscale
Mwqui - Rotational speed source mode for torque Pl Project MomegaTqpi
. . b
controller error (0: Ogen ~ 10 owrRr)
M rmax - Rotational speed source mode for maximum Project MomegaTmax
torque calculation (0: oy — 1t @ )
MpuvRT - Enable UVRT power control mode (0: reactive Project MpUVR
power control — 1: voltage control)
A7 axudrT Tyase /S Limitation of torque rise rate during UVRT Project dtaumaxpPVRT
Upys Upase Voltage limit for hold UVRT status after deep Project uDVS
voltage dips
Tpys s Time delay after deep voltage dips Project TDVS
Myyscal - Voltage s_caling for power reference d_uring Prnoject MpUscalg
voltage dip (0: no scaling — 1: u scaling)
Updip Upase Voltage dip threshold for P control. Part of WT Project updip

control, often different from converter thresholds

Notg that grid codes often specify ramp rates for torque and power, in(s) In cases where it is not allowed o ramp
faster than specified in s, the user may want to adjust the ramp ratés dependent on the voltage dip depth.|In such
casps, the ramp rates are considered use case parameters.

Notg that setting M

wTqpi

= 1 (using rotor speed instead of génerator speed) is an efficient way to filter the| speed.
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NOTE The hook u;q, .0k iS NOt used by the models specified in Clause 6.
NOTE 2 The TORQUE PI block'is detailed in Figure 31.
Rigure 30 — Block diagram for type 3 P control module
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NOTE The hook u;q, 00k iS NOt used by the models specified in Clause 6.
NOTE 2 The Freeze function is detailed in"Clause D.5, i.e. using Figure D.7 without limitations.
Figure-31-= Block diagram for type 3 torque PI
7.7.3 P control module-type 4A
The module parameters are given in Table 26, and the block diagram is given in Figure 32.
Table 26 — Parameter list for P control module type 4A
Symbpl Base unit Description Category Text npme
Tpordp4 S Time constant in power order lag Type Tpordp4A
deaxp4A Spase’S Maximum WT power ramp rate Project dpmaxp4A
TpWTremA S Time constant in reference power order lag Type TpWTref4A
dPrefmaxp4A Spase’S Maximum WT reference power ramp rate Project dprefmaxp4A
AP efminaa Spase’S Minimum WT reference power ramp rate Project dprefmindA
My yscale - Voltage scgling for power reference during voltage dip | Project MpUscale
(0: no scaling — 1: u scaling)
Updip Upase Voltage dip threshold for P control. Part of WT control, | Project updip
often different from converter thresholds
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Figure 32 — Block diagram for type 4A P control module

7.7.4 P control module type 4B
The module parameters are given in Table 27, and th@ block diagram is given in Figure $3.
Table 27 — Parameter list for Pcontrol module type 4B
Symbpl Base unit Description Category
Tpordp4E s Time constant in powef/order lag Type Tpordp4B
Tpaero s Time constant in_ @erodynamic power response Type Tpaero
dpmaxpw Spase’S Maximum WT power ramp rate Project dpmaxp4H
dprefma)pw Spase’S Maximum WT reference power ramp rate Project dprefmaxp4B
AP eiminks Spase’S Minimum WT reference power ramp rate Project dprefmin4B
Myyscal - V_oltage scaling_ for power ref(_-:‘rence during voltage Project MpUscale
dip (0: no scaling — 1: u scaling)
Updip Upase Voltage dip threshold for P control. Part of WT Project updip
control, often different from converter thresholds
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Figure 33 — Block diagram for type 4B P control module

Q control module

The @ control module supports the 5 diffefént general Q control modes Myg listed in
Table(28.

Table 28 — General WT Q control modes M g

Description

0 Voltage cantrol

1 Reactive power control

plant level)

2 Open loop reactive power control (only used with closed loop at

3 Power factor control

4 Open loop power factor control

The (@ cantrol module supports the three specific and one user defined FRT Q control nodes
MqFRTmm—mmmmmm—mwmw% the

voltage dip, and in an optional post-fault period.

Table 29 — Reactive current injection for each FRT Q control modes Myggry

M@IFRT During fault Post fault

0 A function of the voltage change compared to the Same function as during fault
pre-fault voltage

1 Pre-fault current plus a term depending on the Same function as during fault
voltage change compared to the pre-fault voltage

2 Pre-fault current plus a term depending on the Pre-fault current plus a constant
voltage change compared to the pre-fault voltage

3 User defined User defined
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The module parameters for the Q control module are given in Table 30, and the block diagram
is given in Figure 34.

Table 30 — Parameter list for Q control module

Symbol Base unit Description Category

Mg - General Q control mode (see Table 28) Project MqG

Mert - FRT Q control modes (see Table 29) Project MgFRT

Kp, Upase’Sbase Re_active power Pl controller proportional Type KPq
gain

KIq Upase’Sbase/S Re_active power Pl controller integration Type Klq
gain

Ko, Ihase’Upase Voltage Pl controller proportional gain Type KPU

KpyerT Ipase’Upase Volltage P1 controller proportional gain Type KPuFRT
during FRT

K, Ipase!Upase!S Voltage PI controller integration gain Type Klu

Augp Upase Voltgge changq dead band lower limit Type Audb1
(typically negative)

Aug, o Upase VoIt_age chan_gg dead band upper limit Type Audb2
(typically positive)

Tss s Time constant of steady state voltage filter Type Tuss

Koy Thase’Upase Voltage scaling factor for FRT current Project Kqv

Upnax Upase Maximum voltage in voltage Pl.controller Type umax
integral term

Uin Upase Minimum voltage in voltage-PI| controller Type umin
integral term

Ueto Upase User defined bias_ifvyoltage reference Use case uref0
U Tref = UretoTAlipirres (US€D When MqG =0).

Uqdip Upase Voltage threshold for UVRT detection in Q Type uqdip
control

Ugrise Upase Voltage threshold for OVRT detection in Q Type uqgrise
control

qurd s Jime constant in reactive power order lag Type Tqord

Toost s Leng?h of time periqd where post fault Project Tpost
reactive power is injected

iqmax Tigss Maximum reactive current injection Type igmax

iqmin Iy ase Minimum reactive current injection Type igmin

z‘qh1 Iiase Maximum reactive current injection during Type igh1
\°11%

iqpost Iy ase Post fault reactive current injection Project igpost

Fdrop Zp ase _Resistive component of voltage drop Project rdrop
impedance

Xgrop Zpase Inductive component of voltage drop Project xdrop
impedance

Extreme care should be taken in coordinating the parameters u, ,, uy,, and Uqgip SO @S not to have an unintentional
response from the reactive power injection control loop.
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NOTE 1 The implementation of the "Freeze" function is described in Clause D.5.

NOTE 2 tan(g;,;,) is initialised by the load flow through gc @and p\y s In cases where the load flow pyrcqi IS
zero, tan(g;,;,) is initialised to zero.

Figure 34 — Block diagram for Q control module
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The external reference xyt1,ef Can either be a reactive power or delta voltage command from
the park controller, depending on the Q control mode. If no park controller module is applied,
this signal is initialised as a constant input.

The "Delay Flag" block outputs the Frrt flag in 1 of 3 stages described in Table 31.

Table 31 — Description of Fgpt flag values

Fepr Description
0 Normal operation (u i, < uywrciie < Ygrise)
1 During fault (uyregie < gip OF Uwrciitt = “grise)
2 Post fault (uqdip < uprei < ”qrise) stays Fpgp = 2 fort = Toost

The "Yoltage drop" block shall calculate the voltage in a point which is loeated with the|serial
impedance distance r+jx from WTT (typically a transformer), i.e.

2 2

Pwr dwt Pwr dwt

u= (MWT - rdrop - xdrop + xdrop - rdrop (1 )
Ut Uyt Uwr Hwr

7.7.6 Current limitation module

The cturrent limitation module combines the physjcaklimits and the control limits.
The module parameters are given in Table 32('and the block diagram is given in Figure $5.

Table 32 — Parameter list for current limiter module

Symbol Base unit Description Category Text name
i nax Iyase Maximum,eontinuous current at the WT terminals Type imax
imaxdip Iy ase Maximum current during voltage dip at the WT Project imaxdip
terminals
Mpesiin ? - Limitation of type 3 stator current (0: total current Type MDFSLim
limitation, 1: stator current limitation)
Mo - Prioritisation of reactive power during FRT (0: Project Maqpri
active power priority — 1: reactive power priority)
ipmax(u ) Lo Lookup table for voltage dependency of active Project ipmax(uWTipmax)
U, current limits
base
iqmax(uWT) Toase tookup tabtefor vottage dependency of Teactive Project fqmmaxtaWTigmax)
U_._) current limits
base
Upqumax Upase WT voltage in the operation point where zero Type upgqumax
reactive current can be delivered
quu Toase ! Partial derivative of reactive current limit vs. voltage | Type Kpqu
[]base
MpegLim = 1 for type 4 WTs.
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NOTE The hooks imax_hook and iqmax_hook are not used by the models specified in Clause 6.

NOTE 7 Dgen input is not used for type 4 which is ensured by setting Mg ;. = 0.

Figure 35 — Block diagram for current limiter

7.7.7 Constant.Q limitation module

The module_parameters are given in Table 33, and the block diagram is given in Figure 36.

Table 33 — Parameter list for constant Q limitation module

Symbol Base Description Category Text name
unit

9max Spase Maximum reactive power Type gmax

9min Spase Minimum reactive power Type gmin
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Figure 36 — Block diagram for constant Q limitation module

7.7.8 QP and QU limitation module

The module parameters are given in Table 34, and the block diagram is given in Figure 37.

Table 34 — Parameter list for QP and QU limitation module

Symbol Base unit Description Category Text name
qmaxp(p Spase Sphase) | LOOkup table for active power dependency of reactive Type gmaxp(pgmaxp)
power maximum limit
qminp(p) Spase Spase) | LOOKUp table for active power dependency of reagctive Type gminp(pgminp)
power minimum limit
Imaxut Spase Lookup table for voltage dependency of reactive power Type gmaxu(ugmaxu)
(Upase) maximum limit
ase
9rminu®) Spase Lookup table for voltage dependency of reactive power Type gminu(ugminu)
(Upase) minimum limit
ase
v\ ~
( \
| |
| u > '
| qmam( ) min > GwTmax
| —> |
UWTCHilt |
[ A [
: : Grminu(2t) :
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Figure 37 — Block diagram for QP and QU limitation module
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7.8 Grid interfacing modules

7.8.1 Grid protection module

The grid protection module includes protection against over and under voltage, and against
over and under frequency. The definite time grid protection is characterized by a set of
protection levels and a corresponding set of disconnection times as defined and tested in
IEC 61400-21-115. User-definable curves may be entered to model specific tripping profiles by
defining a set of voltage/time or frequency/time co-ordinates. Interpolation between points is
used to provide a smooth trip characteristic.

The module parameters are given in Table 35, and the block diagrams are given in Fiqure 38.

Table 35 — Parameter list for grid protection module

Symbol Base unit Description Category Text namle

Ugyer Upase WT over voltage protection activation Project uover
threshold

Tyover(twT) S (Upase) Disconnection time versus over voltage Project Tuover(uWTTu¢ver)
lookup table

U, nder Upase WT under voltage protection activation Project uunder
threshold

T ounder®wt) | 8 (Upase) Disconnection time versus under voltage Project Tuunder(uWTTpunder)
lookup table

Jover Ja WT over frequency protection activation Project fover
threshold

TeoverMiT) s (f,) Disconnection time versus overdreguency Project Tfover(fWTTfover)
lookup table

JSunder Ja WT under frequency proteetion activation Project funder
threshold

TtunderdwT) s (f,) Disconnection time vwersus under frequency Project Tfunder(fWTTfynder)
lookup table

15 Industry normally models protection conservatively, so that model tripping always occurs when one of the voltage
or frequency levels exceed the corresponding protection level thresholds. Actual equipment may exceed these
minimum ride-through protection level thresholds without tripping the WT.
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Figure 38 — Block diagram for grid protection system

ch individual pair of protection level and dis¢onnection times, the module trips the

WT if

the corresponding variable has exceeded the, corresponding protection level continfiously

duringd the corresponding disconnection time. The module does not include any reconnection of
a tripged WT.
To usg a definite — time relay module, a single pair of co-ordinates can be defined in lpokup
tables| To use specific tripping profiles, the user can enter as many pairs of co-ordinajes as
requirgd in lookup tables.
7.8.2 Grid measurement.module
The gdarameters for the_grid measurement module are given in Table 36 and the block diggram
is given in Figure 39.
Table 36 — Parameter list for grid measurement module
Symbpl Base Description Category Text pame

unit 'l
ao .. Juls Maximum rate of change of frequency? Type dPhimax
T it S Time constant in voltage measurement filter Type Tufilt
Tisire S Time constant in current measurement filter Type Tifilt
Tpfilt S Time constant in power measurement filter Type Tpfilt
Tosin s Time constant in reactive power measurement Type Tqfilt

filter

Tiire s Time constant in frequency measurement filter? Type Tffilt
a Jdo should be greater than any ROCOF protection activation threshold in the power system. Presently,

max

0,5 Hz/s is reported in some grid codes, and 2,5 Hz/s proposed, so it is recommended to use d®_ . =5 Hz/s.

> Typ

ical values for protection equipment are 3 to 5 line periods.
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NOTE | The module parameter f_ is included in the global parameter list Table 12.

Figure 39 — Block diagram for u-f measurement

7.9 |Wind power plant control modules
7.91 WP P control module

The module parameters are given in Table 37, and the block diagram is given in Figure 40.

Table 37 — Parameter list for power/frequency control module

Symbol Base unit Description Category

Pwebids() SpaseN) Look up table for defining power variation Use case pWPbias(fpWPHias)
versus freguency

AP ywerdimax Spase! S Maximum positive ramp rate for WP power Project dpWPrefmax
reference

ap\werkimin Spase’ S Minimum negative ramp rate for WP power Project dpWPrefmin
reference

Peorrma Spase Maximum control error for power Pl Project perrmax
controller

Perrmin Spase Minimum negative control error for power Pl | Project perrmin
controller

K\ypprbs - Power reference gain Project KWPpref

Kowpy - Power Pl controller proportional gain Project KPWPp

K\wep s Power Pl controller integration gain Project KIWPp

PKIWPpmax Spase !\/Iaximum active power reference from Project pKIWPpmax
integration

PKIWPpmin Spase !\/Iinimur_n active power reference from Project pKIWPpmin
integration

Drefmax Spase Maximum PD power reference Use case prefmax

Prefmin Spase Minimum PD power reference Project prefmin

P efmax Spase’ S Maximum positive ramp rate for PD power Project dprefmax
reference

ap emin Spase’ S Minimum negative ramp rate for PD power Project dprefmin
reference



https://iecnorm.com/api/?name=d1bae3ccbc55d6160339797869cc17b2

IEC 61400-27-1:2020 © |IEC 2020

PWPhook

dememax

— 69 —

Kpwpp

Perrmax

J Prefmax
gn

NOTE

7.9.2

The module parameters are given in Table 38, and thedlock diagram is given in Figure 4
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The hook pyypook 1S NOt used by the models specified in Clause 6.

Figure 40 — Block diagram for WP power/frequency control module

WP Q control module

Table 38 — Parameter list for reactive'‘power/voltage control module

Symbol Base unit Description Category
Iwp Uerr) Spase Look up table for the UQ static mode Project gqWP(uerrqWP)
(Ubase)

T gfitt s Time constant.for the UQ static mode Project Tudfilt

Uypadip Upase Voltage.threshold for UVRT detection Project uWPqdip

Uypgribe Upase Voltage threshold for OVRT detection Project uWPqrise

KWPqu Yoltage controller cross coupling gain Project KWPqu

KWqu,f - Reactive power reference gain Project KWPqgref

Kowp - Reactive power/voltage Pl controller Project KPWPx
proportional gain

Kiwex s Reactive power/voltage Pl controller Project KIWPx
integral gain

X WP R - Maximum reactive annrl\/nlfngn Drnjnr‘f xKIWPxmax
reference from integration

XK WPxmax Xpase Minimum reactive Power/voltage Project xKIWPxmax
reference from integration

X efmax Xpase Maximum WT reactive power/voltage Use case xrefmax
reference

X otmin Ypase Minimum WT reactive power/voltage Project xrefmin
reference

dx, tmax Ypase! S Maximum positive ramp rate for WT Project dxrefmax
reactive power/voltage reference

dX otmin Xpase! S Minimum negative ramp rate for WT Project dxrefmin
reactive power/voltage reference

M\,\,qude Reactive power/voltage control mode Use case MWPgmode
(0 —reactive power reference, 1- power
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Symbol Base unit Description Category
factor reference, 2- UQ static, 3 voltage
control)
"WPdrop Zbase Resigtive component of WP voltage Project rWPdrop
drop impedance
XWPdrop Z, Inductive component of WP voltage Project xWPdrop
ase drop impedance
Xorrmax Ypase Maximum rea_ctlve power frror_ (or Project xerrmax
voltage error if Mypgmode = 2) input to
Pl controller
Xerrmi Xpnce Minimum reactive power error (or Project xerrmin
voltage error It MWquode =2) Input to
Pl controller
Iwpmdx@wp) Spase Power dependent reactive power Project gWPmax({pWPqWPmax)
(Space) maximum limit
ase
Iwpmih@we) Spase Power dependent reactive power Project qWPmin(pWPqWPmin)
(Space) minimum limit
ase
;s - - - - - -"-"-—"-"-"-""-""-"""-"">""""=""=""="-F-"F"="F"="F""-"¥"="-""¥"-"" "7’ \"—" """ " "= """ """V —- =" ~
[
| |
| > _qwemin(pwe) l |
| AP PR Mwpqfose  Xerrmax Kpwpx Yrefmax - dXrefmad|
| Mywpgmode N} |
| . |
XwPrefcom l—’ 0 0 > > f o 1 3 xK\W;x_max | XPDrer
X - P 2 |
! X 7KIWPX ' ! dxrelmm :
DPwrritCom | =® 0 1 P 3 Xerrmin s :Xrelmin: ” |
[} ] <
| 1 T4 s |
| 2 xKIWFﬁ(mm? H | 18 8 |
1+ 5T g N 1 12 E |
I ¥ s
. 15
| lo 3 L |
I e o |
qwrritcom + : : I
| . ! i |
[}
| ! ' ! |
[ +y | | ] [
| o ' ! |
| > N ! : ! |
| [}
| - 2\) W TTTTmsssssssssss-- B At oo |
| Freeze |
| [ ™ Uwrqdip |_’ : [
| > Voltagedrop > > 1 |
| (tpadpTXwrdrop ] |
thwerircom | > - or 4 | Fwerrr
| > |
\
r-——-———-"—""—" 1 IEC

Figure 41 — Block diagram for WP reactive power/voltage control module

The external reference xypreicom Can either be a reactive power, voltage or power factor
command communicated by the operator, depending on the reactive power/voltage control

mode MWquode'
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7.10

7.10.1

Communication modules

General

Two different communications are specified below: the communication delay module and the
linear communication module. The communication delay module is recommended if accurate
modelling of the communication delay is required, but this module slows down computer
simulation time, especially in cases where many WPs are simulated in large system studies. In
such cases, it is recommended to use the linear communication module.

7.10.2 Communication delay module

The module parameters are given in Table 39, and the block diagram for an example yith N
commjunication variables is given in Figure 42.
Table 39 — Parameter list for communication delay module
SymNlol | Base unit Description Category Text name
Ty s Communication delay time Project Td
2 ican
Y2 WV2Com
IN YNCom
AN\ IEC
Figure 42 — Block/diagram for communication delay module
7.10.3 Linear communication module
The module parametershare given in Table 40, and the block diagram for an example yith N
commyunication variables is given in Figure 43.
Table 40 — Parameter list for linear communication module
Symbol [(Base unit Description Category Text name
T\ead (S Communication lead time constant Project Tlead
Tlag S Communication lag time constant Project Tlag
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1+STIead

Rl > 1+S7—|‘ag > Vicom
1+STIead

)2 > 1+S7—|‘ag > Vocom
1+STIead

IN » 1+S7—|‘ag JYNCcom

7.1
7.11.1

This
IEC 6

IEC

Figure 43 — Block diagram for linear communication module
for an example with N communication variables

Electrical components modules

Line module

970-301 should be used. Alternatively, a build-in line module in a chosen simulatig

can b¢ used.

7.11.2

This d
in 1IEQ
simulg

7.11.3

This d
specif
simulg

Transformer module

61970-301 should be used. Alternatively, a build-in transformer module in a ¢
tion tool can be used.

Other electrical components-modules

ocument does not specify 'standard electrical components modules. Standard mg
ed in IEC 61970-301 should be used. Alternatively, build-in modules in a ¢
tion tool can be used.

document does not specify a line module. A standard line module specified in

n tool

ocument does not specify a transformer modire. A standard transformer module spgcified

hosen

dules
hosen
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Annex A
(informative)

Estimation of parameters for single branch
power collection system model

A.1 General

Annex A specifies a method for estimation of the parameters of the single branch power
collection system model shown in Figure 16, The estimation is based on a method descriped in
[25]. The applied method is based on the following assumptions:

— AIlWTs can be represented by the same model.
— Al WTs inject the same active and reactive currents.

— The impact of other assets than WTs connected to the power collection system is
digregarded.

— The power collection system is radial, i.e. one possible power flow*path from each WT to
WP POC.

- T:]e method is based on DC power flow assuming same per-unit voltage in all points,

— Thle active and reactive power losses are approximately the same in the aggrggated
collection system model as in the detailed collection system model.

A.2 | Description of method

A.2.1 General

The aggregation is done using per-unit parameters at the WP level.

Assuming that the active and reactivejlosses are preserved by the aggregation, a numbegr Ny,

of serfal impedances z, can be aggregatet into a single serial impedance z,,, determined as

( i Jz A.1
Zpgg = z; .
99 p NWT ( )

where| n; is the pumber of wind turbines feeding through z; and Ny is the total number of wind
turbines in the wind plant.

Assunming that the active and reactive losses are preserved by the aggregation, a number [Ny, nt
of sh%mmmmmmmmw as

N,

Vshunt

Vogg = 2 Vi (A.2)

i=1

A.2.2 Lines aggregation

The physical lines in the power collection system are aggregated into a single aggregated
collector line denoted ACL.

Following the general method in A.2.1, the physical lines are represented by the per-unit
parameters at the WP level.
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Using Formula (A.1), the serial impedance zpc| of ACL is determined as

M, 2
ZpcL ZZ[N[ j z; (A.3)
wWT

=1

where N| is the total number of lines in the power collection system, z; is the serial impedance
of line i, n; is the number of wind turbines feeding through line i and Ny is the total number of
WTs in the WP.

Using[Formula (A-Z), the shunt susceptance bpcL OT ALL Is calculated according to

NI.
bpo. = Db, (A.4)
i=1

where| b, is the shunt susceptance of line i.

A.2.3 Wind turbine transformers aggregation

The physical WT transformers are aggregated into a single, aggregated transformer dgnoted
TRWT.

Following the general method in A.2.1, the physical<W¥ transformers are represented by the
per-unit parameters at the WP level. However, datafor the physical WT transformers are ysually
given ps per-unit parameters at the WT level. Therefore, it is necessary to convert the WT level
transformer parameters to WP level before they/are aggregated.

The ger-unit value at WT level of a single WT transformer serial impedence zjrrgwt IS
convefted to physical value Z;tg gwp at the WP voltage level Uyp, (high voltage side [of the
WT transformer) according to

U 2
WP

Zirrawe = Zrirawt P—n (A.5)
WTn

The physical valuge Zs1r gwp at the WP level is converted to per-unit value z41g gwp at the WP
level according to

2

=7 U\Ni =7 .M

Z1R@WP — £1TR@WP b T LTR@WP TS, 2 (A.6)
I 7 WPn ~ WPn

The WP nominal power Pyp, is calculated as the sum of WT nominal powers. If the WP consists
of Nyt WTs each with nominal power Py, then

Byen = Nwr By (A.7)
Inserting Formulae (A.5) and (A.7) in Formula (A.6) yields

Zirrawp = NwrZitra@wt (A.8)
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The impedance zrgyt Of the aggregating WT transformer TRWT is calculated according to
Formula (A.1).

i=1

Nt 1 2
ZTRWT =~ Z (N_J Z1TR@WP (A.9)
wT

Inserting Formula (A.8), Formula (A.9) yields

ZTRWT = Z1TR@WT (A.10)

Formyla (A.10) shows that the per-unit value of the aggregated TRWT serial impedance|in WP
base is equal to the serial impedances of a single WT transformer in WT base. Incother yords,
the pgr-unit values from the WT model can be applied directly in the WP modelx Thus, the WT
transfprmer serial impedance parameters rrrq, TR, ¥TR2 @nd x7ro Can be used for TRWT. It

can also be shown that the WT shunt parameter x1g) can be used for TRW.I«

NOTE |Also the WT model can be applied directly in the aggregation changing only\the power base accofding to
Formulg (A.7).

A.3 [ Numerical example

An exgmple power collection system is shown in Figure"A»1.

T QD
TRWT1 L1 TRWI6 L6
I D
TRWT2 L2 TRWT7 L7
iE QD
TRWT3 L3 TRWTS8 L8
T QD
TRWT4 ) TRWT9 L9
WT5
FRWT5S
External
grid

Figure A.1 — WP power collection system example

Line parameters for each of the lines are given in Table A.1 together with calculated values for
the aggregated collection line (last row in table).
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Table A.1 — Lines parameters and aggregation calculations.
The data is in per-units using WP base values

The W
WT bg
are gi

Line i r, X, b, . [ n; ]2 - [ n, jz N
name Nyqp ! Nor !
L1 1 0,000 3 0,000 3 0,0371 1 0,000 0 0,000 0
L2 2 0,000 3 0,000 3 0,0385 2 0,000 0 0,000 0
L3 3 0,000 4 0,000 3 0,0432 3 0,000 0 0,000 0
L4 4 0,000 8 0,000 7 0,0873 4 0,000 1 0,000 1
LS [S) 0,000 6 0,000 & 0,079 [S) 0,000 2 0,000 2
L6 6 0,000 5 0,000 4 0,0581 1 0,000 0 0,000 0
L7 7 0,000 5 0,000 4 0,0559 2 0,000 0 0,000 0
L8 8 0,000 6 0,000 5 0,0639 3 0,000 1 0,000 O
L9 9 0,000 4 0,000 4 0,0464 4 0,000 1 0,000 1
L10 10 0,000 4 0,000 5 0,0556 5 0,000 1 0,000 1
L11 11 0,000 4 0,000 6 0,0601 10 0,000 4 0,000 6
ACL - - - 0,625 1 - 0,001.0 0,001 1

T transformers are assumed to be identical. The_parameters for the WT transform
se per-unit values and the parameters for the WR\transformer in WP base per-unit

enin Table A.2.

Table A.2 — Transformers parameters

Transformer per-unit I Xy ry X, XM
base

TRWT Zpase 0,004 4 0,050 0 0,004 4 0,050 0 1960

TRWP Zpase 0,000 7 0,031 5 0,000 7 0,031 5 1350

ers in
alues
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