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WIND-TFURBINES ENERGY GENERATION SYSTEMS -

Part 25-1: Communications for monitoring and control of
wind power plants — Overall description of principles and models
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FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
gIl national electrotechnical committees (IEC National Committees). The object of IEC. is to pron
nternational co-operation on all questions concerning standardization in the electrical and electronic fields
his end and in addition to other activities, IEC publishes International Standards, Technical Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter ,referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natignal Committee intere
n the subject dealt with may participate in this preparatory work. International,l/governmental and 1
povernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clo
ith the International Organization for Standardization (ISO) in accordance\ with conditions determined
pgreement between the two organizations.

The formal decisions or agreements of IEC on technical matters expresss;-as-nearly as possible, an internati
consensus of opinion on the relevant subjects since each technical ‘committee has representation fronj
nterested IEC National Committees.

EC Publications have the form of recommendations for international use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are miade to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
misinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any diverg¢g
between any IEC Publication and the corresponding;national or regional publication shall be clearly indicate
he latter.

EC itself does not provide any attestation.@f* conformity. Independent certification bodies provide confor
pssessment services and, in some areas,@ccess to IEC marks of conformity. IEC is not responsible for
services carried out by independent certification bodies.

All users should ensure that they have-the latest edition of this publication.

No liability shall attach to IEC-of its directors, employees, servants or agents including individual experts
members of its technical commiftees and IEC National Committees for any personal injury, property damag
bther damage of any nature-whatsoever, whether direct or indirect, or for costs (including legal fees)
Expenses arising out of, the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

ndispensable far the correct application of this publication.

Attention is«drawn to the possibility that some of the elements of this IEC Publication may be the subjeq
patent rights.M[EC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 61400-25-1 has been prepared by IEC technical committee 88:
Wind energy generation systems.

Thi

s second edition cancels and replaces the first edition published in 2006. This edition

constitutes a technical revision.

Thi
edi

a)

b)

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

Ful
the)

Thi

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

general harmonization of text and overview models with the other parts of the
TEC 6 1400-25 Series,

harmonization of definitions in other related standards.

CbhV Report on voting
88/587/CDV 88/622/RVC

| information on the voting for the approval of this International\Standard can be found in
report on voting indicated in the above table.

s document has been drafted in accordance with the IS@HEC Directives, Part 2.

The¢ title of TC 88 was changed in 2015 from Wind turbines to Wind energy generafion

SYS

Al
Wi

tems.

st of all parts in the IEC 61400 series, published under the general titles Wind turbines and
nd energy generation systems can be foudd on the IEC website.

The¢ users of IEC 61400-25 have forméed a community, USE61400-25. For further informafion

Seq

Att
IEC
iss

http://www.use61400-25.com.

hched to the release of thelJEC 61400-25 standard series and in addition to the standprd
maintenance process;\a-specific maintenance process is set up to handle technical
Les raised after publication. Here are the main principles:

Technical issues—(called TISSUES) are collected from the release of the new document in
cooperation with,the user group for the IEC 61400-25 standard series USE61400-25.
The collected TISSUES can be categorized in two groups:

— TISSUES that can threaten interoperability between implementations of the standprd
and*that need either corrections or clarifications (“IntOp” TISSUES),

—{/TISSUES that propose new features that will be implemented in future versions of the

standard (“nnvf edition” TISS| II:Q)_

IntOp TISSUES require immediate clarification and are following a transparent fixing
process handled by the user group for the IEC 61400-25 standard series together with the
editors of the IEC 61400-25 standard series.

The detailed specification of this process, the list of TISSUES, associated fix, their status
and impact on implementation and certification are accessible through the USE61400-25
web site http://www.use61400-25.com.

IEC recommends implementing the proposed fixes to IntOp TISSUES, as soon as they
have reached the “green” status. The list of TISSUES which are implemented in an
intelligent electronic device (IED) should be transparently stated by its manufacturer.


http://www.use61400-25.com/
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicat¢s
that it contains colours which are considered to be useful for the\ corrept
understanding of its contents. Users should therefore print this document using|a
caolour printer.
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INTRODUCTION

IEC 61400-25 (all parts)—addresses is intended for vendors (manufacturers, suppliers), ‘
operators, owners, planners, and designers of wind power plants as well as system
integrators and utility companies operating in the wind energy market. IEC 61400-25 (all
parts) is intended to be accepted and to be used world-wide as the international standard for
communications in the domain of wind power plants.

IEC 61400-25 (all parts) has been developed in order to provide a uniform communications
basis for the monitoring and control of wind power plants. It defines wind power plant specific
information, the mechanisms for information exchange and the mapping to communicatjon
prgtocols. In this regard, IEC 61400-25 (all parts) defines details required to exchange' the
available information with wind power plant components in a manufacturer-independgent
enyironment. This is done by definitions made in this part of IEC 61400-25 or by,reference to
other standards.

The wind power plant specific information describes the crucial and cemmon process @nd
configuration information. The information is hierarchically structured and,covers for examjple
common information found in the rotor, generator, converter, grid copnection and the like. The
information may be simple data (including timestamp and quality) and configuration valueq or
more comprehensive attributes and descriptive information, for ‘example engineering upit,
scdle, description, reference, statistical or historical information. All information of a wjnd
poyer plant defined in IEC 61400-25 (all parts) is name tagged. A concise meaning of e@ch
dafla is given. The standardized wind power plant information can be extended by means qgf a
name space extension rule. All data, attributes and descriptive information can be exchanged
by corresponding services.

The implementation of IEC 61400-25 (all parts)zallows SCADA systems (supervisory confrol
ang data acquisition) to communicate with.“wind turbines from multiple vendors. The
standardized self-description (contained_.either in an XML file or retrieved online from a
deyice) can be used to configure SCADA applications. Standardization of SCADA applicatipns
arg excluded in IEC 61400-25 (all parts) but standardized common wind turbine informafion
prgvides means for re-use of applications and operator screens for wind turbines friom
different vendors. From a utility(perspective, unified definitions of common data minimfize
conversion and re-calculationwof data values for evaluation and comparison of all their wjnd
poyer plants.

IEQ 61400-25 (all parts), can be applied to any wind power plant operation concept, i.e. bpth
indjvidual wind turbines, clusters and more integrated groups of wind turbines. The applicatfjon
a of IEC 61400-25 (all parts) covers components required for the operation of wind poyer
plants, i.e. notlenly the wind turbine generator, but also the meteorological system, the
electrical system, and the wind power plant management system. The wind power plant
specific information in IEC 61400-25 (all parts) excludes information associated with feeders

Th ---e- o 64400 o d ba i o—ehRHat+e—GopPoRen o . e eRao tO
communicate with other components, at any location. Object-oriented data structures can
make the engineering and handling of large amounts of information provided by wind power
plants less time-consuming and more efficient. IEC 61400-25 (all parts) supports scalability,
connectivity, and interoperability.

IEC 61400-25 (all parts) is a basis for simplifying the contracting of the roles the wind turbine
and SCADA systems have to play. The crucial part of the wind power plant information, the
information exchange methods, and the communication stacks are standardized. They build a
basis to which procurement specifications and contracts could easily refer.
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IEC 61400-25 is organized in several parts.

NO

IEC 61400-25-1 offers an introductory orientation, crucial requirements, and a modelling
guide.

IEC 61400-25-2 and IEC61400-25-6 contain the description of the information model, a
uniform, component-oriented view of the wind power plant data, including extensions for
condition monitoring.

IEC 61400-25-3 describes the information exchange model. It reflects the functionality of
the server.

—o5= nd
information exchange model to a standard communication profile. The choice dept{f/d& on
the application and the functionality and performance needed. Q~

IEC 61400-25-5 describes test cases for conformance testing of implementatio{&

[E-+ Performance of IEC 61400-25 (all parts) implementations are application specific.(l,EC 61400-25|(all

parfs) does not guarantee a certain level of performance. This is beyond the scope of IEC'61400-25 (all pafts).

HoV
(mil

ever, there is no underlying limitation in the communications technology to preven(r-jTgh speed application
isecond level responses).

moq 8 vidual
seldeted pHYG—W a d viges-
A s cifie nning s d o in bheol
A-specific-mapping-m r lem A 1s-or-due-to-underlyin f ol
useH need to extend and etg s individual information—or individual services in IEC 61400-25 -2 Ihnd
usefl,—need—to—extend—and—clarif vidual—information—or—ndividual—services—in—EC—64400-25-2—pnd
IECl 61400-25-3_|EC 1400-25 wil-in—this- sense have-the highest prioritv—of the ranking-order-in-regardsof
E 400-25-3E 400-25-4-will-in—this—sense—hav highestpriorityof the—ranking—orderin—regards—of
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WIND-TURBINES ENERGY GENERATION SYSTEMS -

Part 25-1: Communications for monitoring and control of
wind power plants — Overall description of principles and models

1 Scope

Th«L focus of IEC 61400-25 (all parts) is on the communications between wind power pILnt
components such as wind turbines and actors such as SCADA systems.</internal
communication within wind power plant components is beyond the, “'scope | of
IEG 61400-25 (all parts).

IEQ 61400-25 (all parts) is designed for a communication environment supported by a clignt-
senver model. Three areas are defined, that are modelled separately to‘ensure the scalabllity
of implementations:

1) |wind power plant information models,
2) |information exchange model, and

3) | mapping of these two models to a standard communication profile.

The wind power plant information model and thel.information exchange model, viewed
together, constitute an interface between client _and" server. In this conjunction, the wjind
power plant information model serves as an interpretation frame for accessible wind poyer
plant data. The wind power plant information model is used by the server to offer the clier]t a
uniform, component-oriented view of the wind power plant data. The information exchanpge
model reflects the whole active functionality’of the server. IEC 61400-25 (all parts) enablles
connectivity between a heterogeneous, combination of client and servers from differpnt
manufacturers and suppliers.

As|depicted in Figure 1, IEC 61400-25 (all parts) defines a server with the following aspects:

— |information provided by“a wind power plant component, for example, ‘wind turbine rqtor
speed’ or ‘total power production of a certain time interval’ is modelled and made availalple
for access. The_tinformation modelled in |IEC 61400-25 (all parts) is defined| in
IEC 61400-25-2¢@nd IEC 61400-25-6,

— |services to exchange values of the modelled information defined in IEC 61400-25-3,

— |mapping 46-@a communication profile, providing a protocol stack to carry the exchanged
values_from the modelled information (IEC 61400-25-4).

IEG 61400-25 (all parts) only defines how to model the information, information exchange and
mapping to specific communication protocols. IEC 61400-25 (all parts) excludes a definition) of
how and where to implement the communication interface, the application program interface
and implementation recommendations. However, the objective of IEC 61400-25 (all parts) is
that the information associated with a single wind power plant component (such as a wind
turbine) is accessible through a corresponding logical device.

This part of IEC 61400-25 gives an overall description of the principles and models used in
IEC 61400-25 (all parts).

NOTE IEC 61400-25 (all parts) focuses on the common, non-vendor-specific information. Those information items
that tend to vary greatly between vendor-specific implementations can for example be specified in bilateral
agreements, in user groups, or in amendments to IEC 61400-25 (all parts).
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Communication model of the IEC 61400-25 series

'Cllent : Server
1

: ”””””””””” [ Messaging

' Information exchange | ! through mapping Information exchange

1 imodel (get, set, report, | _; to communication model (get, set, report,

1 |log, control, etc.) i 41— profile (Read, ® log, control, etc.)
77777777777 : ¢! write, ... message) o
i i + Defined in P! : Defined in Yo !
, Ador | IIEC 61400-25-3 . Definedin IEC 61400-25-3 Wind power |
Loeg AR '\ IEC 61400-25-4 ; | plant |
1 SCADA . i PR | 0 ' component !
1 I I i T 1 T€.g. Wind [urpine !
I 1 [ 1 ' 1 I
i i i ' : ' H :
: ! R Lt | = : :
| ! ! Wind power plantu | Wind power plant | i
i --z=alell__ information model | information model A |
! _e-mz== N T e aTESSEg A |
| A Hie Definedin: | (rotor speed, brake__-~" ,r] LT T, |

[~ 1= efinediny status, total power =~-7" L B arndl
Agplication , IEC 61400-25-2 and | | production, etc) A N
e i _--~-_IEC 61400-25-61 |
SN Tt b Defined in NN -
. "'"'":"' P! IEC 61400-25-2 an z
Scf;':e : b IEC 61400-25-6 ?1507 Outside
H 3 ons scope

EC

Figure 1 — Conceptual communication model of the
IEC 61400-25 series

2 | Normative references

The¢ following documents are referred to in theXtext in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the editlion
citgd applies. For undated references, the.latest edition of the referenced document (includjng
any amendments) applies.

IEG 61400-12-1

prdduei L

Fim
(o))

IEQ 61400-25 (all parts), Wind turbines — Part 25: Communications for monitoring and confrol
of wind power plants

IEQ 61400-25-2:2015] Wind turbines — Part 25-2: Communications for monitoring and confrol
of wind power pfants — Information models

IEQ 61400425%-3:2015, Wind turbines — Part 25-3: Communications for monitoring and confrol
of windpawer plants — Information exchange models

iteding
and control of Wlnd power plants — Mapp/ng to commumcat/on profile

IEC 61400-25-6, Wind energy generation systems — Part 25-6: Communications for monitoring
and control of wind power plants — Logical node classes and data classes for condition
monitoring

IEC 61850-7-1:2003 2011, Communication networks and systems—in—substations for power
utility automation — Part 7-1: Basic communication structure—fer—substation—and—feeder
eguipment — Principles and models

IEC 61850-7-2:2003 2010, Communication networks and systems—in—substations for power
utility automation — Part 7-2: Basic information and communication structure—fer—substation
and-feederegquipment — Abstract communication service interface (ACSI)
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addresses:

3.1
act

rol¢ a system plays in the context of monitoringyand control, while it is not directly involveg

win

Not
con

3.2

alarm

win

stafement of safety intervention by the wind turbine control system (i.e. on/off)

3.3

Terms and definitions

the purposes of this document, the following terms and definitions apply.

and IEC maintain terminological databases for use in standardization at the follow

IEC Electropedia: available at http://www.electropedia.afgl

ISO Online browsing platform: available at http://wwws0.org/obp

or
d power plant operation, such as supervisory control and data acquisition system (SCAL

e 1 to entry: There are many other designations for example central management system, monitoring
rol system, remote control system

d power plant state information

ch

prgperties of analogue information (min., max., avg, dev, etc.)

3.

command
controllable data for system behaviour

racteristic values

ing

in
A)

and

EXAMPLE Enable/disable, activate/deactivate.

3.5

communication function
function used by an actor to configure, perform and monitor the information exchange with
wind power plants

EXAMPLE Operational function, management function.

3.6

control
operational function used for changing and modifying, intervening, switching, controlling,
parameterization and optimizing of wind power plants
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3.7
counting value
total number of occurrences of a specific event

3.8
data retrieval
operational function used for collecting of wind power plant data

3.9

diagnostics
mapagement function used to set up and provide for self-monitoring of the communicafion
sydtem

3.10

elelctrical system
B

n
a—vvirta 2

L
<

[
A

(]
o

(o]
<

eeh

A bi
set| of electrical components working together as parts of a wind turbine or wind farm for
collecting and transmitting the produced electricity in a wind power plant

3

3.11
eant
stafe transition (status, alarm, command)

3.1]2
intelligent electronic device
IED
any device incorporating one or more processors; with the capability to receive data from|an
external sender or to send data to an external receiver

EXAMPLE Wind turbine controller.
Notg 1 to entry: An IED may have connections as a client, or as a server, or both, with other IEDs.

Notg 2 to entry: This note only applies tothe French language.

3.13
information
content of communication

Notg 1 to entry: The\basic element is raw data from the wind power plant components, which shall be procegsed
into| specified information according to IEC 61400-25 (all parts).

Notg 2 to efthy* Wind power plant information categories are: source information (analogue and sfate
infomation),\derived information (statistical and historical information). Information is defined as data (usdally
pro¢essed and derived data, and information describing other data).

3.14
information exchange

communication process between two systems, such as wind power component and actor, with
the goal to provide and to get relevant information

Note 1 to entry: Information exchange requires specific communication functions, consisting of one or more
services.

3.15

information model

model representing knowledge concerning functions and devices in which the functions are
implemented

Note 1 to entry: This knowledge is made visible and accessible through the means of IEC 61400-25 (all parts).
The model describes in an abstract way a communication oriented representation of a real function or device.
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3.16
log
wind-power-plant historical information

Note 1 to entry: Log is a chronological list of source information for a period of time.

3.17
logging
operational function

lodical device

enflity that represents a set of typical wind power plant functions

3.19
management function
funfction required for the administration of the information exchange in‘ajcertain level

Notg 1 to entry: Management functions are user/access management, timé-synchronization, diagnostics, jand
configuration.

3.20
mandatory
i provided in compliance to IE€/61400-25 (all parts)

3.21
measured data
sampled value of a process quantity with_associated data attributes such as time stamp @nd

quality

3.

mejteorological system
component of a wind power plant responsible for the monitoring of the ambient conditions, |for
example the wind speed, wind-direction, pressure, temperature—ete.

Notg 1 to entry: It supplies, data for various purposes for example to correlate the meteorological data to|the
elegtrical energy output pylindividual wind turbines to the potentially usable wind energy.

3.23
manitoring
opg¢rational-function used for local or remote observation of a system or a process for @ny
chgnges which may occur over time

Notgte” entry: The term can also be used for observation of the behaviour of a data value or a group of data
values:

3.24

operational function

function to obtain information and to send instructions for the normal daily operation of wind
power plants

Note 1 to entry: Types of operational function are: monitoring, logging, reporting, data retrieval, control.

3.25
optional
defined-contentcan-be optionally provided in compliance with IEC 61400-25 (all parts)
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3.26
parameter
controllable information intended for obtaining or correcting a system behaviour

3.27

processed data

measured value, with the associated data attributes such as time stamp and quality, which
has been processed according to the calculation method attribute

3.28
praftile(s)
format(s) used by a particular protocol to transmit data objects or commands, etc.

3.
pq:ocol stack

pafticular software implementation of a computer networking protocol suite

Notg 1 to entry The terms are often used interchangeably. Strictly speaking, the suite/is the definition of|the
profocols and the stack is the software implementation of them.

3.30
regort
actpual information sent by the function reporting

Notg 1 to entry: A report can contain all kinds of information defined(in*IEC 61400-25-2.

3.31
reporting
rational function to transfer data from a server to a client, initiated by a server applicatjon

3.
supervisory control and data acquisition
SCADA

sydtem based on a processor ‘unit which receives information from IEDs, determines fhe

1 to entry: SCADA is_a‘computer system that for example dispatchers use to monitor the power distribution

Notg 2 to entry: Thisngté only applies to the French language.

stafe condition of a component or system (st1/st2/..stn)

3.

statistical information
result of applying a statistical algorithm to a set of data in order to get, for example, minimum,
maximum, mean standard deviation

3.35
timing data
time duration of a specific state

3.36
time synchronization
coordination of occurrences to operate in unison with respect to time
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Note 1 to entry:

an observable coincidence in eventuality.

3.3

7

three phase data
measured value in a three phase electrical circuit with associated data attributes such as time
stamp, quality and calculation method

3.3

8

transient log
event triggered chronological list of high resolution information for a short period of time

This process can be a premeditated arrangement set forth on a parallel time scape, or it can be

(e

3.

nt driven report)

user/access management
agement function used for setting up, modifying, deleting users (administrativel]y),

mal
asy

Not

cor
IEC
tur

Not

cor
SYS

NO]

igning access rights (administratively) and monitoring access

e 1 to entry: A management function does not necessarily include communication services.

3.410
wind power plant

in

hplete system consisting of any number of technical 'subsystems referred to
61400-25 (all parts) as wind power plant components, for example one or more wind
bines

e 1 to entry: The main objective of a wind power plant is tosgenerate electrical energy from the wind.

3 411
wind power plant analogue information

3.

tinuous information concerning the actwal condition or behaviour of a component| or
tem
'E EXAMPLE Measured value, processed value, three phase value, setpoint, parameter.

wind power plant component

technical system employedin the operation of wind power plants, such as wind turbipe,

me

colj

cor
de

eorological, electrical and wind power plant management system

3 413
wind power plant-management system

hponent of<aswind power plant, which is responsible for ensuring that the complete sysfem
adapts itsetf\to the static and dynamic conditions and requirements of the electrical po

nection.(i.e., interoperation of the WTs with substation and other power network rela
ices)

ver
fed

Note 1 to entry: A wind power plant management system may include other functions (e.g. Shadow control
functionality, noise or sound reduction, ice warning, lightning protection) not modelled in IEC 61400-25 (all parts).

3.4

4

wind turbine

ma

Note 1 to entry:

in component of a wind power plant

location that converts kinetic wind energy into electric energy.

It is responsible for generating energy and meets the task of using the wind potential of a certain
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4 Abbreviated terms

ACSI abstract communication service interface-{definred-e-g—n1EC61850-7-2)

CcDC common data class

CMS condition monitoring system
DC data class

DNP3 distributed network protocol version 3
IED intelligent electronic device
IE information exchange model
LGB log control block

LO logical device

LN logical node

Oo&M operation and maintenance
(OF] open systems interconnection
RCB report control block

SCADA supervisory control and data acquisition

S¢SM specific communication service mapping-{defined-e g—intEC 61850-8-1)

WPP wind power plant
wir wind turbine
XML extensible mark-up language

5 | Overall description of IEC 61400-25 (all parts)

5.1 General

The¢ main objective of IEC 61400-25 (all parts) is to create a standard basis for manufactufer-
independent communications for monitoring and control. Manufacturers and suppliers of wjind
power plant components shall*“implement IEC 61400-25 (all parts) in their devices and
sydtems.

Clduse 5 provides a general overview of the context, models, modelling approach, and
application possibilitiesiof IEC 61400-25 (all parts).

Subclause 5.2 provides a top-down view on wind power plants and shows the areas whgre
IEQ 61400-25)(all parts) can be applied. It explains what is to be understood under the tgrm
‘wind poweriplant’, which operation concepts are distinguished and which components are
used to_run-wind power plants.

Sul ation taking place
within the framework of the monitoring and control of wind power plants. It explains which
general communication capabilities wind power plants shall possess and which contents and
functions are required for communication.

Subclause 5.4 provides an overview of the communication model defined by
IEC 61400-25 (all parts). The server-client communication environment that served as the
basis when developing IEC 61400-25 (all parts) is introduced briefly. Next, three server-client
application topologies are introduced, illustrating the communication architectures that are
possible by way of an example. Finally, the three areas defined by IEC 61400-25 (all parts) to
be implemented as the standard for the monitoring and control of wind power plants will be
introduced on a generally understandable level.
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5.2 Top-down view on wind power plants
5.21 Definition of wind power plants
Wind power plants constitute complete systems consisting of any number of technical

subsystems with clearly separated tasks. The subsystems are referred to—in—thefurther
discourse as wind power plant components and will be described in 5.2.2.

5.2.2 Wind power plant components

ts They conS|st of various sub- componentswh%h—mﬂ—net—be—d#ﬁe;eﬂhated—%the
follpwing. All wind power plant components fall within the application area of IEC\614DO0-
25|(all parts).

The information modelled in IEC 61400-25 (all parts) covers the followingiycorresponding
components:

Wind turbine

— [rotor,

— |transmission,
— |generator,

— |converter,

— |nacelle,

— |yaw system,
— |tower,

— |alarm system.
Meteorological system

— |meteorological conditions of the wind power plant.

=

ind power plant management;system
— |wind power plant control.

E

gctrical system
— |wind power_plant grid connection.
Copndition monitoring system (CMS)

— |protess with the purpose of observing components or structures of a wind turbine or wjnd
power plant for a period of time.

The wind turbine (with its many sub-components) is the main component of a wind power
plant. The wind turbine is responsible for generating energy and meets the task of using the
wind potential of a certain location to convert wind into electrical energy.

Vendors of wind turbines usually guarantee their customers a certain power curve and
technical availability in terms of energy production. To enable both the operators and owners
to verify the guaranteed performance of the wind turbines used, well-founded data providing
information on the wind conditions at the particular location shall be available.

According—to—the—standard EC 61400-12-1; A separate wind power plant component, the
reference met mast, referred to-inthefurther-discourse as a meteorological system, should be

used for the measuring of the wind conditions, for example the wind speed, at a particular
location. The meteorological system supplies the data that may be required to correlate the
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produced power output of individual wind turbines to the useable wind potential. On this basis,
it is possible to draw well-founded conclusions as to the real performance of a certain wind
turbine.

In addition to several wind turbines, integrated operation requires further components; the
energy produced in decentralized feeder and/or substations shall be collected and transported
to the final user via suitable power networks. This task is covered by the electrical system.

NOTE All electrical system issues concerning substations are targeted in the scope of IEC 61850 (all parts).

Anethe omMPo " ver—prattmranacemen Systert—enstutres—tha re—compiete
sydtem adapts itself to the static and dynamic conditions and requirements of the eleetrical
power connection (substation, utility network).

5.3 Generic requirements on communication

5.3.1 Communication capability

Wind power plants are monitored and controlled by various external actors, such as local or
remote SCADA systems, local real time build-in control systems, energy dispatch centres.

The¢ objective of the monitoring of wind power plants is to provide the actors with informafion
on [the complete system and the installed components. This\information is deemed to be|an
important knowledge basis for the control of wind poweriplants. For example, a SCADA
syqtem which wants to stop the operation of a certain wind turbine in an integrated operatipn,
shgll know how this component can be identified within the complete system and in which
stafus it is currently operating. The SCADA systemSshall, however, also know to which deice
within the integrated operation it shall send whichicommands to make sure that the relevant
component is controlled as intended. To be able'to check whether or not the command has
beg¢n executed, the SCADA system additionally requires a feedback from the wind poyver
plapt.

Thys, wind power plants and external‘@ctors shall meet an essential prerequisite to be ablg to
exg¢hange information within the framework of monitoring and control: they shall be ablg to
communicate with the outside world.

Typically, any wind power plant component, which needs to exchange information with other
components and actors,’ is therefore equipped with a so-called intelligent electronic deice
(IEP), which can send-data to external receivers and receive data from external senders| A
wind turbine usually.possesses a wind turbine controller, which is primarily responsible for the
internal monitoring-and control of the wind power plant component, but also allows extennal
mojnitoring andicontrol.

5.3.2 Communication content

Infprmation is the content of the communication that takes place within the framework| of
monitoring and control. The basicC elemenis are raw data from the wind power plant
component, which shall be processed into specified information according to
IEC 61400-25 (all parts). There are five types of information that can be differentiated and are
important for the monitoring and control of wind power plants:

— process information,

— statistical information,
— historical information,
— control information,

— descriptive information.

Process, statistical and historical information provide the contents required for the monitoring
and control of wind power plants; this information shall be communicated by the wind power


https://iecnorm.com/api/?name=c4878e0a9fe8b91b1e2ce6432ff8b834

IEC 61400-25-1:2017 RLV © IEC 2017 -19 -

pla

nts. Process information provides information on the behaviour of certain compl

ete

systems and their components, on their current states. Statistical information is often useful to
evaluate the operation of a wind power plant. By using historical information, it might be
possible to track the operational trends in logs and reports.

Control information is intended to transmit the contents required for the control of wind power
plants, such as access profiles, set points, parameters and commands; this information shall
first be communicated to wind power plants by certain actors. Wind power plants shall store
control information and provide this for further communication to sub-processes.

Degcriptive information is the type and the accuracy of the information, as well as theti

an

5.3,

Th
fun
Th

WH
fun
Spé

Op

win
fun

Ta

the data description.

3 Communication functions

b actors communication for monitoring and controlling the wind power plants require spe
ctions to configure, perform and monitor the information exchange with wind power plan
pse functions can be divided into the following two main categories:
operational functions,

management functions.

ctions are outside the scope of IEC 61400-25 (all parts\because they are implementa
cific.

erational functions (manual or automatic) are Uséd by the actors to obtain information
d power plants and to send control instru¢tions to wind power plants. The operatio
ctions include:

monitoring,

control,

data retrieval,

logging,

reporting.

ble 1 provides an overview of the ranges of application of the operational functions.

Table 1 — Operational functions

ile operational functions are within the scope of IEC 61400-25 (all parts), the managemt[snt

me

cial
ts.

jon

on
hal

Operational functions Range of application (practical use)

Manitoring Operational function used for local or remote observation of a system or a
process for any changes which may occur over time. The term can also be
used for observation of the behaviour of a data value or a group of data valups.

Control Changing and modifying, intervening, switching, controlling, parameterization,
optimizing of wind power plants.

Data retrieval Collecting of wind power plant data.

Logging Logging is a function intended for sequential recording of data and events in
chronological order. The result of the logging is a log.

Reporting The reporting is a function intended to transfer data from a server to a client,
initiated by a server application process.
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Management functions are required for the higher-level management of the information
exchange. They are used by actors to secure integrity of the monitoring and control process.
The management functions included are as follows:

user/access management,

time synchronization,

diagnostics (self-monitoring),

system setup.

Table2 provides an overview of the ranqges of apnlication of the management functions
T 7 L ) 7

Table 2 — Management functions

Management functions Range of application (practical use)
Usgr/access management Setting up, modifying, deleting users (administratively), assigning access|
rights (administratively), monitoring access
Time synchronization Synchronization of devices within a communication|system.
Diggnostics (self-monitoring) This function is used to set up and provide for-self-monitoring of the
communication system.
Syptem setup functions Defining how the information exchange will take place; setting, changing

and receiving (retrieval) of system setup data.

NJTE Time synchronization is covered in IEC 61400-25-4.

S.j Communication model of IEC 61400-25 (all parts)
1

5.4, General

IEQ 61400-25 (all parts) defines a communication model for the monitoring and control| of
winld power plants, taking into account all requirements made with reference to the
communication, on an abstract leveh“The communication model comprises three separafely
deflined areas:

— |information model,
— |information exchange model,

— |mapping of the information model and the information exchange model to standprd
communication profiles.

The communication model is embedded in an abstract environment where two entities may
corpmunicate’via a common communication channel. These two entities are referred to-infhe
furfher-dis€oprse as server and client (see Figure 1). The server assumes the role of|an
information*and service provider supplying the client with the contents and functions requifed
for|the, eemmunication. The client assumes the role of a user who possesses certain rightg to
use and manage the server.

IEC 61400-25 (all parts) leaves it open how and in which physical device the server is to be
implemented in practice. The objective of IEC 61400-25 (all parts) is that the information
associated with a single wind power plant component (such as the wind turbine) is accessible
through a corresponding logical device. Also, IEC 61400-25 (all parts) does not specify how
objects in the wind power plant information model are distributed among the servers.

5.4.2 Information model

The wind power plant information model (see Figure 2) provides the contents required for the
information exchange that takes place within the framework of the monitoring and control
between client and server.
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Server

Information exchange
model (get, set, report,
log, control, etc. )

Information and defined in Fo=======77"°
services |IEC 61400-25-3 Wind power
according to the plant

IEC 61400-25 I

e.g. wind turbine

series Information - r

Wind powm

information model
rotor speed, brake -7 -~

.

status, total power ~~~ —]

1
1
1
1
| component
1
1
1
1
1
1

production, etc.)

defined in N
|IEC 61400-25-2 and TR
IEC 61400-25-6 I

Output data

IEC

Figure 2 — Data processing by the server(¢onceptual)

prgcess all data, which is provided by wind power plants for the external monitoring

co
ac

WH

ha

The model is deemed to be a standard frame of interpretation via which the server r{ay

gess to these data in a component-oriented view:

¢ been taken into account. This appreach allows wind power plants to be viewed

information objects and modelling of an-appropriate information architecture.

IEQ

co
Cco
va

ge

mponents of a wind powek plant to communicate with. This means that all of

Illes, binary status, commands and set points and these objects and data are mapped i
meric, logical representations of the real world components as a wind power pl

information model.

Brgaking a real.world component down into objects to produce a model of that object invol

ide

an
up

{a simple or complex type (a class) and represents data in the device to be read
ated:

nd

ntrol, into relevant and semantically standardized information, and may grant the client

en developing the wind power plant infarmation model, the paradigm of object orientatjon

as

61400-25 (all parts) utilizes the concept of object modelling to represent the systems and

the

mponents in the real world’ are identified as objects that have data such as analogue

hto
Ant

es

tifying all/of the data and functionality of each component object. Each data has a name

or

Instead—of deating—with—tists of mumbered—quantitres;,amobject=modettingapproach—tets
organize and define standard names for standard things, independent of the manufacturer of
the equipment. If the equipment has a shaft for which the rotational speed is available for
reading, it has the same name regardless of the vendor of that equipment and can be read by

an

y client programme that knows the information model.

us

In addition to reading and updating process information, other functionalities of the device
may include things such as historical logs of information, report by exception capabilities, and
actions within the device that are initiated by internal or external command and control inputs.
All of these items imply some type of information exchange between the outside world and the
real world device represented by the wind power plant information model.

Clause 6 describes in more detail the logical structure of the wind power plant information
model and the method by which wind power plants shall be modelled as information objects.
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5.4.3 Information exchange model and relation to wind power plant information
models

The information exchange mechanisms rely on standardized wind power information models.
These information models and the modelling methods are the core of IEC 61400-25 (all
parts). IEC 61400-25 (all parts) uses the approach to model the information found in real
components as depicted in the conceptual overview in Figure 3. All information made
available to be exchanged with other components is defined in IEC 61400-25 (all parts). The
model provides for the wind power plant automation system an image of the real world (power
system process, generator, etc.).

IEC 61400-25-3
Services

TCP/IP
Network

IEC 61400-25-4
Mapping to
protocol stack Real
component in
wind turbine

/ Logical device (LD)
k /_ Virtualization

(Virtual world)

,,,,,,

»»»»»»»»

Hides/encapsulates real world

IEC 61400-25-2 IEC 61400-25-2

logical node (LN) data object (DO)

(Rotor) (Rotor speed)

IEC

Figure 3-=Modelling approach (conceptual)

IEQ 61400-25 (all parts) defines the information and information exchange in a way thaf is
independent of a concrete implementation (i.e., it uses abstract models). IEC 61400-25 |all
paits) also uses the eancept of virtualization. Virtualization provides a view of those aspegcts
of p real device that)are of interest for the information exchange with other devices. Qnly
those details that’ are required to provide interoperability of devices are defined| in
IEG 61400-25. (all parts).

The¢ appreach of IEC 61400-25 (all parts) is to decompose the-funections components into fthe
smpllest Jentities, which are used to exchange information. The granularity is given by a
regsonable distributed allocation of these entities to dedicated devices (IEDs). These entifies
are called logical nodes (e.g. a virtual representation of a rotor class, wiih the standardized
class name WROT). The logical nodes are modelled and defined from the conceptual
application point of view. Logical nodes are collected in a logical device representing for
example a complete wind turbine.

Real components on the right hand side of Figure 3 are modelled into a virtual model in the
middle of the figure. The logical nodes correspond to functions in the real physical devices. In
this example, the logical node WROT represents a specific rotor of the turbine to the right.

Based on their functionality, a logical node contains a list of data (e.g. rotor speed) with
dedicated information. The data have a structure and a well-defined semantic (meaning in the
context of wind power plant systems). The information represented by the data is exchanged
by the services according to the information exchange services defined.
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The logical nodes and the data contained are crucial for the information model and the
information exchange services for wind turbines to reach interoperability.

The logical nodes and the data contained are configured by the control information, for
example parameters, commands to be accepted, set point ranges.

5.4.4 Mapping to communication profile

The information exchange between server and client requires a uniform communication
protocol on both sides. A specific mapping to a communication profile defines how the objects
in wi W ] ] uncti Vi i i the
information exchange model are implemented using a specific protocol stack, i.e. a complete
communication protocol. IEC 61400-25-4 specifies in detail the communication {rotodols
lied in IEC 61400-25 (all parts).

The mapping to protocol stacks specified in IEC 61400-25-4 is oriented -ifv its structure
towards the OSI reference model (ISO/IEC 7498-1:1994). According to the OSI referefce
model, the communication realized between client and server is divided-into seven laygrs.
WHereas layer 7, 6 and 5 are concerned with application issues (often named as the|A-
Prqfile), the lower four layers are concerned with data transport issues (often named as thg T-
Prqfile).

6 | Wind power plant information model

6.1 General

Clduse 6 provides a detailed description regarding the wind power plant information model.
Common wind power plant relevant information is defined, structured and descriljed
unambiguously from the viewpoint of object grientation.

Subclause 6.2 describes the modellingmethodology used to represent and structure relevant
information.

Information modelling methodology

.1 Wind power plant information

D
Q.
o
—
0]
+h

A wind power plant comprises different types of information. Besides source data, wind
turbine—controllers power plant components usually derive a huge amount of additional
information (10 min-averages, alarms, logs, counters, timers, etc.). This valuable information
is locally stored and available for future use or analysis. In Table 3, the relations between
different information categories are shown and their definition will be used in IEC 61400-25
(all parts).
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Table 3 — Wind power plant information categories

Category

Description

Process information

State information

Discrete information concerning the current condition or behaviour of a component or

system
Status Condition of a component or system (st1/st2/..stn)
Alarm Statement of safety intervention by, for example, the turbine control system
Event State transition (status, alarm, command)

Analogue information

Continuous information concerning the current condition or behaviour of a component
or system

Measured data

(Sampled) value of a process quantity

Processed data

Measured value, which has been processed (10 min-average/...)

Three phase data

Measured value of a three phase electric power quantity

Cqgntrol information

Control information

Discrete information concerning the current condition or behaviour of a component for

system
Command Controllable status for system behaviour (enable/disable, activate/deactivate, etc)
Set point Reference value for a process quantity
Parameter Controllable value for system behaviour (adjustment)

D¢rived information

Stattistical information

The result of applying a statistical @lgorithm to a set of data

Timing data

Total time duration of a specific state

Counting data

Total number of occurrencesof a specific event

Characteristic data

Properties of informatiemor data observed (min., max., average, standard deviatior,
etc.)

Hisforical information

Information about(the time passed

Log

Chronological.list of events for a specific period of time

Transient log

Event triggered chronological list of high resolution source information for a short
period. 6ftime

Report

Periodical notification comprising the information that represent the state and data
requested in the report control block

6.2.2 Modelling approach

Begause all the information categories as listed in Table 3 comprise their own formats

prgperties;>|EC 61400-25 (all parts) has to define a general wind power plant informatjon

moldet.\Lhe structure of this top-down view model is hierarchical and based on the modelling
approach as defined in IEC 61850-7-1:2011, Clause 6 i

series) where the basis is described in |IEC 61850-7-2:2003 2010, Clause 5. Hierarchical
means that different levels of common information are distinguished and grouped together
into classes. Lower level classes will automatically inherit properties as specified by upper
level classes. The structure of the wind power plant information model is concisely given in
Figure 4. Each level will be discussed separately in more detail.
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Figure 4 — Structure of wind power plant information model
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The highest level of modeling within a physical device is called logical device (LD) and
aggregates one or more logical nodes (LN). A logical node itself aggregates one or more data
objects (DO). Data objects aggregate then again one or more data attributes (DA). The
definition, which data attributes are aggregated by a data object, is determined by a common
da f i i . ; ' httes
can be nested as given in Figure 5.

e.g. Value (mag))

Quality (e,
[ Timestamp-(t)

Data Attribute

(DA)

v
e.g. Rotational " e.g. Measured
Speed (RotSpd) Value (MV)

is of type

e.g. Genereator
(WGEN)

|

Logical Node
(LN)

A

) E—
e.g. Wind
Turbine

Logical Device
(LD)
IEC

Figure 54 Role of common data classes (CDC) in
WPP information model

6.2.3 Logical devices

A derver hosts at least one logical device. IEC 61400-25 (all parts) could for example be used
to pssign a logical device to a specific wind turbine of a wind power plant. Thus a logical
deyice contains' a collection of specific logical nodes belonging to this wind turbine. The
logjcal node zero (LLNO) is destined to provide common information about the logical device
(e.g. logical device nameplate and health) and the logical node physical device (LPHD)
regresents common data of the physical device that is hosting the logical device (e.g. physical
device'nameplate and health).

6.2.4 Logical nodes

Within a logical device, all wind turbine information will be distributed in different 'containers’,
called logical nodes. In IEC 61400-25 (all parts) a set of specific logical node classes for wind
power plants have been specified (IEC 61400-25-2), some of these shall be mandatory
(indicated with an ‘M’ in tables) and others optional (indicated with an ‘O’ in tables). The basic
rules for the use of logical nodes and data-classes objects and their extensions are defined in
Anrnex-A-of IEC 61850-7-4-and Clause 14 of 61850-7-1:2011. The specific LNs are originated
by a physical turbine break down into—funectional—systems components (e.g. rotor,
transmission, generator, yaw system), but collections of common information can also be
represented in a specific LN (e.g. alarm log, event log). The names of wind power plant
specific logical nodes shall be unique and always begin with 'W', followed by three capitals
representing the content.
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The logical node data is represented by named attributes that can have simple or complex
types (a 32 bit integer or a complex structure variable made up of a collection of named

simple and complex component types)—Ln—the—ﬂ#st—gene#ahen—ei—Mﬂd—pewer—plam

spaee—w%h—a#—dafea—hawng—ﬂnre—same—typ& In th|s model thIS data |s named and has whatever

types are appropriate to represent the underlying data. The specific internal organization and
implementation of the data storage and management scheme are independent of the outside
world view.

Inside a LN, information is specified by data—classes objects. All logical nodes have a
standaﬁzed—mﬁ—smﬂmﬂammm—aﬁhm—mﬂﬁeﬂheﬂwrmsem—and
vispalizes the different data-class-atiributes objects in a logical node.

Table 4 — General table structure of a logical node (LN)

NI
Wxxx class k‘(l/
Akribule Akribuie Explanation M/Q
D4ta Object Name Yt
Common
Data Class
Data Objects
Cofnmon information
Dafa Object class CDC Description and range
nare
Staffus information
Dafa Object class CDC Description and rangé

name

AndtogueInformation Measured and metered values

Dafa Object class CDC Descriptiorrand range
name

Cofftrot-Fatermation Controls

Dafa Object class CDC Description and range
narhe

For the sake of convenience, all information in a logical node is categorized in compliapce
with the wind power plant information decomposition of Table 3.

In Table 5 allydata class attributes inside a logical node are explained briefly.

Table 5 — Data class attributes in a logical node

Data class attribute Description

Attribute Data Object Name |Name of the data-elass object

AttributeType Common Common data class that defines common data properties. The CDCs are defined in
Data Class IEC 61400-25-3

Explanation Short explanation of the content of the data class

Mandate M: Mandatory, O: Optional

If an optional logical node is used, its mandatory (M) data class attributes shall also be used.
Optional (O) defined data class attributes are instantiated as needed by the user.
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7 Wind power plant information exchange model

7.1 General
Clause 7 provides an overview of the information exchange models that can be applied by a

client and a server to access the content and structure of the wind power plant information
model defined in Clause 6.

7.2 Information exchange modelling methodology

in
of
'he

IEN! defines a server that provides:

— |an instance of the wind power plant information model, and

— |required functions including the associated services (Get, Set, €ontrol, Query, Repprt,
etc.) which enable a client to access the instantiated information model.

IEG 61400-25 (all parts) defines the server role only. A client issues service requests to the
selver, by sending request messages, and receives response messages or reports from fhe
server.

A sgerver provides access to its wind power plant_iaformation model instance for multiple
clignts, as illustrated in Figure 6. Each client can, jndependently of other clients, communicgte
with the server.

Physical device A Rhysical device B
oottt I [ 1
! ) ' ' Server '
i Client 1 ! role '
i role i g I
| ] 1 :
T, ) | ' Data |,
i G i 1 ! |
' Server | | Data i _ _
: fole : ! : Physical device C
: : : ___________ ! T 1
' ! R | ! Server .
1
Othef” = Data . 1 Client |_ O role i
clients ' | "1 role | i !
1 1 1 1 1 |
1 e m 1
T ! ! Data |
1 1
I 1
! |
1

Other clients <+ ™

Figure 6 — Client and server role

As shown in Figure 6, physical devices may implement the client, the server role, or both
roles.

The client plays the complementary role of the server with regard to the services.

NOTE IEC 61400-25 (all parts) does not define any application program interface — neither in the server nor in the
client. It defines the externally visible view of the information contained in the server and how this information can
be sent and received.
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7.2.2 Service models

The wind power plant information model in the server supports the access services as
depicted in Figure 7.

f 1)
1 1
I | Control, Get/Set >_ !
1 T 1
L
’ e Rata ] o
___::-\- P | p——
1 Control response + P
L] ‘P » g |
1 4 L to process 1
1 £ %
1 ’ 1 L
- 4 H #
" ',.l‘ -------- l: = -
4 L}
; 4
¥ Server H [
Management a
W I 1)
™ L 3}
R Descriptive | 2
ioti -t . o
<Browse self description |- % “linformation
LY
L. ]
g mmmmmmmmm—m oo —--- Tof-———mm—— sl -
i A 1
1 * 1
o . -t 3
: Reporting/logging  |[#~= [} |
I Input I
1 Get/Set responses  [*=q===== ———f=== P 1
1 from process
1 1
1 T

IEC
Figure 7 — IEM service models

The¢ focus of the server is to provide data  that make up the wind power plant informatjion
model. The data attributes contain thewvalues used for the information exchange. The IEM
pragvides services for:

— |control of external operational‘devices or internal device functions,

— |monitoring of both process and processed data, and

— |management of devices.as well as retrieving the wind power plant information model.
The¢ wind power plant* information model data instances contained in the server can |be

acgessed by the/sservices Get, Set, Control for immediate action (return information, set
vallies to data, control device or function).

Reporting.land logging provide the means to autonomously and spontaneously s¢nd
information” from the server to the client issued by a server-internal event (reporting) o1 to
storecthis information in the server for later retrieval (logging).

7.2.3 Abstract communication service interface

The set of basic services that the communications interface uses to accomplish the
information exchange between the outside world and various components of the real world
device are referred to as the abstract communication service interface (ACSI). The basic
methodology of these services is described in detail in IEC 61850-7-1 and IEC 61850-7-2.
Table 6 of IEC 61850-7-1:2011 describes the ACSI models and services. The following
describes the services in the specific wind power plant context.

Figure 8 graphically illustrates the various components of the ACSI models. This figure is
used to provide a narrative description of how a typical device interacts with the outside world
using these services.
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Logical Device

Get/Set >| Nameplate, health

Logical Node

Logical Node

Get/Set

Control

Data values

Subscribe

Report L
(value on change, |’
event, periodic)

N

o0
waasiinensst

DOV

Authorization

Time synchronization

A physical device with -a communications interface is represented as a server. It hags
communication network address and is accessible over a network by an external client. T
senver can accept( a’ connection from one or more external clients, authenticate t
connection, and, support services to provide information to the client. This server contains ¢
or more logical.devices, which contains one or more logical nodes that represent the bgsi
building blo¢Ks (objects) that represent various functionalities of the logical device. T
logjcal node-contains data that can be written to or read individually and in groups (data se
responds\to control inputs, provides solicited and unsolicited reports, and contains logs

interface.

Get/Set and Control services are provided to read (get) and write (set) the data in the logical
node. Analogue information and status information are normally read only. Control and
configuration information are generally read and write. Services are provided to facilitate

<+ ———- Reference < > Bidiregtional information exchange
e Data flow |:> Unidirectional information exchange

Figure 8 — Conceptual information exchange model
for a wind power plant

concepts such as select before operate for control applications.

In addition to individually named data, collections of data (a Data Set) can be defined and
given a name. Services are provided to create, delete and list Data Sets, and to get and set
values of Data Sets. This arbitrary grouping capability lets client applications define
collections of data attributes that are commonly needed and retrieve them with a single get

operation using a single name.
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Data Sets are the key to two information exchange mechanisms in a logical node — reporting
and logging. Most physical devices have some kind of internal logging mechanism. These
logs may contain periodic recordings of data values, recordings of data values when the value
changed by some amount, exceeded a threshold, or some other triggering mechanism.
Similarly, physical devices often have the means to send some kind of report directly to a
subscribed client under circumstances similar to those just described for logging. In the ACSI
models, the information that gets reported or logged is represented by a Data Set. This
approach permits specifying the rules for logging and reporting to be defined in a more
compact and efficient fashion.

ort
control block (RCB) respectively. Each log has an associated LCB and each report has|an
asgociated RCB that defines the rules for what goes into the logs and reports. These rllles
defermine which Data Set(s) are to be included and under what conditions. This approach
prgvides a very powerful and flexible means of logging and reporting information.

Logs are often a very important aspect of a physical device. The generation of these logs may
be [the core function of the physical device (a condition monitoring device,for example) or may
be |utilized for diagnostic information. Logs are time ordered collections '6f data grouped into
defined Data Sets. Services are provided to permit an external clientto retrieve informafion
from the log either in whole or in part. This is accomplished by providing the means to query
thel log with filters that specify a time range of interest and which named attributes are to|be
retrieved.

Sefvices are also provided to permit a client to subscribé)to reports that have been defined in
thel device. These reports can be buffered so that if communications are temporafrily
disfupted, all of the reports are still sent tothe client when communications are |re-
established.

Thils overview illustrates the core informatiofexchange capabilities of a physical device usfng
thel ACSI approach. For more detailed description of the ACSI, refer to IEC 61850-7-1 and
IEG 61850-7-2.

7.2.4 Service modelling convention
The services are generally defined by:
— |a set of rules for, the definition of messages so that receivers can unambiguodsly

understand messages sent from a peer,

— |the service requgest parameters as well as results and errors that may be returned to the
service callery. and

— |an agreedzon action to be executed by the service (which may or may not have an impjact
on proeess).

Thils basic concept of the IEM is depicted in Figure 9.
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Figure 9 — IEM service model with examples

services are based on three message primitives: request, positive response and negafive
ponse. The request primitive is used by the glient to issue a service call to the server and
response primitives allow the server to returnrinformation to the client. A positive response
itive indicates that the service agreed-on action was or will be executed wherea$ a
ative response indicates the action failed to execute or will not be executed. A message
itive may have a number of parametérs, called results and errors in case of respofse
itives.

Ch specific service is defined by’one or more service tables that summarize the parametgrs

Table 6 — Service table

Parameter name

Request

Parameter 1...

Parameter n

Response+

Parameter T...

Parameter n

Response-

Parameter 1...

Parameter n

NOTE 1 The service tables of the services defined in IEC 61400-25-3 do not show all parameters required in
concrete interface implementations; for example, the parameter ‘association’ or ‘retransmission time’ are not
depicted in the service tables. These tables are abstract — local issues and concrete protocol issues are not shown.
These specific issues are not required to understand the semantic and behaviour of the service.
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Each parameter and the effect this parameter has on the processing of the service are
abstractly described in this document.

The sequences of the request/response primitives (messages) for the services are depicted in

Figure 10.
Client server
Service_req Successful
Ao otk tlraculic) service Ca”
Service—rsp+{resuits)
Service req Successful
service call
Service rsp+ (results, errors) (with errors)
Service _req Unsucces$sfil
) service call
Service _rsp- (errors)

IEC

Figure 10 — Sequence diagram

Th¢ messages operate on the (attributes of) informatioh objects. There are two kinds

cla

1)

2)

Thi

NO
Cor

Thi
as

5ses that can be instantiated to objects:

of

The wind power plant information model classes such as logical devices, logical nodgs,

data objects, and data attributes as defined in Clause 6 (mainly representing proc
data, e.g. ‘rotor speed’ or ‘stop wind turbine’), and

ESS

Various (common) control blocks, for\example, for reporting and logging. The reportiing

control block may, for example, be-accessed to start or stop reporting values by settin
specific attribute.

e messages described in this ¢lause are conceptual — to understand the IEM.

[E 2 The concrete messagessmay can be defined by some well known notation, for example, tables or X
crete messages can be found’in the mappings to specific application layer protocols (see IEC 61400-25-4).

in the case of the service ‘Get’, or more complex, as in the case of controlling

behaviour of a_real physical device. The later case requires precise description of how

cor
dis
chg
(of

trol acts,{or example, the server could immediately invoke the process control system
ribute .the necessary internal commands to stop the wind turbine or it may first have
ck if-another client is operating the wind turbine, thus requiring the use of a semaph
en’ called Select-before-Operate).

J a

ML.

e agreed-on actignyor actions to be processed on the receipt of a message may be simple,

the
the
to
to
bre

The dynamical behaviour of the reporting and logging models is controlled by common control
blocks. The actions of a certain control block object are described by multiple attributes like
number of entries/array-elements, which values to be reported or logged, period of periodic
reporting/logging, or events to buffer in case the communication link is down. The dynamic
behaviour is also influenced by the nature of the buffer, for example, circular buffer that
wraps.

Actions usually produce results that have to be transmitted back to the client. In case of error
occurrence, error messages are sent back. The actions are usually defined by various
attributes, formal state machines and plain text.
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8 Mapping to communication protocols

8.1 General

The specific communication service mapping (SCSM) defines how the services and the
models (server, logical devices, logical nodes, data objects, data sets, report controls, log
controls, setting groups, etc.) are mapped to specific communication stacks, i.e. to a complete
profile. The mappings and the used application layer define the syntax (concrete encoding) for
the data exchanged over the network.

NO] € concept o rom communication stacks Inclugling
application protocols.

Acg¢ording to Figure 11, the SCSM maps the abstract communication services, objécts
pallameters to the specific application layers. These application layers provide the concrete
coding. Depending on the technology of the communication network, these~mappings
haye different complexities, and some ACSI services may not be supported’in” all mappi
buff where a service is provided in a mapping, that service shall be equivalent in its mean|
to the same service in the benchmark mapping. An application layer may use one or mpre
stacks (layers 1 to 6).

EXAMPLE The mapping of the service ‘GetDataSetValues’ (reading many values in one chunk)-may can have
diff¢rent mappings for AL1 to ALn. For example, a specific AL-may can support this service directly while anofher
AL pupports Get of single values or many values of the same type only., ln/this case, the mapping-has—te-igsue
issyes several Gets.

Application
process

Network independent interface
(ACSI, Abstract Communication Service Interface)

A

SCSM 1 SCSM 2 SCSMn Specific interface

Application layer

A

Layer 1..6

IEC

Figure 11 — ACSI mapping to communication stacks/profiles

8.2 Architecture of the mappings

Multiple mappings may be supported by IEC 61400-25 (all parts). The conceptual architecture
of the mappings is shown in Figure 12.
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Figure 12 — Commuhnication profiles
The¢ information models and the information exchange models need to be mapped]| to
apIropriate protocols. Mapping requirements are defined in IEC 61400-25-4. The protodols
TC

link

8.3

Mapping of the wind, power plant information model

P and IP shall be the basic lower dayer protocols provided by all mappings. Specific data
and physical layers are beyond-the scope of IEC 61400-25 (all parts).

The¢ mapping of the wind, pewer plant information models to a hierarchical structure as defijed

in

IEQ

Clause 6 and Clause'7 of IEC 61400-25-2:2015, shall be applied for all SCSMs| of |
61400-25 (all parts).
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND ENERGY GENERATION SYSTEMS -

Part 25-1: Communications for monitoring and control of
wind power plants — Overall description of principles and models

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
bl national electrotechnical committees (IEC National Committees). The object of IEC.'is 'to pron]
nternational co-operation on all questions concerning standardization in the electrical and electronic fields
his end and in addition to other activities, IEC publishes International Standards, Technical Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter ,referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natignal Committee intere
n the subject dealt with may participate in this preparatory work. International, . governmental and 1
jovernmental organizations liaising with the IEC also participate in this prepatation. IEC collaborates clo
ith the International Organization for Standardization (ISO) in accordance\ with conditions determined
hgreement between the two organizations.

The formal decisions or agreements of IEC on technical matters expresss-as-nearly as possible, an internati
Consensus of opinion on the relevant subjects since each technical '‘committee has representation from
nterested IEC National Committees.

EC Publications have the form of recommendations for internatignal use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts are miade to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for
Mmisinterpretation by any end user.

n order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publicat
ransparently to the maximum extent possible in their national and regional publications. Any diverg¢g
between any IEC Publication and the corresponding;national or regional publication shall be clearly indicate
he latter.

EC itself does not provide any attestation.@f*conformity. Independent certification bodies provide confor
bssessment services and, in some areas,@@ccess to IEC marks of conformity. IEC is not responsible for
Eervices carried out by independent certification bodies.

All users should ensure that they have-the latest edition of this publication.

No liability shall attach to IEC-.of its directors, employees, servants or agents including individual experts
members of its technical committees and IEC National Committees for any personal injury, property damag
bther damage of any nature-whatsoever, whether direct or indirect, or for costs (including legal fees)
bxpenses arising out of, the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

ndispensable for the correct application of this publication.

Attention isdrawn to the possibility that some of the elements of this IEC Publication may be the subjed
batent rights.\[EC shall not be held responsible for identifying any or all such patent rights.
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Attention is drawn"to~the Normative references cited in this publication. Use of the referenced publicationfs is

t of

38:

This second edition cancels and replaces the first edition published in 2006. This edition
constitutes a technical revision.

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

a)

b)

general harmonization of text and overview models with the other parts of the

IEC 61400-25 series,
harmonization of definitions in other related standards.
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The text of this International Standard is based on the following documents:

CDV Report on voting
88/587/CDV 88/622/RVC

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

the
Thi

Thi
Sy

Al
Wi

Thi
seeq

Att
IEQ
iss

report on voting indicated in the above table.

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

tems.

nd energy generation systems can be found on the IEC website.

http://www.use61400-25.com.

ached to the release of the IEC 61400-25 standard series-and in addition to the stand
maintenance process, a specific maintenance process-is set up to handle techn
les raised after publication. Here are the main principles:

Technical issues (called TISSUES) are collected_from the release of the new documen
cooperation with the user group for the IEC 61400425 standard series USE61400-25.
The collected TISSUES can be categorized inxtwo groups:

— TISSUES that can threaten interoperability between implementations of the stand
and that need either corrections or:¢larifications (“IntOp” TISSUES),

— TISSUES that propose new featlres that will be implemented in future versions of
standard (“next edition” TISSUES).

process handled by the usek-group for the IEC 61400-25 standard series together with
editors of the IEC 61400-25 standard series.

and impact on implementation and certification are accessible through the USE61400
web site http://www.use61400-25.com.

have reaChed the “green” status. The list of TISSUES which are implemented in
intelligent electronic device (IED) should be transparently stated by its manufacturer.

e title of TC 88 was changed in 2015 from Wind turbines to Wind energy geherafion

st of all parts in the IEC 61400 series, published under the general titles Wind“turbines and

e users of IEC 61400-25 have formed a community, USE61400-25~For further information

ard
cal

ard

the

IntOp TISSUES require immediate clarification and are following a transparent fixjing

the

The detailed specification of this process, the list of TISSUES, associated fix, their status

125

IEC recommends implementing the proposed fixes to IntOp TISSUES, as soon as they

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicat¢s
that it contains colours which are considered to be useful for the\ corrept
understanding of its contents. Users should therefore print this document using|a
caolour printer.
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INTRODUCTION

IEC 61400-25 (all parts) is intended for vendors (manufacturers, suppliers), operators,
owners, planners, and designers of wind power plants as well as system integrators and utility
companies operating in the wind energy market. IEC 61400-25 (all parts) is intended to be
accepted and to be used world-wide as the international standard for communications in the
domain of wind power plants.

IEC 61400-25 (all parts) has been developed in order to provide a uniform communications
basis for the monitoring and control of wind power plants. It defines wind power plant specific
information, the mechanisms for information exchange and the mapping to communicatjon
prgtocols. In this regard, IEC 61400-25 (all parts) defines details required to exchange' the
available information with wind power plant components in a manufacturer-independgent
enyironment. This is done by definitions made in this part of IEC 61400-25 or by,referencq to
other standards.

The¢ wind power plant specific information describes the crucial and cemmon process 4nd
configuration information. The information is hierarchically structured and,covers for examjple
common information found in the rotor, generator, converter, grid connection and the like. The
information may be simple data (including timestamp and quality) and configuration valueq or
more comprehensive attributes and descriptive information, for ‘example engineering upit,
scgle, description, reference, statistical or historical information. All information of a wjnd
power plant defined in IEC 61400-25 (all parts) is name tagged. A concise meaning of each
dafla is given. The standardized wind power plant information can be extended by means gf a
name space extension rule. All data, attributes and descriptive information can be exchanged
by corresponding services.

The implementation of IEC 61400-25 (all parts)zallows SCADA systems (supervisory confrol
ang data acquisition) to communicate with.“wind turbines from multiple vendors. The
standardized self-description (contained_.either in an XML file or retrieved online from a
deyice) can be used to configure SCADA applications. Standardization of SCADA applicatipns
arg excluded in IEC 61400-25 (all parts) but standardized common wind turbine informafion
prgvides means for re-use of applications and operator screens for wind turbines from
different vendors. From a utility(perspective, unified definitions of common data minimlize
conversion and re-calculationwof data values for evaluation and comparison of all their wjnd
poyer plants.

IEQ 61400-25 (all parts), can be applied to any wind power plant operation concept, i.e. bpth

Th “'2‘: 64400 o d AT i o—eRapt+e—GoPpoeRen o . e "C:‘
communicate with other components, at any location. Object-oriented data structures can
make the engineering and handling of large amounts of information provided by wind power
plants less time-consuming and more efficient. IEC 61400-25 (all parts) supports scalability,
connectivity, and interoperability.

IEC 61400-25 (all parts) is a basis for simplifying the contracting of the roles the wind turbine
and SCADA systems have to play. The crucial part of the wind power plant information, the
information exchange methods, and the communication stacks are standardized. They build a
basis to which procurement specifications and contracts could easily refer.
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IEC 61400-25 is organized in several parts.

NO
doe

IEC 61400-25-1 offers an introductory orientation, crucial requirements, and a modelling
guide.

IEC 61400-25-2 and IEC61400-25-6 contain the description of the information model, a
uniform, component-oriented view of the wind power plant data, including extensions for
condition monitoring.

IEC 61400-25-3 describes the information exchange model. It reflects the functionality of
the server.

s . . . . . nd
information exchange model to a standard communication profile. The choice depends|on
the application and the functionality and performance needed.

IEC 61400-25-5 describes test cases for conformance testing of implementations.

[E Performance of IEC 61400-25 (all parts) implementations are application specific. IEC 61400-25 (all pgrts)
5 not guarantee a certain level of performance. This is beyond the scope of IEC 61400-25\(all parts). Howejer,

therle is no underlying limitation in the communications technology to prevent high speedapplication (millisegond

levd

| responses).
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WIND ENERGY GENERATION SYSTEMS -

Part 25-1: Communications for monitoring and control of
wind power plants — Overall description of principles and models

1 Scope

Th«L focus of IEC 61400-25 (all parts) is on the communications between wind power pILnt
components such as wind turbines and actors such as SCADA systems.</internal
communication within wind power plant components is beyond the, “'scope | of
IEG 61400-25 (all parts).

IEQ 61400-25 (all parts) is designed for a communication environment supported by a clignt-
senver model. Three areas are defined, that are modelled separately to‘ensure the scalabllity
of implementations:

1) |wind power plant information models,
2) |information exchange model, and

3) | mapping of these two models to a standard communication profile.

The wind power plant information model and thel.information exchange model, viewed
together, constitute an interface between client and server. In this conjunction, the wjnd
power plant information model serves as an inierpretation frame for accessible wind poyer
plant data. The wind power plant information model is used by the server to offer the clier]t a
uniform, component-oriented view of the wind power plant data. The information exchange
model reflects the whole active functionality’of the server. IEC 61400-25 (all parts) enablles
connectivity between a heterogeneous, combination of client and servers from differpnt
manufacturers and suppliers.

As|depicted in Figure 1, IEC 61400-25 (all parts) defines a server with the following aspects:

— |information provided by“a wind power plant component, for example, ‘wind turbine rqtor
speed’ or ‘total power production of a certain time interval’ is modelled and made availaple
for access. The_‘information modelled in IEC 61400-25 (all parts) is defined| in
IEC 61400-25-2¢@nd IEC 61400-25-6,

— |services to exchange values of the modelled information defined in IEC 61400-25-3,

— |mapping 46.-@ communication profile, providing a protocol stack to carry the exchanged
values _from the modelled information (IEC 61400-25-4).

IEQG 61400-25 (all parts) only defines how to model the information, information exchange gnd
mapping to specific communication protocols. IEC 61400-25 (all parts) excludes a definition} of
how and where to implement the communication interface, the application program interface
and implementation recommendations. However, the objective of IEC 61400-25 (all parts) is
that the information associated with a single wind power plant component (such as a wind
turbine) is accessible through a corresponding logical device.

This part of IEC 61400-25 gives an overall description of the principles and models used in
IEC 61400-25 (all parts).

NOTE IEC 61400-25 (all parts) focuses on the common, non-vendor-specific information. Those information items
that tend to vary greatly between vendor-specific implementations can for example be specified in bilateral
agreements, in user groups, or in amendments to IEC 61400-25 (all parts).
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Communication model of the IEC 61400-25 series
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The¢ following documents are referred to in theXtext in such a way that some or all of th
tent constitutes requirements of this document. For dated references, only the ediT
d applies. For undated references, the.latest edition of the referenced document (includ

cofl
citq
any

IE(

Figure 1 — Conceptual communication model of the
IEC 61400-25 series

Normative references

amendments) applies.

61400-25 (all parts), Wind turbines — Part 25: Communications for monitoring and con

of wind power plants

IEQ

61400-25-2:2015, Wind,turbines — Part 25-2: Communications for monitoring and con

of wind power plants — Information models

IEQ

61400-25-3:2015; Wind turbines — Part 25-3: Communications for monitoring and con

of wind power pilants — Information exchange models

IE(

61400425-4, Wind energy generation systems — Part 25-4: Communications for monitor

andg confrol*of wind power plants — Mapping to communication profile
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IEC 61850-7-1:2011, Communication networks and systems for power utility automation —
Part 7-1: Basic communication structure — Principles and models

IEC 61850-7-2:2010, Communication networks and systems for power utility automation —
Part 7-2: Basic information and communication structure — Abstract communication service
interface (ACSI)
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3

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

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

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

actgor

3.11
rol¢ a system plays in the context of monitoring and control, while it is not directly inviolved

wind power plant operation, such as supervisory control and data acquisition system (SCAL

Not
con

3.2

b 1 to entry: There are many other designations for example central management system, monitoring
rol system, remote control system

alajrm
winld power plant state information

sta

3.3

fement of safety intervention by the wind turbine control system (i.e. on/off)

characteristic values
praperties of analogue information (min., max., avg,dey, etc.)

3.
co
co

mand

ntrollable data for system behaviour

EXAMPLE Enable/disable, activate/deactivate:

3.
co

munication function

funiction used by an actor tel.configure, perform and monitor the information exchange v
wirld power plants

EXAMPLE Operational function, management function.

3.6

co
op

trol
rational~function used for changing and modifying, intervening, switching, controlli

panlameterization and optimizing of wind power plants

3.7

in
A)

and

ith

counting value
total number of occurrences of a specific event

3.8
data retrieval
operational function used for collecting of wind power plant data

3.9

diagnostics
management function used to set up and provide for self-monitoring of the communication
system
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0
ctrical system

set of electrical components working together as parts of a wind turbine or wind farm for
collecting and transmitting the produced electricity in a wind power plant

3.1

1

event
state transition (status, alarm, command)

3.12

intelligent electronic device

IED

any device incorporating one or more processors, with the capability to receive data from|an
external sender or to send data to an external receiver

EXAMPLE Wind turbine controller.

Notg 1 to entry: An IED may have connections as a client, or as a server, or both, with oth€r IEDs.

Notg 2 to entry: This note only applies to the French language.

3.13

information

conptent of communication

Notg 1 to entry: The basic element is raw data from the wind powe¥r_plant components, which shall be procegsed
into| specified information according to IEC 61400-25 (all parts).

Notg 2 to entry: Wind power plant information categoriés are: source information (analogue and sfate
infomation), derived information (statistical and historicakinformation). Information is defined as data (usyally
prog¢essed and derived data, and information describing ‘ether data).

3.14

information exchange

communication process between two.systems, such as wind power component and actor, With
thel goal to provide and to get relevant information

Notg 1 to entry: Information exchange requires specific communication functions, consisting of one or more
seryices.

3.15

information model

model representingyknowledge concerning functions and devices in which the functions gre
implemented

Notg 1 to enfryy This knowledge is made visible and accessible through the means of IEC 61400-25 (all pafts).
Thel model'describes in an abstract way a communication oriented representation of a real function or device.

3.1/6

log

historical information

Note 1 to entry: Log is a chronological list of source information for a period of time.

3.17

logging

operational function

Note 1 to entry: Logging is the praxis of recording sequential data, often chronologically. The result of logging is a

log.


https://iecnorm.com/api/?name=c4878e0a9fe8b91b1e2ce6432ff8b834

IEC 61400-25-1:2017 © IEC 2017 -13 -

3.1

8

logical device
entity that represents a set of typical wind power plant functions

3.1

9

management function

fun

ction required for the administration of the information exchange in a certain level

Note 1 to entry: Management functions are user/access management, time synchronization, diagnostics, and

con

3.20
mandatory
prgvided in compliance to IEC 61400-25 (all parts)

3.21
melasured data

figuration.

sampled value of a process quantity with associated data attributes such-as time stamp @nd

quality

3.

mejteorological system

component of a wind power plant responsible for the monitoring of the ambient conditions, |for
example the wind speed, wind direction, pressure, tempetature

Notg 1 to entry: It supplies data for various purposes for example to correlate the meteorological data to|the
elegtrical energy output by individual wind turbines to the potentially usable wind energy.

3.23

manitoring

opg¢rational function used for local or remete observation of a system or a process for @ny
changes which may occur over time

Notg 1 to entry: The term can also be used for observation of the behaviour of a data value or a group of data
valyes.

3.24

operational function

fun
po

Not

3.25

op

opfionadlly‘provided in compliance with IEC 61400-25 (all parts)

ction to obtain information and to send instructions for the normal daily operation of wind
ver plants

b 1 to entry:  Types of operational function are: monitoring, logging, reporting, data retrieval, control.

ional

3.2

6

parameter
controllable information intended for obtaining or correcting a system behaviour

3.2

7

processed data

me

asured value, with the associated data attributes such as time stamp and quality, which

has been processed according to the calculation method attribute

3.2

8

profile(s)
format(s) used by a particular protocol to transmit data objects or commands, etc.
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3.29
protocol stack
particular software implementation of a computer networking protocol suite

Note 1 to entry The terms are often used interchangeably. Strictly speaking, the suite is the definition of the
protocols and the stack is the software implementation of them.

3.30
report
actual information sent by the function reporting

sydtem based on a processor unit which receives information_from IEDs, determines fhe

Notg 1 to entry: SCADA is a computer system that for example dispatchers use to monitor the power distribution

Notg 2 to entry: This note only applies to the French language:

ing data
duration of a specific state

time synchronization
cogrdination of occurrences to operate in unison with respect to time

Notg \t6 entry: This process can be a premeditated arrangement set forth on a parallel time scape, or it can be
an observable coincidence in eventuality.

3.37

three phase data

measured value in a three phase electrical circuit with associated data attributes such as time
stamp, quality and calculation method

3.38

transient log

event triggered chronological list of high resolution information for a short period of time
(event driven report)
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3.3

9

user/access management

ma

nagement function used for setting up, modifying, deleting users (administrative

assigning access rights (administratively) and monitoring access

Note 1 to entry: A management function does not necessarily include communication services.

3.4

0

wind power plant
complete system consisting of any number of technical subsystems referred to in

IEC61400-25 (all parts) as wind power plant components for example one or maore wind

tur

Not

cof
syq

EX4

3 411
wind power plant analogue information

bines

e 1 to entry: The main objective of a wind power plant is to generate electrical energy from the wind.

tinuous information concerning the actual condition or behaviour of-a component
tem

MPLE Measured value, processed value, three phase value, setpoint, parameter.

3.

wind power plant component
technical system employed in the operation of wind power plants, such as wind turbi

me

colj

cor
de

Not
fun

3 413

wind power plant management system
hponent of a wind power plant, which is responsible for ensuring that the complete sysfem
adapts itself to the static and dynamic conditions and requirements of the electrical po

eorological, electrical and wind power plant management system

nection (i.e., interoperation of the WTs with substation and other power network rela
ices)

e 1 to entry: A wind power plant_management system may include other functions (e.g. Shadow coij
tionality, noise or sound reduction, ice warning, lightning protection) not modelled in IEC 61400-25 (all partg

Not
loca

3
wind turbine
majin component of awind power plant

tion that converts-kinetic wind energy into electric energy.

ly),

or

he,

ver
ted

trol

e 1 to entry: It,is‘responsible for generating energy and meets the task of using the wind potential of a centain

4 | Abbreviated terms

ACSI abstract communication service interface
CDC common data class

CMS condition monitoring system

DC data class

DNP3 distributed network protocol version 3
IED intelligent electronic device

IEM information exchange model

LCB log control block

LD logical device

LN logical node

O&M operation and maintenance


https://iecnorm.com/api/?name=c4878e0a9fe8b91b1e2ce6432ff8b834

-16 - IEC 61400-25-1:2017 © IEC 2017

OSlI open systems interconnection

RCB report control block

SCADA supervisory control and data acquisition

SCSM specific communication service mapping

WPP wind power plant

WT wind turbine

XML extensible mark-up language

5 | Overall description of IEC 61400-25 (all parts)

5.1 General

Thé main objective of IEC 61400-25 (all parts) is to create a standard basis,for manufactuf

ind
po
SYS

Clg

pendent communications for monitoring and control. Manufacturers@nd suppliers of w
ver plant components shall implement IEC 61400-25 (all parts)vin their devices 4§
tems.

use 5 provides a general overview of the context, maodels, modelling approach, 3

application possibilities of IEC 61400-25 (all parts).

Su
IEQ
‘Wi
use

Su
wit

bclause 5.2 provides a top-down view on wind power plants and shows the areas wh
61400-25 (all parts) can be applied. It explains what is to be understood under the te
hd power plant’, which operation concepts are{distinguished and which components
d to run wind power plants.

er-
nd
nd

nd

nin the framework of the monitoringland control of wind power plants. It explains w

gemeral communication capabilities wind power plants shall possess and which contents

fun

Su
IEC
bag

ctions are required for communication.

pclause 5.4 provides ..an overview of the communication model defined
61400-25 (all parts). The server-client communication environment that served as
is when developing IEC 61400-25 (all parts) is introduced briefly. Next, three server-cli

application topologies-.are introduced, illustrating the communication architectures that

pog
be

sible by way of.an)example. Finally, the three areas defined by IEC 61400-25 (all parts
implemented as’/the standard for the monitoring and control of wind power plants will

intnoduced on.a-generally understandable level.

5.2

5.2,

Top=down view on wind power plants

1 Definition of wind power plants

pclause 5.3 describes the demands made with reference to the communication taking pl’_Ice

ich
nd

by
the
ent
are
to
be

Wind power plants constitute complete systems consisting of any number of technical
subsystems with clearly separated tasks. The subsystems are referred to as wind power plant
components and will be described in 5.2.2.

5.2

.2 Wind power plant components

Wind power plant components are technical systems employed in the operation of wind power
plants. They consist of various sub-components. All wind power plant components fall within

the

application area of IEC 61400-25 (all parts).

The information modelled in IEC 61400-25 (all parts) covers the following corresponding
components:
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Wind turbine

rotor,
transmission,
generator,
converter,
nacelle,

yaw system,

Meteorological system

E

(S

Co

ind power plant management system

Tower,

alarm system.

meteorological conditions of the wind power plant.

wind power plant control.
ctrical system
wind power plant grid connection.

hdition monitoring system (CMS)

power plant for a period of time.

Th
pla
win

Ve
tec

infg

A

d potential of a certain location to convert wind into electrical energy.

process with the purpose of observing components or structures of a wind turbine or wjnd

wind turbine (with its many sub-compgnents) is the main component of a wind power
t. The wind turbine is responsible for:generating energy and meets the task of using the

ndors of wind turbines usually guarantee their customers a certain power curve gnd
hnical availability in terms of energy production. To enable both the operators and owngrs

erify the guaranteed performance of the wind turbines used, well-founded data providjng

rmation on the wind conditions at the particular location shall be available.

me

thel wind speed,«at-a particular location. The meteorological system supplies the data that

be [required to,correlate the produced power output of individual wind turbines to the usea
wirld potential. On this basis, it is possible to draw well-founded conclusions as to the re
penformance of a certain wind turbine.

In

separate wind power plant component, the reference met mast, referred to ag
eorological system, should be used for the measuring of the wind conditions, for exar:[

a
le

ay

le
al

ddition to several wind turbines, integrated operation requires further components; the

energy produced in decentralized feeder and/or substations shall be collected and transported
to the final user via suitable power networks. This task is covered by the electrical system.

NOTE All electrical system issues concerning substations are targeted in the scope of IEC 61850 (all parts).

Another component, the wind power plant management system, ensures that the complete
system adapts itself to the static and dynamic conditions and requirements of the electrical
power connection (substation, utility network).
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5.3 Generic requirements on communication
5.3.1 Communication capability

Wind power plants are monitored and controlled by various external actors, such as local or
remote SCADA systems, local real time build-in control systems, energy dispatch centres.

The objective of the monitoring of wind power plants is to provide the actors with information
on the complete system and the installed components. This information is deemed to be an
important knowledge basis for the control of wmd power pIants For example a SCADA

nponent is controlled as intended. To be able to check whether or not the command has
be¢n executed, the SCADA system additionally requires a feedback from the)wind poyer
plant.

Thuys, wind power plants and external actors shall meet an essential prerequisite to be ablg to
exghange information within the framework of monitoring and contrel’ they shall be ablg to
communicate with the outside world.

Typically, any wind power plant component, which needs to 'exchange information with other
components and actors, is therefore equipped with a spo*cCalled intelligent electronic deVice
(IEP), which can send data to external receivers and receive data from external senders| A
wind turbine usually possesses a wind turbine controller, which is primarily responsible for the
internal monitoring and control of the wind power-plant component, but also allows extennal
mopitoring and control.

5.3.2 Communication content

Information is the content of the communication that takes place within the framework| of
mopitoring and control. The basic.(@€lements are raw data from the wind power plant
component, which shall be _processed into specified information according | to
IEQ 61400-25 (all parts). There are’ five types of information that can be differentiated and pre
important for the monitoring and-control of wind power plants:

— |process information,

— [statistical information,
— |historical information,
— |control information,

— |descriptive information.
Prqcess, jstatistical and historical information provide the contents required for the monitorjng
and «control of wind power plants; this information shall be communicated by the wind poyer
plants—Process mformation provides information on the behaviour of certaim _compiete
systems and their components, on their current states. Statistical information is often useful to

evaluate the operation of a wind power plant. By using historical information, it might be
possible to track the operational trends in logs and reports.

Control information is intended to transmit the contents required for the control of wind power
plants, such as access profiles, set points, parameters and commands; this information shall
first be communicated to wind power plants by certain actors. Wind power plants shall store
control information and provide this for further communication to sub-processes.

Descriptive information is the type and the accuracy of the information, as well as the time
and the data description.
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5.3.3 Communication functions

The actors communication for monitoring and controlling the wind power plants require special
functions to configure, perform and monitor the information exchange with wind power plants.
These functions can be divided into the following two main categories:

— operational functions,
— management functions.

While operational functions are within the scope of IEC 61400-25 (all parts), the management
functions are outside the scope of [EC 61400-25 (qll In:\rfc) hecause fhpy are implementation

spégcific.

Opgrational functions (manual or automatic) are used by the actors to obtain infermation|on
wirld power plants and to send control instructions to wind power plants. The“operational
funfctions include:
— |monitoring,

— |control,

— |data retrieval,
- [logging,

— |reporting.

Table 1 provides an overview of the ranges of applicationof the operational functions.

Table 1 — Operational/functions

Operational functions Range of application (practical use)

Mdhnitoring Operational function”used for local or remote observation of a system or a
process for any changes which may occur over time. The term can also be
used for observation of the behaviour of a data value or a group of data valups.

Coptrol Changingiand modifying, intervening, switching, controlling, parameterization,
optimizing of wind power plants.

Data retrieval Collecting of wind power plant data.

Logging Logging is a function intended for sequential recording of data and events in

chronological order. The result of the logging is a log.

Reporting The reporting is a function intended to transfer data from a server to a client
initiated by a server application process.

Manhagement,“functions are required for the higher-level management of the informafion
exghange.~They are used by actors to secure integrity of the monitoring and control process.
Theé management functions included are as follows:

L
- UsStl/7allttss IIIalIdQUIIICIIt,

time synchronization,

diagnostics (self-monitoring),

system setup.

Table 2 provides an overview of the ranges of application of the management functions.
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Table 2 — Management functions

Management functions Range of application (practical use)
User/access management Setting up, modifying, deleting users (administratively), assigning access
rights (administratively), monitoring access
Time synchronization Synchronization of devices within a communication system.
Diagnostics (self-monitoring) This function is used to set up and provide for self-monitoring of the

communication system.

System setup functions Defining how the information exchange will take place; setting, changing

and receiving (retrieval) of system setup data.

NG

TE Time synchronization is covered in IEC 61400-25-4.
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ser

IEC
img
ass
thr
obj

ects in the wind power plant information model are distributed among the servers.

Communication model of IEC 61400-25 (all parts)
1 General

61400-25 (all parts) defines a communication model for the monitéring and control
d power plants, taking into account all requirements made )with reference to

information model,
information exchange model,

mapping of the information model and the iffermation exchange model to stand
communication profiles.

hmunicate via a common communication”’channel. These two entities are referred to
vider supplying the client with the contents and functions required for the communicati

ver.

61400-25 (all parts) leaves it open how and in which physical device the server is to
lemented in practice. \The objective of IEC 61400-25 (all parts) is that the informa
ociated with a single wind power plant component (such as the wind turbine) is accessi
bugh a corresponding logical device. Also, IEC 61400-25 (all parts) does not specify h

5.

The wind\power plant information model (see Figure 2) provides the contents required for
information exchange that takes place within the framework of the monitoring and con
betweén client and server

.2 Information model

of
the

hmunication, on an abstract level. The communication modelrcomprises three separafely
defined areas:

ard

b communication model is embedded in anrabstract environment where two entities may
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ver and client (see Figure 1). The server assumes the role of an information and serVice
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Figure 2 — Data processing by the server(¢onceptual)

prgcess all data, which is provided by wind power plants for the external monitoring
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The model is deemed to be a standard frame of interpretation via which the server r{ay

gess to these data in a component-oriented view:

$ been taken into account. This appreach allows wind power plants to be viewed

information objects and modelling of an-appropriate information architecture.

IEQ
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mponents of a wind powek plant to communicate with. This means that all of

Illes, binary status, commands and set points and these objects and data are mapped i
meric, logical representations of the real world components as a wind power pl

information model.

Brgaking a real.world component down into objects to produce a model of that object invol

ide

an
up

{a simple or complex type (a class) and represents data in the device to be read
ated:

nd

ntrol, into relevant and semantically standardized information, and may grant the client

en developing the wind power plant infarmation model, the paradigm of object orientatjon

as

61400-25 (all parts) utilizes the concept of object modelling to represent the systems and

the

mponents in the real world’ are identified as objects that have data such as analogue

hto
Ant

es

tifying all/of the data and functionality of each component object. Each data has a name

or

Instead—of deating—with—tists of mumbered—quantitres;,amobject=modettingapproach—tets
organize and define standard names for standard things, independent of the manufacturer of
the equipment. If the equipment has a shaft for which the rotational speed is available for
reading, it has the same name regardless of the vendor of that equipment and can be read by

an

y client programme that knows the information model.

us

In addition to reading and updating process information, other functionalities of the device
may include things such as historical logs of information, report by exception capabilities, and
actions within the device that are initiated by internal or external command and control inputs.
All of these items imply some type of information exchange between the outside world and the
real world device represented by the wind power plant information model.

Clause 6 describes in more detail the logical structure of the wind power plant information
model and the method by which wind power plants shall be modelled as information objects.
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5.4.3 Information exchange model and relation to wind power plant information
models

The information exchange mechanisms rely on standardized wind power information models.
These information models and the modelling methods are the core of IEC 61400-25 (all
parts). IEC 61400-25 (all parts) uses the approach to model the information found in real
components as depicted in the conceptual overview in Figure 3. All information made
available to be exchanged with other components is defined in IEC 61400-25 (all parts). The
model provides for the wind power plant automation system an image of the real world (power
system process, generator, etc.).

IEC 61400-25-3
Services

TCP/IP @ :
Network

IEC 61400-25-4
Mapping to
protocol stack Real

/ Logical device (LD)
‘ /_ Virtualization

(Virtual world)

Hides/encapsulates real world

ouces

componentin
IEC 61400-25-2 IEC 61400-25-2 wind turbine
logical node (LN) data object (DO)

(Rotor) (Rotor speed)

IEC

Figure 3«=Modelling approach (conceptual)

IEG 61400-25 (all parts) defines the information and information exchange in a way that is
independent of a concrete implementation (i.e., it uses abstract models). IEC 61400-25 |all
pailts) also uses the eoncept of virtualization. Virtualization provides a view of those asp€cts
of p real device that)are of interest for the information exchange with other devices. Only
those details that’ are required to provide interoperability of devices are defined] in
IEQ 61400-25 (all parts).

The¢ appreach of IEC 61400-25 (all parts) is to decompose the components into the smallest
enfities, which are used to exchange information. The granularity is given by a reasonaple
distributed allocation of these entities to dedicated devices (IEDs). These entities are called
logical nodes (e.g. a virtual representation of a rotor class, with the standardized class name
WROT). The logical nodes are modelled and defined from the conceptual application point of
view. Logical nodes are collected in a logical device representing for example a complete
wind turbine.

Real components on the right hand side of Figure 3 are modelled into a virtual model in the
middle of the figure. The logical nodes correspond to functions in the real physical devices. In
this example, the logical node WROT represents a specific rotor of the turbine to the right.

Based on their functionality, a logical node contains a list of data (e.g. rotor speed) with
dedicated information. The data have a structure and a well-defined semantic (meaning in the
context of wind power plant systems). The information represented by the data is exchanged
by the services according to the information exchange services defined.
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The logical nodes and the data contained are crucial for the information model and the
information exchange services for wind turbines to reach interoperability.

The logical nodes and the data contained are configured by the control information, for
example parameters, commands to be accepted, set point ranges.

5.4

4 Mapping to communication profile

The information exchange between server and client requires a uniform communication
protocol on both sides. A specific mapping to a communication profile defines how the objects
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rmation exchange model are implemented using a specific protocol stack, i.e. a compl
munication protocol. IEC 61400-25-4 specifies in detail the communication @rotog
lied in IEC 61400-25 (all parts).

e mapping to protocol stacks specified in IEC 61400-25-4 is oriented -ipv its struct
ards the OSI reference model (ISO/IEC 7498-1). According to the OSI, reference moq

br 7, 6 and 5 are concerned with application issues (often namedyas the A-Profile),
er four layers are concerned with data transport issues (often named as the T-Profile).

Wind power plant information model

General

use 6 provides a detailed description regardingsthe wind power plant information moq
mmon wind power plant relevant information is defined, structured and descril

bclause 6.2 describes the modelling methodology used to represent and structure relev
rmation.

Information modelling methodology

1 Wind power plant.information
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Table 3 — Wind power plant information categories

Category Description

Process information

State information Discrete information concerning the current condition or behaviour of a component or

system
Status Condition of a component or system (st1/st2/..stn)
Alarm Statement of safety intervention by, for example, the turbine control system
Event State transition (status, alarm, command)

Ang

logue information

Continuous information concerning the current condition or behaviour of a compongnt

or system

Measured data (Sampled) value of a process quantity

Processed data Measured value, which has been processed (10 min-average/...)

Three phase data Measured value of a three phase electric power quantity

Cqgntrol information

Control information Discrete information concerning the current condition or behaviour of a component for

system
Command Controllable status for system behaviour (enable/disable, activate/deactivate, etc)
Set point Reference value for a process quantity
Parameter Controllable value for system behaviour (adjustment)

D¢rived information

Staftistical information The result of applying a statistical @lgorithm to a set of data

Timing data Total time duration of a specific state

Counting data Total number of occurrencesof a specific event

Characteristic data Properties of informatiemor data observed (min., max., average, standard deviatior,

etc.)

Hisforical information

Information about(the time passed

Log Chronological.list of events for a specific period of time

Transient log Event triggered chronological list of high resolution source information for a short

period. 6ftime

Report Periodical notification comprising the information that represent the state and data
requested in the report control block
6.2.2 Modelling approach

Begause all the information categories as listed in Table 3 comprise their own formats and
prgperties;>|EC 61400-25 (all parts) has to define a general wind power plant informatfjon
moldet.\The structure of this top-down view model is hierarchical and based on the modelling
approach as defined in |IEC 61850-7-1:2011, Clause 6 where the basis is described| in
IEC 61850-7-2:2010, Clause 5. Hierarchical means that different levels of common
information are distinguished and grouped together into classes. Lower level classes will
automatically inherit properties as specified by upper level classes. The structure of the wind
power plant information model is concisely given in Figure 4. Each level will be discussed
separately in more detail.
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6.2.3 Logical devices

A server hosts at least one logical device. IEC 61400-25 (all parts) could for example be used
to assign a logical device to a specific wind turbine of a wind power plant. Thus a logical
device contains a collection of specific logical nodes belonging to this wind turbine. The
logical node zero (LLNO) is destined to provide common information about the logical device
(e.g. logical device nameplate and health) and the logical node physical device (LPHD)
represents common data of the physical device that is hosting the logical device (e.g. physical
device nameplate and health).

62]-4—kee»eaJ—nedoe
Within a logical device, all wind turbine information will be distributed in different 'coptainers’,

called logical nodes. In IEC 61400-25 (all parts) a set of specific logical node classes<for wjnd
power plants have been specified (IEC 61400-25-2), some of these shall be. mandatpry
(inIicated with an ‘M’ in tables) and others optional (indicated with an ‘O’ in taples). The bgsic
rulgs for the use of logical nodes and data objects and their extensions .d@re defined| in
Clguse 14 of 61850-7-1:2011. The specific LNs are originated by a physical turbine brg¢ak
down into components (e.g. rotor, transmission, generator, yaw system); but collectiong of
commmon information can also be represented in a specific LN (e.g. alarm log, event log). The
naimnes of wind power plant specific logical nodes shall be unique and always begin with W',
follpwed by three capitals representing the content.

The logical node data is represented by named attributes’™hat can have simple or complex
types (a 32 bit integer or a complex structure variableXmade up of a collection of named
simple and complex component types). In this model, this data is named and has whatejer
types are appropriate to represent the underlying data: The specific internal organization and
implementation of the data storage and management scheme are independent of the outsjde
wofld view.

Insjde a LN, information is specified by data objects. All logical nodes have a standardized
and similar table structure as shown in Table 4. The table represents and visualizes fhe
different data objects in a logical nodg:

Table 4 — General table structure of a logical node (LN)

Wxxx class

D4ta Object Name Common Explanation M/Q
Data-Class

Data Objects

Common information

Data Object Class CDC Description and range
name

Statussinformation

Data Object class CDC Description and range
name

Measured and metered values

Data Object class CDC Description and range
name

Controls

Data Object class CDC Description and range
name

For the sake of convenience, all information in a logical node is categorized in compliance
with the wind power plant information decomposition of Table 3.
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In Table 5 all data class attributes inside a logical node are explained briefly.

Table 5 — Data class attributes in a logical node

Data class attribute Description
Data Object Name Name of the data object
Common Data Class Common data class that defines common data properties. The CDCs are defined in
IEC 61400-25-3
Explanation Short explanation of the content of the data class
Majndate M: Mandatory, O: Optional

If g
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Information exchange modelling methodology
1 Wind power plant information exchange

61400-25-3 is to exchange informatioh provided by the instantiated information mode
various classes, such as logical nodes, data objects, data attributes or control blocks. 1

an instance of the wind power.plant information model, and
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etc.) which enable a client to access the instantiated information model.

61400-25 (all parts) defines the server role only. A client issues service requests to

ver.
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Figure 6 — Client and server role

shown in Figure 6, physical devices may implement the client, the server role, or b
@s.

¢ client plays the complementary role of the server withyregard to the services.

pth

[E IEC 61400-25 (all parts) does not define any application“‘program interface — neither in the server nor in|the
cliept. It defines the externally visible view of the information contained in the server and how this information [can
gent and received.
7.2.2 Service models
wind power plant information model in the server supports the access services|as
icted in Figure 7.
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Figure 7 — IEM service models
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The focus of the server is to provide data that make up the wind power plant information
model. The data attributes contain the values used for the information exchange. The IEM
provides services for:

— control of external operational devices or internal device functions,

— monitoring of both process and processed data, and

— management of devices as well as retrieving the wind power plant information model.

The wind power plant information model data instances contained in the server can be

accessed by the services Get, Set, Control for immediate action (return information, set
vallies to data, control device or function).

Reporting and logging provide the means to autonomously and spontaneously s¢nd
information from the server to the client issued by a server-internal event (reporting) o1 to
stofre this information in the server for later retrieval (logging).

7.2.3 Abstract communication service interface

The¢ set of basic services that the communications interface uses to accomplish fhe
information exchange between the outside world and various compenents of the real wagrld
deyice are referred to as the abstract communication service-interface (ACSI). The bgsic
methodology of these services is described in detail in IEG61850-7-1 and IEC 61850-1-2.
Table 6 of IEC 61850-7-1:2011 describes the ACSI models’ and services. The followjing
degcribes the services in the specific wind power plant context.

Figure 8 graphically illustrates the various components of the ACSI models. This figurq is
used to provide a narrative description of how a typical device interacts with the outside wqrld
usipg these services.
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for a wind power plant
A physical device with -a communications interface is represented as a server. It hag a
communication network address and is accessible over a network by an external client. The
senver can accept( a  connection from one or more external clients, authenticate that
connection, and, _support services to provide information to the client. This server contains ¢ne
or more logical.devices, which contains one or more logical nodes that represent the bgsic
building blo¢Ks (objects) that represent various functionalities of the logical device. T
logjcal node-contains data that can be written to or read individually and in groups (data se
responds\to control inputs, provides solicited and unsolicited reports, and contains logs

interface.

Get/Set and Control services are provided to read (get) and write (set) the data in the logical
node. Analogue information and status information are normally read only. Control and
configuration information are generally read and write. Services are provided to facilitate
concepts such as select before operate for control applications.

In addition to individually named data, collections of data (a Data Set) can be defined and
given a name. Services are provided to create, delete and list Data Sets, and to get and set
values of Data Sets. This arbitrary grouping capability lets client applications define
collections of data attributes that are commonly needed and retrieve them with a single get
operation using a single name.
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Data Sets are the key to two information exchange mechanisms in a logical node — reporting
and logging. Most physical devices have some kind of internal logging mechanism. These
logs may contain periodic recordings of data values, recordings of data values when the value
changed by some amount, exceeded a threshold, or some other triggering mechanism.
Similarly, physical devices often have the means to send some kind of report directly to a
subscribed client under circumstances similar to those just described for logging. In the ACSI
models, the information that gets reported or logged is represented by a Data Set. This
approach permits specifying the rules for logging and reporting to be defined in a more
compact and efficient fashion.

ort
control block (RCB) respectively. Each log has an associated LCB and each report has|an
asgociated RCB that defines the rules for what goes into the logs and reports. These rllles
defermine which Data Set(s) are to be included and under what conditions. This approach
prgvides a very powerful and flexible means of logging and reporting information.

Logs are often a very important aspect of a physical device. The generation of these logs may
be [the core function of the physical device (a condition monitoring device,for example) or may
be |utilized for diagnostic information. Logs are time ordered collections '6f data grouped into
defined Data Sets. Services are provided to permit an external clientto retrieve informafion
from the log either in whole or in part. This is accomplished by providing the means to query
thel log with filters that specify a time range of interest and whiech named attributes are to|be
retrieved.

Sefvices are also provided to permit a client to subscribé)to reports that have been defineqd in
thel device. These reports can be buffered so .that if communications are tempordfrily
disfupted, all of the reports are still sent tothe client when communications are |re-
established.

Thils overview illustrates the core informatiofexchange capabilities of a physical device using
thel ACSI approach. For more detailed description of the ACSI, refer to IEC 61850-7-1 and
IEC 61850-7-2.

7.2.4 Service modelling convention
The services are generally defined by:
— |a set of rules for, the definition of messages so that receivers can unambiguodsly

understand messages sent from a peer,

— |the service request parameters as well as results and errors that may be returned to the
service callery. and

— |an agreedzon action to be executed by the service (which may or may not have an impjact
on process).

Thils basic concept of the IEM is depicted in Figure 9.
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Set.resp or ‘enable reporting})
l that can be set
t
IEC

Figure 9 — IEM service model with examples

services are based on three message primitives: request, positive response and negafive
ponse. The request primitive is used by the glient to issue a service call to the server and
response primitives allow the server to returnrinformation to the client. A positive response
itive indicates that the service agreed-oh action was or will be executed whereas a
ative response indicates the action failed to execute or will not be executed. A message
itive may have a number of parameters, called results and errors in case of respofse
itives.

Ch specific service is defined by’one or more service tables that summarize the parametgrs

Table 6 — Service table

Parameter name

Request

Parameter 1...

Parameter n

Response+

Parameter T...

Parameter n

Response-

Parameter 1...

Parameter n

NOTE 1 The service tables of the services defined in IEC 61400-25-3 do not show all parameters required in
concrete interface implementations; for example, the parameter ‘association’ or ‘retransmission time’ are not
depicted in the service tables. These tables are abstract — local issues and concrete protocol issues are not shown.
These specific issues are not required to understand the semantic and behaviour of the service.
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Each parameter and the effect this parameter has on the processing of the service are
abstractly described in this document.

The sequences of the request/response primitives (messages) for the services are depicted in

Figure 10.
Client server
Service_req Successful
Ao otk tlraculic) service Ca”
Service—rsp+{resuits)
Service req Successful
service call
Service rsp+ (results, errors) (with errors)
Service _req Unsucces$sfil
) service call
Service _rsp- (errors)

— — IEC

Figure 10 — Sequence diagraim

Th¢ messages operate on the (attributes of) informatioh objects. There are two kinds

cla

1)

2)

Thi

NO
Cor

Thi
as

5ses that can be instantiated to objects:

data objects, and data attributes as defined in Clause 6 (mainly representing proc
data, e.g. ‘rotor speed’ or ‘stop wind turbine’), and

control block may, for example, be-accessed to start or stop reporting values by settin
specific attribute.

b messages described in this ¢lause are conceptual — to understand the IEM.

crete messages can be foundin the mappings to specific application layer protocols (see IEC 61400-25-4).

in the case of the service ‘Get’, or more complex, as in the case of controlling

behaviour of a_real physical device. The later case requires precise description of how

cor
dis
chg
(of

ck if-another client is operating the wind turbine, thus requiring the use of a semaph
en’ called Select-before-Operate).

of

The wind power plant information model classes such as logical devices, logical nodgs,

eSS

Various (common) control blocks, for\example, for reporting and logging. The reporting

0 a

[E 2 The concrete messages“can be defined by some well known notation, for example, tables or XML.

e agreed-on actignyor actions to be processed on the receipt of a message may be simple,

fhe
the

trol acts,{or example, the server could immediately invoke the process control systen] to
ribute .the necessary internal commands to stop the wind turbine or it may first haveg to

pre

The dynamical behaviour of the reporting and logging models is controlled by common control
blocks. The actions of a certain control block object are described by multiple attributes like
number of entries/array-elements, which values to be reported or logged, period of periodic
reporting/logging, or events to buffer in case the communication link is down. The dynamic
behaviour is also influenced by the nature of the buffer, for example, circular buffer that
wraps.

Actions usually produce results that have to be transmitted back to the client. In case of error
occurrence, error messages are sent back. The actions are usually defined by various
attributes, formal state machines and plain text.
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8 Mapping to communication protocols

8.1

General
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The specific communication service mapping (SCSM) defines how the services and the
models (server, logical devices, logical nodes, data objects, data sets, report controls, log
controls, setting groups, etc.) are mapped to specific communication stacks, i.e. to a complete
profile. The mappings and the used application layer define the syntax (concrete encoding) for

the data exchanged over the network.

NO]T
app

Ac
parn
(ofo](
ha
but
to

EXA
may]
Get

e concept o

ication protocols.

Application
process

ing. Depending on the technology of the communication network, these~mappings
e different complexities, and some ACSI services may not be supported’in all mappi
where a service is provided in a mapping, that service shall be equivalent in its meani|
he same service in the benchmark mapping. An application layer may use one or m
stacks (layers 1 to 6).

MPLE The mapping of the service ‘GetDataSetValues’ (reading many valles*in one chunk) can have diffef
pings for AL1 to ALn. For example, a specific AL can support this service-directly while another AL supp|
of single values or many values of the same type only. In this case, the'mapping issues several Gets.

Network independent interface

(ACSI, Abstract Communication Service Interface)

y X

SCSM 1 SUSM 2 SCSMn Specific interface
] 1 <
|
: AL 2 AL Application layer
AL 1 i ’

Layer 1..6

IEC

8.2

Figure 11 — ACSI mapping to communication stacks/profiles

Architecture of the mappings

Multiple mappings may be supported by IEC 61400-25 (all parts). The conceptual architecture

of the mappings is shown in Figure 12.
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Figure 12 — Commuhnication profiles

Mapping of the wind, power plant information model

information models and the information exchange models need to be mapped| to
xropriate protocols. Mapping requirements are defined in IEC 61400-25-4. The protodols
P and IP shall be the basic lower dayer protocols provided by all mappings. Specific data
and physical layers are beyond-the scope of IEC 61400-25 (all parts).

Mapping 1 Mapping 2 Mapping 3 ... Mappingn
|_| |_‘ |_| |_| Mape@ng to communication
! profite—EC-644068-2514
Application S S S
fo & & &
D i X & N} &
FPresentation & é%‘b é&@g s‘°\:"
: @s\eﬁb S E S L&
Session &8 ge g ¢ | g
Transport TCP i ;
Network P
. : . out of scope
Data Link Ethernet, ... other / oot re) |
] ] /— out of scope :I
Physical Physical

EC

The¢ mapping of the wind, pewer plant information models to a hierarchical structure as defijed

in

IEQ

Clause 6 and Clalse'7 of IEC 61400-25-2:2015, shall be applied for all SCSMs| of
61400-25 (all parts).
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

SYSTEMES DE GENERATION D’ENERGIE EOLIENNE -

Partie 25-1: Communications pour la surveillance et la commande des

centrales éoliennes — Description globale des principes et des modéles

AVANT-PROPOS

| a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de “pormalisg
Composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC), L’'IEC a §
bbjet de favoriser la coopération internationale pour toutes les questions de normalisation dans les doma
He ['électricité et de ['électronique. A cet effet, I'[EC — entre autres activités —, publie des Nor
nternationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée a
Comités d'études, aux travaux desquels tout Comité national intéressé par le sujet,traité peut participer.
brganisations internationales, gouvernementales et non gouvernementales, en-liaison avec I'lEC, partici
Bgalement aux travaux. L’IEC collabore étroitement avec I'Organisation Internationale de Normalisation (I
selon des conditions fixées par accord entre les deux organisations.

| es décisions ou accords officiels de I'l[EC concernant les questions teehniques représentent, dans la mej
Hu possible, un accord international sur les sujets étudiés, étant donné/que les Comités nationaux de |
ntéressés sont représentés dans chaque comité d’études.

comme telles par les Comités nationaux de I'lEC. Tous les &fforts raisonnables sont entrepris afin que I
E'assure de I'exactitude du contenu technique de ses publieations; I'lEC ne peut pas étre tenue responsabilg
'‘éventuelle mauvaise utilisation ou interprétation qui en esf faite par un quelconque utilisateur final.

Dans le but d'encourager I'uniformité internationale, les., Comités nationaux de I'l[EC s'engagent, dans tout|
mesure possible, a appliquer de fagon transparente les’Publications de I'lEC dans leurs publications nation
et régionales. Toutes divergences entre toutes (Publications de I'lEC et toutes publications nationales
Fégionales correspondantes doivent étre indiquees+en termes clairs dans ces derniéres.

| 'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend
ournissent des services d'évaluation de'conformité et, dans certains secteurs, accédent aux marque
conformité de I'IEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certific
ndépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne ,doit> étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires
mandataires, y compris ses-experts particuliers et les membres de ses comités d'études et des Com
hationaux de I'IlEC, pout tout préjudice causé en cas de dommages corporels et matériels, ou de tout a
Hommage de quelque.Rature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les f
He justice) et les dépenhses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ol
oute autre Publication de I'l[EC, ou au crédit qui lui est accordé.

| 'attention esftattirée sur les références normatives citées dans cette publication. L'utilisation de publicat
Féférencées'est obligatoire pour une application correcte de la présente publication.

| 'attention-est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent fi

He/brevets et de ne pas avoir signalé leur existence.
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‘objet™de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits

La Norme internationale IEC 61400-25-1 a été établie par le comité d'études 88 de I'lEC:
Systémes de génération d’énergie éolienne.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2006. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) harmonisation générale du texte et des modeéles présentés avec les autres parties de la

série IEC 61400-25,

b) harmonisation des définitions des autres normes connexes.
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Le

texte de cette Norme internationale est issu des documents suivants:
CDV Rapport de vote
88/587/CDV 88/622/RVC

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Ce

document a été rédigé selon les Directives ISO/IEC. Partie 2.

Le
dé

L}n
Eo
de

Leg
plu

Il e
prg
sur

hergie éolienne en 2015.

iennes et Systemes de génération d’énergie éolienne, peut étre consultée ‘sur le site |
I'EC.

utilisateurs de I'lEC 61400-25 forment une communauté, appelée)USE61400-25. Pour
5 amples informations, voir http://www.use61400-25.com.

xiste un processus spécifique de maintenance lié a la sérig” IEC 61400-25 qui compléte
venant aprés la publication. Voici les principes essentiels de ce processus:

Les problémes techniques (appelés TISSUES& technical issues) sont rassemblés a pg
de la publication du nouveau document en_coopération avec le groupe d’utilisate
USE61400-25 de la série IEC 61400-25.

Les TISSUES rassemblés peuvent étrecclassés en deux groupes:

— TISSUES pouvant compromettre: l'interopérabilité entre les mises en ceuvre de
norme et nécessitant des corrections ou des clarifications (TISSUES «IntOp»),

— TISSUES proposant de nodyelles caractéristiques qui seront mises en ceuvre dans
versions futures de la norme (TISSUES «next edition»).

Les TISSUES IntOp exigent une clarification immédiate et suivent un processus

IEC 61400-25 avec'les éditeurs de la série IEC 61400-25.

La spécification 'détaillée de ce processus, la liste des TISSUES, la solution associée, |
statut et leur_impact sur la mise en ceuvre et la certification sont accessibles via le s
web de 'USE61400-25, sous http://www.use61400-25.com.

résolution de probleme transparent géré par le groupe d’utilisateurs de la sgri

titre du comité d’études 88 qui était Eoliennes est devenu Systémes de générafion

b liste de toutes les parties de la série IEC 61400, publiées sous les ftitres généraux

eb

de

le

cessus de maintenance normalisé de I'IEC afin de “gérer les problémes techniqulies

rtir
urs

les

de

Bur
ite

L'IEC recommande la mise en ceuvre des solutions proposées pour les TISSUES In{Op

en

dés~qu’ils ont atteint I'état «green» (vert). Il convient que la liste des TISSUES mis

par son constructeur

oeuvre dans un dispositif électronique intelligent (IED) soit indiquée en toute transparell\ce



https://iecnorm.com/api/?name=c4878e0a9fe8b91b1e2ce6432ff8b834

-42 - IEC 61400-25-1:2017 © IEC 2017

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les données
relatives au document recherché. A cette date, le document sera

e reconduit,

e supprimé,

e remplacé par une édition révisée, ou

e amendé.

cétte publication indique qu’'elle contient des couleurs qui sont considéréés comme
ufiles a une bonne compréhension de son contenu. Les utilisateurs devraient, ppr
conséquent, imprimer cette publication en utilisant une imprimante couleur.

IMPORTANT - Le logo "colour inside” qui se trouve sur la page de couverture I{e
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INTRODUCTION

L'IEC 61400-25 (toutes les parties) s'adresse aux fournisseurs (constructeurs, fournisseurs),
opérateurs, propriétaires, planificateurs et concepteurs de centrales éoliennes ainsi qu'aux
intégrateurs systeme et aux entreprises publiques opérant sur le marché de I'énergie
éolienne. L'IEC 61400-25 (toutes les parties) est destinée a étre reconnue et utilisée dans le
monde entier comme norme internationale relative aux communications dans le domaine des
centrales éoliennes.

L'IEC 61400-25 (toutes les parties) a été élaborée afin de fournir des principes de
copmunication uniformes servant de base pour la surveillance et le controle des centrdles
éoljennes. Elle spécifie des informations spécifiques aux centrales éoliennes ainsi_qug [les
mélcanismes d’échange d’information et le mapping aux protocoles de communication: A fcet
égard, I'lEC 61400-25 (toutes les parties) définit les détails exigés pour I'échange des
informations disponibles avec les composants de centrales éoliennes dans un_€nvironnemgent
indépendant du constructeur. Cela est réalisé par les définitions données dans la présepte
paitie de I'lEC 61400-25 ou par des références a d’autres normes.

Leg informations spécifiques aux centrales éoliennes décrivent leprocessus essentiel| et
commun ainsi que les informations relatives a la configuration des ¢entrales. Les informatipns
sont structurées de maniére hiérarchique et couvrent, par. exemple, les informatipns
comnmunes relatives au rotor, au générateur, au convertisseur, a’la connexion réseau et gux
éléments similaires. Les informations peuvent étre dé  simples données (y compris
I’hgrodatage et la qualité) et des valeurs de configuration®ou des attributs plus completq et
deg informations descriptives, par exemple l'unité d’ingénierie, 'échelle, la description) la
réference et les informations statistiques ou historiglies. Le nom de toutes les informatipns
d’upe centrale éolienne définies dans I'lEC 61400525 (toutes les parties) est renseigné. Une
brgve description de la signification de chague donnée est fournie. Les informatipns
normalisées relatives aux centrales éoliennespeuvent étre étendues au moyen d’une regle
d’ektension d’espace de noms. Toutes_(és données, tous les attributs et toutes |es
informations descriptives peuvent étre échangés par le biais de services correspondants.

La|mise en ceuvre de I'lEC 61400-25 (toutes les parties) permet aux systéemes SCADA
(systemes de supervision, contrfle et acquisition de données) de communiquer avec |es
éoljennes de plusieurs fournisseurs. L’autodescription normalisée (contenue dans un ficljier
XML ou récupérée en ligne.a-’aide d’'un dispositif adapté) peut étre utilisée pour configyrer
les| applications SCADA. ) La normalisation des applications SCADA est exclue |de
C 61400-25 (toutesyles parties), mais les informations normalisées communes relatiyes

aux éoliennes fournissent des moyens de réutiliser les applications et les écrans opératpur
deg éoliennes de~plusieurs fournisseurs. Du point de vue des entreprises publiques, |les
déflinitions unifiéesdes données communes réduisent de maniére notable la conversion e} le

Icul des~valeurs des données pour I'évaluation et la comparaison de toutes leurs
trales éoliennes.

C64400-25 (toutes les parties) peut étre appliquée a tout concept de fonctionnement|de
trale éolienne, c’est-a-dire a des éoliennes individuelles, & des parcs éoliens et a d’autres
groupes intégrés d’éoliennes. Le domaine d’application de I'lEC 61400-25 (toutes les parties)
couvre les composants exigés pour le fonctionnement des centrales éoliennes, c’est-a-dire
non seulement le générateur éolien mais également le systéme météorologique, le systéeme
électrique et le systeme de gestion des centrales éoliennes. Les informations spécifiques aux
centrales éoliennes de I'I[EC 61400-25 (toutes les parties) ne comprennent pas les
informations associées aux artéres et aux postes. La communication des postes est traitée
dans I'lEC 61850 (toutes les parties).

L'I[EC 61400-25 (toutes les parties) a pour objet de permettre aux composants provenant de
différents fournisseurs de communiquer avec d’autres composants, quel que soit leur
emplacement. Les structures de données orientées objet peuvent rendre moins chronophages
et plus efficaces I'ingénierie et la manipulation de grandes quantités d’informations fournies
par les centrales éoliennes. L'IEC 61400-25 (toutes les parties) prend en charge
I'’extensibilité, la connectivité et I'interopérabilité.
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L'IEC 61400-25 (toutes les parties) sert de base a la simplification de la mise en ceuvre des
rbles que les éoliennes et les systémes SCADA doivent jouer. La partie cruciale des
informations des centrales éoliennes, les méthodes d’échange d’information et les piles de
communication sont normalisées. Elles constituent une base a laquelle il est facile de se
référer pour la rédaction des spécifications et des contrats relatifs aux marchés publics.

L'IEC 61400-25 est organisée en plusieurs parties.

e L’IEC 61400-25-1 a une portée introductive, comporte des exigences cruciales et un guide
de modélisation.

e |[L'IEC 61400-25-2 et I'lEC 61400-25-6 contiennent la description du modéle d’informatipn,
une vue uniforme, orientée composant, des données relatives aux centrales éolienneg, y
compris les extensions pour la surveillance de I'état.

e |L’IEC 61400-25-3 décrit les modeles d’échange d’information. Elle refléte la_fonctionnalité
du serveur.

e |L’'IEC 61400-25-4 présente cing options de mapping du modéle d’information et du modele
d’échange d’information a un profil de communication normalisé. Le'choix s’effectue|en
fonction de I'application et de la fonctionnalité et des performancesnécessaires.

e |[L'IEC 61400-25-5 décrit les cas d’essai pour les essais de \eonformité des mises |en
ceuvre.

NOTE Les performances liées a la mise en ceuvre de I'lEC 61400-25,(toutes les parties) sont spécifiqugs a
I’application. L'IEC 61400-25 (toutes les parties) ne garantit pas un cerfain niveau de performances. Ce typq de
garantie ne fait pas partie du domaine d’application de I'lEC 61400-25-(toutes les parties). Toutefois, il n’y a pa$ de
limitation sous-jacente a la technologie de communication qui interdirait des applications a haut débit (réponseg de
'ordre de la milliseconde).
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SYSTEMES DE GENERATION D’ENERGIE EOLIENNE -

Partie 25-1: Communications pour la surveillance et la commande des
centrales éoliennes — Description globale des principes et des modéles

1 Domaine d’application

L'IEC 61400-25 (toutes les parties) concerne essentiellement les communications entre |les
composants des centrales éoliennes, tels que les éoliennes, et des acteurs, tels/que |les
syqtémes SCADA. La communication interne entre les composants des centrales\éolienfes
ne reléeve pas du domaine d’application de I'lEC 61400-25 (toutes les parties).

L'lEC 61400-25 (toutes les parties) est congue pour un environnement.de communicatjon
fondé sur un modéle client-serveur. Trois domaines sont définis,’|qui sont modélisés
séparément pour assurer I'extensibilité des systémes mis en ceuvre:

1) [les modéles d’information des centrales éoliennes,
2) |le modéle d’échange d’information, et

3) |le mapping des deux modéles précédents a un profil desxcemmunication normalisé.

Le| modéle d’information de centrale éolienne et,le modéle d’échange d’informatipn,
considérés ensemble, constituent une interface éntre le client et le serveur. Dans cgtte
combinaison, le modéle d’information de centrale‘€olienne sert de cadre pour interpréter [les
domnées accessibles de la centrale éolienne. Le modéle d’information de centrale éolienne
est| utilisé par le serveur pour fournir au client une vue uniforme, orientée composant, ges
domnées de la centrale éolienne. Le modele d'échange d’information reflete toutes |les
fonctions actives du serveur. L'IEC 61400-25 (toutes les parties) permet de connecter ertre
eux une combinaison hétérogéne de.clients et de serveurs issus de différents constructeurg et
fournisseurs.

Comme représenté a la Figurett, I'lEC 61400-25 (toutes les parties) définit un serveur aypnt
les|aspects suivants:

— |les informations fournies par un composant de centrale éolienne, par exemple, «vitesse|du
rotor de I'éolienfie» ou «production électrique totale durant un certain laps de tempis»,
sont modélisees et rendues accessibles. Les informations modélisées dans
I''EC 61400-25 (toutes les parties) sont définies dans [I'IEC 61400-25-2 | et
'EC 61400-25-6,

— |les services pour échanger les valeurs des informations modélisées, définies dans
I'"EC 61400-25-3,

— [|le.vmapping a un profil de communication, fournissant une pile de protocoles ppur
transporter les valeurs échangées provenant des informations modélisées
(IEC 61400-25-4).

L'IEC 61400-25 (toutes les parties) se contente de définir comment modéliser les
informations, I'échange d’information et le mapping a des protocoles de communication
spécifiques. L'IEC 61400-25 (toutes les parties) s’abstient de définir comment et ou mettre en
ceuvre l'interface de communication, [l'interface de programmation d’application
et les recommandations de mise en ceuvre. Toutefois, I’objectif de
I'lEC 61400-25 (toutes les parties) est de permettre I'accés aux informations associées a un
composant individuel de la centrale éolienne (tel qu'une éolienne) par le biais d’'un dispositif
logique approprié.

La présente partie de I'l[EC 61400-25 fournit une description globale des principes et des
modéles utilisés dans I'lEC 61400-25 (toutes les parties).
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les

informations communes et

non

spécifiques au fournisseur. Les éléments d’informations qui tendent a varier considérablement en fonction des
mises en ceuvre spécifiques au fournisseur peuvent, par exemple, étre spécifiés dans des accords bilatéraux, par
des groupes d’utilisateurs ou dans les amendements de I'lEC 61400-25 (toutes les parties).

Modéle de communication de la série IEC 61400-25
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Figure 1 — Modéle conceptuel dé'communication de la
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documents suivants cités dans .ertexte constituent, pour tout ou partie de leur contepu,
exigences du présent document. Pour les références datées, seule I'édition ci’tée
s’applique. Pour les références«hon datées, la derniére édition du document de référe

ce

61400-25 (toutes les parties), Eoliennes — Partie 25: Communications pour la surveillafice
a commande des cenirales éoliennes

la

la

IEC 61400-25-4, Systemes de génération d'énergie éolienne — Partie 25-4: Communications
pour la surveillance et la commande des centrales éoliennes — Mapping pour les profils de
communication

IEC 61400-25-6, Wind energy generation systems — Part 25-6: Communications for monitoring
and control of wind power plants — Logical node classes and data classes for condition
monitoring (disponible en anglais seulement)

IEC 61850-7-1:2011, Réseaux et systemes de communication pour [l'automatisation des
systémes électriques — Partie 7-1: Structure de communication de base — Principes et

modeéles
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IEC 61850-7-2:2010, Communication networks and systems for power utility automation —
Part 7-2: Basic information and communication structure — Abstract communication service
interface (ACSI) (disponible en anglais seulement)

3 Termes et définitions
Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en ormatisation, consultables aux adresses sulvantes:

e |IEC Electropedia: disponible a I'adresse http://www.electropedia.org/
e |[ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1

acfeur

réli que joue un systéme dans le cadre de la surveillance et du contrble ‘alors qu’il n’est pas
dirgctement impliqgué dans le fonctionnement des centrales éoliennes, par exemple [un
syqtéme de supervision, contrdle et acquisition de données (SCADA)

Notg 1 a I'article: 1l existe de nombreuses autres désignations, par exemple systéme central de gestion, syst¢me
de gurveillance et de contrdle, systéme de contrdle a distance.

3.2
alarme

information d’état concernant la centrale éolienne
indjcation relative a l'intervention de sécurité émise par le systeme de contrbéle des éoliennes
(c’¢st-a-dire marche/arrét)

3.
valeurs caractéristiques
pragpriétés des informations analogiqués (min, max, moyenne, écart, etc.)

3
commande
domnées contrélables du comportement du systéme

EXEMPLE Activer/désactiver, valider/invalider.

3.

forjction de communication
fonction utilisée par un acteur pour configurer, effectuer et surveiller I’échange d’informatjion
avéc les centrales éoliennes

EXEMRLE Fonction opérationnelle, fonction de gestion.

3.6

contréle

fonction opérationnelle utilisée pour le changement, la modification, l'intervention, Ila
commutation, le contréle, le paramétrage et I'optimisation des centrales éoliennes

3.7
valeur de comptage
nombre total d’apparitions d’un événement particulier

3.8

récupération de données

fonction opérationnelle utilisée pour la récupération de données relatives aux centrales
éoliennes
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3.9

diagnostic

fonction de gestion utilisée pour configurer et assurer l'autosurveillance du systéme de
communication

3.10

systéme électrique

ensemble de composants électriques qui fonctionnent les uns avec les autres en tant que
parties d'une éolienne ou d’'un champ d'éoliennes chargé de la récupération et de la
transmission de I'électricité produite dans une centrale éolienne

3.1/
événement
trapsition d’état (statut, alarme, commande)

3.112
digpositif électronique intelligent
IE

tout dispositif comprenant un ou plusieurs processeurs ayant la capacité de recevoir des
données d’un émetteur externe ou d’envoyer des données a un récepteur externe

EXHEMPLE Contréleur d’éolienne.
Notg 1 a I'article:  Un IED peut étre raccordé a un autre IED comme client{ comme serveur, ou les deux.

Notg 2 a l'article: Le terme abrégé «lIED» est dérivé du terme anglais développé correspondant «intelligent
elegtronic device».

3.13
information
contenu d’'une communication

Notg 1 a l'article: L’élément de base est une~donnée brute provenant des composants de centrale éolienng, a
traifer dans les informations spécifiées, conformément a I'lEC 61400-25 (toutes les parties).

Notg 2 a l'article: Les catégories d’infermations de centrales éoliennes sont: informations sources (informatfons
anajogiques et d’état), informations\(dérivées (informations statistiques et historiques). Les informations g$ont
définies comme des données (des._données généralement traitées et dérivées et des informations décriyant
d’aytres données).

3.14
échhange d’information
prgcessus de communication entre deux systémes, par exemple un composant et un actpur
d’upe centrale«€olienne, dans le but de fournir et d’obtenir des informations pertinentes

Notg 1 a I'article: L'échange d'information exige des fonctions particuliéres de communication consistant en uf ou
plugieurs-services.

3.15

modéle d’information
modeéle représentant les connaissances relatives aux fonctions et aux dispositifs dans
lesquels les fonctions sont mises en ceuvre

Note 1 a l'article Ces connaissances sont rendues visibles et accessibles par les moyens décrits dans
I'lEC 61400-25 (toutes les parties). Le modele décrit de maniére abstraite une représentation orientée
communication d’une fonction ou d’un dispositif réel(le).

3.16
journal
informations historiques

Note 1 a l'article: Le journal est une liste chronologique d’informations sources correspondant a une période de
temps donnée.
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3.17
journalisation
fonction opérationnelle

Note 1 a I'article: La journalisation est une pratique consistant a enregistrer des données séquentielles, la plupart

du temps de maniére chronologique. Le journal est le résultat d’'une journalisation.

3.18
dispositif logique
entité qui représente un ensemble de fonctions types de centrales éoliennes

3.19
forjction de gestion
foniction exigée pour 'administration de '’échange d’information d’un certain niveau

Notg 1 a l'article: La gestion utilisateur/accés, la synchronisation temporelle, le diagnostic et lacenfiguration
les fonctions de gestion.

3.20
obligatoire
fourni conformément a I'lEC 61400-25 (toutes les parties)

3.21
dohnées mesurées

ont

valpur échantillon d’'une grandeur de processus avec les_attributs de données associés fels

que I'’horodatage et la qualité

3.

systéme météorologique

composant d’'une centrale éolienne chargé de.la surveillance des conditions ambiantes,
exgemple la vitesse du vent, la direction duxeént, la pression, la température

Note 1 a I'article: 1l fournit des données a deg’fins différentes, par exemple afin d’établir une corrélation entr¢
donpées météorologiques et I'énergie électrique de sortie produite par des éoliennes individuelles, d’'une par
I’éngrgie éolienne potentiellement utilisabte, d’autre part.

3.23
sufrveillance

foniction opérationnelle utilisée pour I'observation locale ou a distance d'un systéme ou df

prgcessus concernant.toute modification pouvant survenir dans le temps

Notg 1 & I'article: Ce‘terme peut également concerner I'observation du comportement d’'une valeur de donnée
d’uny groupe de valeurs de données.

3.

forjction opérationnelle

fonction—" permettant d’obtenir des informations et d’envoyer des instructions pour
fonictiohnement quotidien normal des centrales éoliennes

par

les
, et

un

ou

Note 1 a l'article: Les types de fonction opérationnelle sont: surveillance, journalisation, établissement
rapports, récupération de données, contrdle.

3.25
facultatif
fourni de maniére facultative, conformément a I'lEC 61400-25 (toutes les parties)

3.26
parameétre
informations contrblables destinées a obtenir ou a corriger un comportement du systéme

de
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3.27

données traitées

valeur mesurée, avec les attributs de données associés, tels que I'horodatage et la qualité,
qui a été traitée selon I'attribut de méthode de calcul

3.28

profil(s)

format(s) utilisé(s) par un protocole particulier pour transmettre des objets de données ou des
commandes, etc.

3.
pile de protocoles
mige en ceuvre logicielle particuliére d’une suite de protocoles de réseau informatiqué

Notg 1 a l'article: Les termes sont souvent utilisés de maniere interchangeable. Au sens strict) la suite eqt la
défipition des protocoles et la pile est la mise en ceuvre logicielle de ces protocoles.

3.30
rapport
information réelle envoyée par la fonction d’établissement de rapports

Notg 1 a I'article: Un rapport peut contenir toutes les sortes d’informations définies dans I'lEC 61400-25-2.

3.31
établissement de rapports
foniction opérationnelle permettant de transférer des données d’un serveur a un client, initiée
patl un processus d’application du serveur

3.
sys$téme de supervision, controle et acquisition de données
SCIADA

syqtéme fondé sur une unité de processeur qui recgoit des informations provenant d’lED,
détermine les exigences de contréle-efenvoie des commandes aux IED

Notg 1 a I'article: SCADA est un systeme informatique utilisé, par exemple, par les répartiteurs pour surveillgr la
distfibution de puissance au sein d’'unuservice ou d’'une zone de contréle.

Notg 2 a I'article: Le terme abtége «SCADA» est dérivé du terme anglais développé correspondant «supervigory
confrol and data acquisition».

3.33
stdtut
condition de I'état ‘d’un composant ou d’'un systéme (st1/st2/..stn)

3.34
information statistique
résultat- de I'application d’un algorithme statistique a un ensemble de données afin d’obtepir,
parexempte;tavateur mrimimate; ta vateur maximate, famoyenme; técart=type

3.35
données de durée
durée d’un état spécifique

3.36
synchronisation temporelle
coordination permettant d’exploiter des occurrences de fagon synchronisée

Note 1 a l'article: Ce processus peut étre un ordre délibérément établi sur une échelle de temps paralléle ou une
coincidence éventuellement observable.
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3.37

donnée triphasée

valeur mesurée dans un circuit électrique triphasé avec les attributs de données associeés,
tels que 'horodatage, la qualité et la méthode de calcul

3.38

journal de transitoire

liste chronologique déclenchée par des événements d’informations a haute résolution relative
a une courte période de temps (rapport déclenché par des événements)

3.
gestion utilisateur/acceés

foniction de gestion utilisée pour configurer, modifier, supprimer des utilisateurs (de_mani
administrative), attribuer des droits d’acces (de maniére administrative) et surveillgr\les acg

o
)

Notg 1 a l'article: Une fonction de gestion n’inclut pas nécessairement de services de communication.

3.40

centrale éolienne
syqtéme complet comprenant un certain nombre de sous-systémes, fechniques spécifiés dzrns
I''EIC 61400-25 (toutes les parties) comme composants de centrales éoliennes, par exemjple
une ou plusieurs éoliennes

Notg 1 a I'article: Le principal objectif d’'une centrale éolienne est de 'générer de I'énergie électrique a partif du
vent.

3.411
informations analogiques relatives aux centrales éoliennes

informations continues relatives a I'état ou auxcomportement réel d’'un composant ou dfun
syqtéme

EXEMPLE Les valeurs mesurées, les valeurs {traitées, les valeurs triphasées, le point de consigne,
pargmeétres sont des types d’informations analpgiques relatives aux centrales éoliennes.

es

3.

coAﬁposant de centrale éolienne
syqdtéme technique employé(Cpour le fonctionnement des centrales éoliennes, tel que| le
syqtéme de gestion des égliennes, les systémes de gestion météorologique et électrique e} le
syqgtéme de gestion de centrale éolienne

3.43
sys$téme de gestion de centrale éolienne
composant d'une centrale éolienne servant a assurer que la totalité du systéme s’adapte aux
conditions ("statiques et dynamiques et aux exigences relatives au raccordement| a
I'allmentation électrique (c’est-a-dire, l'interopération des éoliennes avec le poste et |es
autlres dispositifs liés au réseau d’alimentation)

Note 1 a l'article: Un systéme de gestion de centrale éolienne peut inclure d’autres fonctions (par exemple, une
fonctionnalité de contréle Shadow, la réduction de bruit ou de son, l'avertissement de formation de glace, la
protection contre la foudre) non modélisées dans I'lEC 61400-25 (toutes les parties).

3.44
éolienne
principal composant d’une centrale éolienne

Note 1 a l'article: Elle est chargée de la production d’énergie et remplit cette tdche en utilisant le potentiel éolien
d’un emplacement donné pour convertir I'énergie cinétique éolienne en énergie électrique.
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4 Termes abrégés

ACSI abstract communication service interface (interface abstraite des services
de communication)

CDC common data class (classe de données communes)

CMS condition monitoring system (systéme de surveillance de |'état)

DC data class (classe de données)

DNP3 distributed network protocol version 3 (protocole de réseau distribué version 3)

IE intelligent-electronic-device{dispositif lectronigue-intelligent)

IEM information exchange model (modéle d’échange d’information)

LGB log control block (bloc de commande de journal)

LO logical device (dispositif logique)

LN logical node (nceud logique)

O&M operation and maintenance (fonctionnement et maintenance)

(01 open systems interconnection (interconnexion de systémes,ouverts)

RCB report control block (bloc de commande de rapport)

SCADA supervisory control and data acquisition (systéme(de supervision, contrble |et
acquisition de données)

SCSM specific communication service mappingn‘A(mapping des services (e
communication spécifiques)

WPP wind power plant (centrale éolienne)

wir wind turbine (éolienne)

XML extensible mark-up language (langage de balisage extensible)

5 | Description globale de I'lEC 61400-25 (toutes les parties)

5.1 Généralités

Le |principal objectif de I'|E€C\81400-25 (toutes les parties) est de créer une base normafive
pour les communications de surveillance et de contrble indépendantes du constructeur. Les
constructeurs et les fournisseurs de composants de centrales éoliennes doivent mettre|en
ceyvre I'lEC 61400-25)(toutes les parties) dans leurs dispositifs et systémes.

L’Article 5 fournif*un apergu général du contexte, des modeles, de I'approche de modélisatjon
et des possibilités d’application de I'lEC 61400-25 (toutes les parties).

Le |Paragraphe 5.2 fournit une vue descendante des centrales éoliennes et présente [les

domaines dans lesquels I'lEC 61400-25 (toutes les parties) peut étre appliquée. Il explique|ce
querlv_t—ﬁ_l—d_ﬁl—m_F_ﬁl_d_l_rT'e €rme «centirale eolienne» doit evoquer, 1es concepis de tonctionnement distinctis et

les composants utilisés pour faire fonctionner des centrales éoliennes.

Le Paragraphe 5.3 décrit les demandes effectuées concernant la communication établie dans
le cadre de la surveillance et du controle des centrales éoliennes. |l décrit les capacités
générales de communication que doivent avoir les centrales éoliennes et le contenu et les
fonctions exigés pour la communication.

Le Paragraphe 5.4 fournit un apergu du modele de communication défini dans
I'lEC 61400-25 (toutes les parties). L’environnement de communication serveur-client qui a
servi de base a I'élaboration de I'lEC 61400-25 (toutes les parties) est brievement présenté.
Ensuite, trois topologies d’applications serveur-client sont présentées avec des exemples
d’architectures de communication qu’il est possible d’appliquer. Pour finir, les trois domaines
définis dans I'lEC 61400-25 (toutes les parties) et & mettre en ceuvre de fagcon normalisée
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pour la surveillance et le contréle des centrales éoliennes sont présentés de maniére
généralement compréhensible.

5.2 Vue descendante des centrales éoliennes
5.2.1 Définition des centrales éoliennes

Les centrales éoliennes constituent la totalité des systemes composés d’un certain nombre de
sous-systemes techniques avec des taches clairement séparées. Les sous-systémes sont
spécifiés comme étant des composants de centrales éoliennes et sont décrits en 5.2.2.

5.2.2 Composants de centrales éoliennes

Legs composants de centrales éoliennes sont des systémes techniques employés*pour le
fonictionnement des centrales éoliennes. lls sont constitués de différents sous-composants.
Tolis les composants de centrales éoliennes font partie du domaine d*application |de
I'lE|IC 61400-25 (toutes les parties).

Les informations modélisées dans I'I[EC 61400-25 (toutes les parties) couvrent |es
composants correspondants suivants:

Eolienne

— |rotor,

— [transmission,

— |générateur,

— |convertisseur,

— |nacelle,

— |systéme d’orientation,

— |mat,

— |systéme d’alarme.

Systéme météorologique

— |conditions météorologiques de la centrale éolienne.
Sys$téme de gestion de-la centrale éolienne
— |contréle de la centrale éolienne.

Systéme électrique

— |raceordement de la centrale éolienne au réseau.

Systéme de surveillance de 'état (CMS — Condition monitoring system)

— processus qui a pour objet I'observation des composants ou des structures d’'une éolienne
ou d’une centrale éolienne au cours d'une période de temps donnée.

L’éolienne (et ses nombreux sous-composants) constitue le principal composant d’une
centrale éolienne. L’éolienne est chargée de la production d’énergie et remplit la tache en
utilisant le potentiel éolien d’'un emplacement donné pour convertir le vent en énergie
électrique.

Les fournisseurs d’éoliennes garantissent généralement a leurs clients une certaine courbe
de puissance et une certaine disponibilité technique sur le plan de la production d’énergie.
Afin de permettre aux opérateurs et aux propriétaires de vérifier la garantie des performances
des éoliennes utilisées, des données justifiées fournissant des informations sur les conditions
de vent a un emplacement particulier doivent étre disponibles.
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