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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND TURBINES -

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

FOREWORD

1) Thel International Electrotechnical Commission (IEC) is a worldwide organization fo onh,comprising
all |national electrotechnical committees (IEC National Committees). The opb isx to ;romote
inteynational co-operation on all questions concerning standardization in the electrical and\ele Ilds. To
this| end and in addition to other activities, IEC publishes International Stanard S ications,
Technical Reports, Publicly Available Specifications (PAS) and Guide qs “IEC
Publication(s)”). Their preparation is entrusted to technical committees; ation erested
in the subject dealt with may participate in this preparatory work d non-
govprnmental organizations liaising with the IEC also participate ir closely
wit i ned by
agreement between the two organizations

2) Thelformal decisions or agreements of IEC on technical matters gxpress ational
congensus of opinion on the relevant subjects since g rom all
inte] i

3) IEC] ational
Cor of IEC
Publi for any
mis

4) In ( cations
transparently to the maxi rgence
bet i¢ated in
the

5) IEC] or any
equ

6) All

7) No i rts and
mef hage or
othg s) and
expe er IEC
Pufli

8) Attg tions is
indi

9) Attg bject of
paté

Internptional Standard IEC 61400-25-1 has been prepared by IEC technical committge 88:

Wind furbines.

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

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

FDIS Report on voting
88/274/FDIS 88/280/RVD

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

A list of all parts of the IEC 61400 series, under the general title Wind turbines can be found
on the IEC website.
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.

A bilingual version of this publication may be issued at a later date

@%
o
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INTRODUCTION

The IEC 61400-25 series addresses 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. The IEC 61400-25 series is intended to be
accepted and to be used world-wide as the international standard for communications in the
domain of wind power plants.

The IEC 61400-25 series 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 communication
protodols. Tn this regard, the IEC 61400-25 series defines details required 1o exchange the

availaple information with wind power plant components in a manufacturer-i ndent
envirgnment. This is done by definitions made in this part of the IEC 6Y series| or by
reference to other standards.

The wind power plant specific information describes the crugial>« Qmbh ( s and
configluration information. The information is hierarchically stru s ample
commion information found in the rotor, generator, convertet, gri ¥ i ike. The
information may be simple data (including timestamp and ali a i i les or
more |comprehensive attributes and descriptive info 1, O unit,
scale,| description, reference, statistical or historical i wind
powern plant defined in the IEC 61400-25 series each
data i$ given. The standardised wind pow ] s of a
name|space extension rule. All data, hnged
by cofresponding services.

The implementation of the |EC 61400 5 ¢ 3 i ontrol
and data acquisition) to” ce¢ te i turbines from multiple vendors{ The
standardised self-descriptio Qntai i L file or retrieved online from a drrvice)
can be used to config ica . Standardisation of SCADA applications are
excluded in the | ' i tandardised common wind turbine information
provides mean f applications/and operator screens for wind turbineg from
differgnt vendors> F ili ; ective unified definitions of common data mipimise
conversion and re-ca ati 2 alues for evaluation and comparison of all theif wind
power plants

The IEC 6140 2 i applied to any wind power plant operation concept, i.g. both
indiviqualw bi s and more integrated groups of wind turbines. The application
area ¢f th 40 -25 series covers components required for the operation of wind power
plants), i wind turbine generator, but also the meteorological system, the
electrical system, and the wind power plant management system. The wind power| plant
specifjc information™in the IEC 61400-25 series excludes information associated with fgeders
and gubstations. Substation communication is covered within the IEC 61850 serles of
standards

The intention of the IEC 61400-25 series is to enable components from different vendors 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. The IEC 61400-25 series supports scalability,
connectivity, and interoperability.

The IEC 61400-25 series 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 standardised. They build a
basis to which procurement specifications and contracts could easily refer.

The IEC 61400-25 series is organised in several parts. IEC 61400-25-1 offers an introductory
orientation, crucial requirements, and a modelling guide.
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NOTE 1 Performance of the IEC 61400-25 series implementations are application specific. The IEC 61400-25
series does not guarantee a certain level of performance. This is beyond the scope of the IEC 61400-25 series.
However, there is no underlying limitation in the communications technology to prevent high speed application
(millisecond level responses).

NOTE 2 IEC 61400-25-4 is, at the time of the publication of IEC 61400-25-1 (this part), still to be published. With
IEC 61400-25-4 the mapping of the information and information exchange models to a specific communication
profile will be described/defined in detail. IEC 61400-25-4 may consist of more than one normative mapping but at
least one of the optional mappings has to be selected in order to be in conformance with the IEC 61400-25 series.
IEC 61400-25-4 is expected to include the following mappings:

Webservices

IEC 61850-8-1 MMS
OPC XML DA

IEC 60§70-5-10%
DNP3

Each of the different mappings specifies individually which and how information 2) and
informfon exchange models (IEC 61400-25-3) will be supported. The mapping w rmation
model fand the information exchange services given in IEC 61400-25-2 and 5 flividual
selectefl mapping will as a minimum support the mandatory data and data attribute i brvices.
A specific mapping may, for implementation reasons or due to underlying praperti e rotocol
used, heed to extend and clarify individual information or individual i i 2 and
IEC 61400-25-3. IEC 61400-25-4 will in this sense have the highest priori W\ ards of

implemgntation.

5
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WIND TURBINES -

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

1 Sfgope

The focus of the IEC 61400-25 series is on the communications bety v powel plant
comp¥nents such as wind turbines and actors such as SC Irternal
commjunication within wind power plant components is beyond the b400-25

series|.

client-
re the scalability

The IEC 61400-25 series is designed for a communicatio
servef model. Three areas are defined, that are modelled
of implementations:

1)| wind power plant information models,
2)| information exchange model, and
3)| mapping of these two models to asstandard cation profile.

The Wwind power plant information formation exchange model, Viewed
togetHer, constitute an inte erver. In this conjunction, thg wind
powerl plant information R 3 s ansinterprétation frame for accessible wind power
plant gdata. The wind ppwer plant i i I is used by the server to offer the client a
uniform, component-ori ' vind—power plant data. The information exchange

model reflects the"whole active of the server. The IEC 61400-25 series enables
connelctivity betwee ombination of client and servers from different
manufacturers and i

As de | EC 64400-25 series defines a server with the following aspécts:

- in i s 3 wind power plant component, for example, ‘wind turbing rotor
speed production of a certain time interval’ is modelled and made available
fof access. inf ition modelled in the IEC 61400-25 series is defined in IEC §1400-

— sefvicesto exc ge values of the modelled information defined in IEC 61400-25-3.

— mapping to a communication profile, providing a protocol stack to carry the exchanged
va i i C61400-2547).

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

IEC 61400-25-1 gives an overall description of the principles and models used in the
IEC 61400-25 series of standards.

NOTE The IEC 61400-25 series 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 the IEC 61400-25 series.
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Communication model of the IEC 61400-25 series

e A
! Client | Server
' '
! | Messaging
1 H 1 "
: Infc;mllahotn extt:hamg.]:'et : through mapping Infoc:'nllatlotn extchang::zt
! :no e (g:e ,I se ‘brI?p:I ’ ! to communication R :"o < (gte ,Ise ,l:l'epl:)l ?
! ogb, cor\bro ,tpu is| q.?— profile (Read, > ogl; copbro ,tpu is
! subscribe, etc.) : write, ... message) subscribe, etc.)
R . . . P [
i 'E i defined in : definedlin defined in ! Wind oower i
1
! eA(;tor ' ' IEC 61400-25-3 ! |EC 61400-25-4 IEC 61400-25-3 i plant p !
R B
i SCADA ! | i . : component :
1 | | 7 1 | 9. wind turbine
i : : i ! i
! i i i : ) !
T T T I =
! I ] 1 <:rf% I
H ! ! WinMr plant ! Wind power plant i a !
H P U information model i information model L N i
i 37 _.’_:_ AN defined in E 1 '
Applicdtion J i IEC 61400-25-2 ! pplcation
‘\_— a : ».—:‘—~::... : ~
SR H RN
e pul el i -1
Outside H | .
scope ! ! utside
| H scope

IEC 2143/06

2 N

ment.

btricity

ontrol

-1:|Basic

imunication networks and systems in substations — Part 7-2:(Basic
yre for substation and feeder equipment — Abstract communication

. =3+ Basic
commun/catlon structure for substat/on and feeder equrpment - Common data classes
IEC 61850-7-4:2003, Communication networks and systems in substations — Part 7-4: Basic

communication structure for substation and feeder equipment — Compatible logical node
classes and data classes

IEC 61850-8-1:2004, Communication networks and systems in substations — Part 8-1:
Specific Communication Service Mapping (SCSM) — Mappings to MMS (ISO 9506-1 and ISO
9506-2) and to ISO/IEC 8802-3

ISO 7498-1:1994, Information technology — Open Systems Interconnection — Basic Reference
Model: The Basic Model
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3 Terms and definitions

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

31

actor

role a system plays in the context of monitoring and control, while it is not directly involved in
wind power plant operation, such as Supervisory Control and Data Acquisition System
(SCADA)

NOTE There are many other designations for example Central Management System, Monitoring and Control
System_Remote Control System

3.2
alarm
wind power plant state information. Statement of safety interve he
contrdl system (i.e. on/off)

)
—

Lrbine

3.3
charateristic values
propefties of analogue information (min, max, avg, dev,e

3.4
comnjand
contrdllable data for system behaviou

3.5
comnjunication function
used by an actor to config
plants|, for example opera

power

3.6

control
operational func

paranjeterisation and

olling,

3.7
countling val
total nu

3.8
data rletrieval
operationdl function™dsed 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

3.10

electrical system

component of a wind power plant responsible for collecting and transmitting the energy
produced in wind turbines

3.1
event
state transition (status, alarm, command)
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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

NOTE For example wind turbine controller. An IED may have connections as a client, or as a server, or both, with
other IED.

3.13

information
content of communication. The basic element is raw data from the wind power plant
Compnnnnf, which-shall be prnr\chnr‘l nto epor\ifind information arv‘nrr\ling to-the IEC 81400-
25 sefies. Wind power plant information categories: source information (analogue and state
information), derived information (statistical and historical information). lnformation-is’ defined
as dafa (usually processed and derived data, and information describjn

3.14
information exchange

commjunication process between two systems, such as wind
the gpal to provide and to get relevant information.
functipns, consisting of one or more services

r, with
cation

3.15
information model
knowlgdge concerning functions and d

NOTE This knowledge is made visible and accesst g model
describps in an abstract way a communication driented represen 3

3.16
log
wind power plant historieal i § i iod of
time

3.17
logging
operational function.
of the|logging is_a log

result

3.18
logicgl de
entity that rep a set’of typical wind power plant functions

3.19
management function
required for the adminisiraiion of the Information exchange In a ceriain level. Management
functions are user/access management, time synchronisation, diagnostics, and configuration

3.20
mandatory
defined content shall be provided in compliance to the IEC 61400-25 series

3.21

measured data

sampled value of a process quantity with associated data attributes such as time stamp and
quality
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3.22

meteorological system

component of a wind power plant responsible for the monitoring of the ambient conditions, for
example the wind speed, wind direction, pressure, temperature etc. It supplies data for
various purposes for example to correlate the meteorological data to the electrical energy
output by individual wind turbines to the potentially usable wind energy

3.23

monitoring

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

behavicurof a-datavalue ora group. of data values

3.24
operational function

function to obtain information and to send instructions for the nor
powel plants. Types: monitoring, logging, reporting, data retrieva

f wind

3.25
optional
defingdd content can be optionally provided in compliap

3.26
paranmeter
contrg

3.27
processed data
measTred value, with th - 2 which
has b i i

3.28
profile(s) D
formaj(s) used by

3.29

proto 3
partic it i e ion of a computer networking protocol suite. The terms are
often 2 s and
the st

3.30
repor
actual information send by the function reporting. A report can contain all kinds of information
defined in IEC 61400-25-2

3.31

reporting

operational function to transfer data from a server to a client, initiated by a server application
process

3.32

Supervisory Control and Data Acquisition

SCADA

system based on a processor unit which receives information from IEDs, determines the
control requirements and sends commands to IEDs. A computer system that for example
dispatchers use to monitor the power distribution throughout a service or control area
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3.33
status
state condition of a component or system (st1/st2/..stn)

3.34

statistical information

result of applying a statistical algorithm to a set of data in order to get minimum, maximum,
mean standard deviation, etc.

3.35
timing data
time duratiomofaspetificstate

3.36
time synchronisation

synchfonization is the coordination of occurrences to operate in un time.
This grocess can be a premeditated arrangement set forth on a"pe it can
be an|observable coincidence in eventuality

3.37

three|phase data

measlired value in a three phase electrical circuit wi 5 time

stamp|, quality and calculation method

3.38
transient log
event|triggered chronological list of high
(event driven report)

ti rmation for a short period of time

feSO

3.39

user/access managemer

management function\ used o iNg modifying, deleting users (administratjvely),
assigning acces i y) and monitoring access

NOTE A management fu ¢ ecessarily include communication services.

3.40

wind powerpla

complete s isti any number of technical subsystems referred to in the IEC
61400-25_series wind power plant components, for example one or more wind turbinels

NOTE The main phjective 'of a wind power plant is to generate electrical energy from the wind.

3.41

wind power plant analogue information

Contl JuUuo ;IIfUIIIIGt;UII UUII\;UIII;IIy thc G\JtUG: UUIId;t;UII T thGV;UUI Uf [<} UUIIIPUII ‘nt Or
system

NOTE Types are, for example, measured value, processed value, three phase value, setpoint, parameter.

3.42

wind power plant component

technical system employed in the operation of wind power plants, such as wind turbine,
meteorological, electrical and wind power plant management system

3.43

wind power plant management system

component of a wind power plant, which is responsible to ensure that the complete system
adapts itself to the static and dynamic conditions and requirements of the electrical power
connection (i.e., interoperation of the WTs with substation and other power network related
devices)
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NOTE 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 the IEC 61400-25 series.

3.44

wind turbine

main component of a wind power plant. It is responsible for generating energy and meets the
task of using the wind potential of a certain location that converts kinetic wind energy into
electric energy

4 Abbreviated terms

ACSI Abstract Communication Service Interface (defined e gin |IEC 61850-7.2)
cbcC Common Data Class

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

Oo&M Operation and maintenance

(O] Open Systems Interconnection

RCB Report Control Block

SCADA Supervisory Control and Data Agquisition

SCSM Specific Communication Service Mapefi e in IEC 61850-8-1)
WPP Wind Power Plat

WT Wind Turbine

XML Extens'fle

5 Oyverall descrip C 61400-25 series

51 Genera

The nain ebject C 61400-25 series is to create a standard basis for manufagturer-
indepg¢ndent munications for monitoring and control. Manufacturers and suppliers of wind

power plant=>co nts shall implement the IEC 61400-25 series in their devicep and

systems,

PONE

Clause 5 provides a general overview of the context, models, modelling approach, and
application possibilities of the IEC 61400-25 series.

Subclause 5.2 provides a top-down view on wind power plants and shows the areas where the
IEC 61400-25 series can be applied. It explains what is to be understood under the term ‘wind
power plant’, which operation concepts are distinguished and which components are used to
run wind power plants.

Subclause 5.3 describes the demands made with reference to the communication 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.
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Subclause 5.4 provides an overview of the communication model defined by the IEC 61400-
25 series. The server-client communication environment that served as the basis when
developing the IEC 61400-25 series 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 the IEC 61400-25 series to be
implemented as the standard for the monitoring and control of wind power plants will be
introduced on a generally understandable level.

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 te(ihnical
subsyptems with clearly separated tasks. The subsystems are referre in the “further
discourse as wind power plant components and will be described in 5.2

5.2.2 |Wind power plant components

Wind power plant components are technical systems emplo
plants. They consist of various sub-components, which
follow|ng. All wind power plant components fall within
25 seties.

3 power
ifferentiated |n the
of the IEC §1400-

The information modelled in the IEC 61400- i he following correspanding
compdonents:

Wind furbine

— rotor,

— trapsmission,
— generator,
— converter,
— nagelle, Q
— yaw system,

— tower,

— alafm system.

Wind power, plant management system

— wirld\power plant control.

Electrical system

— wind power plant grid connection.

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.
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According to the standard IEC 61400-12-1, a separate wind power plant component, the
reference met mast, referred to in the further 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
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 decentralised 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 th 3 ies.

Another component, the wind power plant management system, en : nplete
system adapts itself to the static and dynamic conditions and re i electrical
powelr| connection (substation, utility network).

5.3 (@eneric requirements on communication

5.3.1 |[Communication capability

Wind power plants are monitored and controlled by vafious ext cal or
remote SCADA systems, local real time build-in ) , i 5 etc.
The opjective of the monitoring of wind\powe i i ith i nation
on the complete system and the installed S, i ion i be an
imporfant knowledge basis for the ¢ vind : . , CADA
system which wants to stop.the operat ) i i ine i i ration,
shall know how this compon thi in [which
status| it is currently op i ] jevice
within|the integrated op i levant

d has
power

compénent is controlle
been |executed, @
plant.

Thus, |[wind powenrplants te i isi gble to
excharge information ‘witt he framework of monitoring and control: They shall be able to
commjunicate\with the C

Typically, a ( other
components ang actors, is therefore equipped with a so-called intelligent electronic device
(IED),| which-can send data to external receivers and receive data from external sendpers. A
wind turbine usually possesses a wind turbine controller, which is primarily responsible for the
internahmonitoring and control of the wind power plant component, but also allows external
monitoring and control.

5.3.2 Communication content

Information is the content of the communication that takes place within the framework of
monitoring and control. The basic elements are raw data from the wind power plant
component, which shall be processed into specified information according to the IEC 61400-
25 series. 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,
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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
plants. Process information provides information on the behaviour of certain complete
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 proflles set points, parameters and commands this information shall

first b store
contrg

Descr e time
and tHe data description.

5.3.3 |Communication functions

The agtors communication for monitoring and controlling - . [s require gpecial
functions to configure, perform and monitor the inforpiation exch ' i lants.
Thesg functions can be divided into the following two ma

- operational functions,

- management functions.

Opergdtional functions (manual or automati r d by the actors to obtain information on

wind power plants and t

functipns include:

- monitoring,

- cantrol, Q

— d4ta retrieval,
- logging,

Table|1

erview of the ranges of application of the operational functions.

nd wind power plants. The operational

Table 1 — Operational functions

Operafional functigns

Range of application (practical use)

Monitdring Operational function used for local or remote observation of a system or g
Process for any changes which may occur over ume. The term can also be
used for observation of the behaviour of a data value or a group of data values.

Control Changing and modifying, intervening, switching, controlling, parameterisation,

optimising 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.

Management functions are required for the higher-lever 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:
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- user/access management,

- time synchronization,

- diagnostics (self-monitoring),
- system setup.

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

Table 2 - Management functions

Management functions Range of application (practical use)
User/gccess management Setting up, modifying, deleting users (administratively), assigning acdess
rights (administratively), monitoring access

Time dynchronisation Synchronisation of devices within a communl/a ion sy te

Diagngstics (self-monitoring) This function is used to set up and provide for self-monitoxing>of the
communication system.

System setup functions Defining how the information exchange will t ac chhang ng
and receiving (retrieval) of syste p atQ\
5.4 Gommunication model of the IEC 61400-25
5.4.1 [General
The IEC 61400-25 series defines a communi the monitoring and confrol of

nents made with reference to the
model comprises three separately

wind [power plants, taking
commjunication, on an abstract level.
defingd areas:

— information model,

- in1ormation<c?
-  mapping of t '

communicatio

dndard

The cpommunicatio : bed i i itief may
commumcat icati . iti in the
further and of an
information ] s& ined for

the cdmmunicatign; e_cli o use
and manage

The IEC/64400-25 series leaves it open how and in which physical device the server ig to be
implemented in practice. The objective of the IEC 61400-25 series 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, the IEC 61400-25 series 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, publish /
subscribe, etc.)
Information and
services

defined in FeemmmmmT T

i IEC 61400-25-3 | Wind power
according to the i olant

IEC 61400-25 I )
series Information = | component
r , €.g. wind turbine

Wind pow
information model

(rotor speed, break .-~
status, total power ~~~- ]

production, etc.)

defined in f——=-
\

IEC 61400-25-2 S~

—

Figure 2 — Data processing b

vér (conceptual)

retation via which the serve
er¥plan r the external monitorin
information, and may grant the

acces
When 1MMmodel, the paradigm of object orier
has b . a allows wind power plants to be view,

inform ing of an“appropriate information architecture.

Claus
and th

structure of the wind power plant information
nts shall be modelled as information objects.

The | s the concept of object modelling to represent the sy
and ¢ er plants to communicate with. This means that all
compon orld are identified as objects that have data such as aneé
valueg, bi ands and set points and these objects and data are mappe
gener|c, sentations of the real world components as a wind power

information'moedel:

Break

I may
g and
client

tation
ed as

model

stems
of the
logue
d into
plant

nga real world component down into objects to produce a model of that object in

olves

identifying all of the data and functionality of each component object. Each data has a name
and a simple or complex type (a class) and represents data in the device to be read or
updated.

Instead of dealing with lists of numbered quantities, an object-modelling approach lets us
organise 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

any cl

ient program that knows the information model.

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.
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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.

5.4.3 Information exchange model and relation to wind power plant information models

The information exchange mechanisms rely on standardised wind power information models.
These information models and the modelling methods are the core of the IEC 61400-25
series. The IEC 61400-25 series 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 the IEC 61400-25 series. The
model provides for the wind power plant automation system an image of the real world (power

system _process, generator, etc.)
/_ Logical device

(N

IEC
61400-25

Services

Hides/encapsulates real world

TCP/IP
Network
-
Mapping to
protocol
stack Real
component in
IEC 61400-25 logical IEC 61400-25 wind turbine
node (Rotor) WROT data
(Rotor Speed)
IEC 2145/06
elling approach (conceptual)
The IEC 61400- i information and information exchange in a way that is
indep¢ndent of a congrete nentation (i.e., it uses abstract models). The IEC 61400-25
series| also uses pt of\virtualisation. Virtualisation provides a view of those agpects

of a neal device that\are of ‘interest for the information exchange with other devices| Only
those t Vare required to provide interoperability of devices are defined in the IEC
61400-25 series:

The dpproach of the” IEC 61400-25 series is to decompose the functions into the smallest
entitigs,{which are used to exchange information. The granularity is given by a reas¢nable
distri i iti j j iti called
logical nodes (e.g., a virtual representation of a rotor class, with the standardised 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.
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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 are exchanged
by the services according to the information exchange services defined.

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, etc.

5.4.4| Mapping to communication profile

The ipformation exchange between server and client requires a ication
protoqol on both sides. A specific mapping to a communication profite \defines objects
in thel wind power plant information model and the functions and i i n the
information exchange model are implemented using a specific nplete
commjunication protocol. IEC 61400-25-4 specifies in detai
applied in the IEC 61400-25 series.

Licture
nodel,

The mapping to protocol stacks specified in future |
towards the OSI reference model (ISO 7498-1:1994).

the cqmmunication realised between client and ereas
layer [/, 6 and 5 are concerned wit ol ), the
lower [four layer are concerned with da
6 W
6.1 |General

nodel.

ation is defined, structured and desfribed

This dlause provides alde
Comnjon wind @-
unambiguously from vi

Subcl levant
inform

IEC 6 mmon
data bf the
inform -7-3.

6.2 |Information modelling methodology

6.2.1 Wind power plant information

For modelling purposes, information could be LNs, data or data attributes. Data consists of
data attributes that can be for example the value (of a measurand, state, setpoint etc.),
accompanying name, time, quality, accuracy, unit etc.

A wind power plant comprises different types of information. Besides source data, wind
turbine controllers 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 the IEC 61400-25 series.
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Ta
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ble 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-infermation Continuous-information-concerning-the—current-condition-or-behaviourofa
component or system /TN
Mdasured data (Sampled) value of a process quantity
Prgcessed data Measured value, which has been processed (10m-aver§g(e\§\)\ \
Thyee phase data Measured value of a three phase electric power qu/a{it \/
Contfol information \ \ \ >
Contrgl information Discrete information concerning the curren CONW}BM a
component or system
Command Controllable status for system beha%ur/({nah&l\&a%e, ac\}vate/deactlvate et¢)
Sef point Reference value for a process cpda\qt\i{y) / A
Pafameter Controllable valueﬁsxste?/&ha}}our (é\dj@ew
Deriyed information \ /
Statistical information The result of applyif\ﬁ? stati}ﬁga Ing to a set of data.
Timing data Total time durationk)f a%{ic &%W
Copnting data Toé\l nwe’r/of%&@@nc}s\o} a §\p9>ific event
Chpracteristic data F’Qpehiﬁs o‘f in(fm@at%n\ data pbserved (min, max, average, std. dev, etc.)
Histor|cal informaticy\ %form\t‘ig\n\abob\tﬂ\e\im\\gassed
Log \/ ronolo ical I| t of e}ts/for a specific period of time
Transient log WWO@%I list of high resolution source information for a
/\ Xs\hor of ti
Report \Q:{:f}\%cglflcatlon comprising the information that represent the state and
{\ ‘dia\ta requested in the report control block.
6.2.2 Modelling approach
Because’ all the information categories as listed in Table 3 comprise their own format
propefties, the IEC 61400-25 series has to define a general wind power plant inforn

s and

hation

model. The structure of this top-down view model is hierarchical and based on the modelling
approach as defined in IEC 61850-7-1 Clause 6 (Modelling approach of the IEC 61850 series)
where the basis are described in IEC 61850-7-2:2003, 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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Server !
Logical Device (LD) ||
Logical node (LN) [
Data class
Data class
',/’ i N
Lo Data class ==
—”," l:
'r" ]
"”’ "
Name CDhC Explanation Mandate

Name Type Functional Trigger lye or \M%ndate
constraint optipn G ran
Col mo@a Class attributes

pl

IEC 2146/06

Figure 4 — Structure of wind po t information model

The h|ghest level is called i W (LN).
A logical node consist [ ta, called data classes (DC). Each data
class jinherit a collectio i CDC)
to whijch it is assign . The
most basic deta

6.2.3

A seryer hos S ble be
used {o assig C ogical
devicé i - . The
logical node erQs(h IS jevice
(e.g. |ogica véplate and health) and the logical node physical device (LPHD)
repregents cemim ta of the physical device that is hosting the logical device (e.g. physical

devicg nameplate and health).

6.2.4 —togicatnodes

Within a logical device, all wind turbine information will be distributed in different 'containers’,
called logical nodes. In the IEC 61400-25 series 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 and their extensions are defined in Annex
A of IEC 61850-7-4 and in the Clause 14 of 61850-7-1. The specific LN's are originated by a
physical turbine break down into functional systems (e.g. rotor, transmission, generator, yaw
system, etc), but collections of common information can also be represented in a specific LN
(e.g. alarm log, event log, etc). 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). In the first generation of wind power plant
communications, this data would have been represented as a linear, memory mapped address
space with all data having the same type. In this model, this data is named and has whatever
types are appropriate to represent the underlying data. The specific internal organisation 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. All logical nodes have a standardised
and similar table structure as shown in Table 4. The table represents and visualises the
differgnt data class atiribuies in a logical node.

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

WxxX class \.(r\\\ ) >

Attrihute name Attribute Explanation M/O
type

(\ \\

Data \ \/

Common Information
Data ¢lass name ‘ CDC ‘ Description and range \ j / " |

Statug Information A \ / / \
Data ¢lass name ‘CDC ‘ Descriptign\arh\ggge Q \ N~ )\/ |
Data ¢lass name ‘ CDC ‘ Descriptio{and/[@ge \ |

N/

Analofue Information

Contrpl Information

_\
Data ¢lass name ‘CDC < T\D\e{cripti\or\Q\d r%ge) \\) |
) O/

For the sake of e liance

with the wind power g

In Talyle 5 all data\class attrikt nside a logical node are explained briefly.

<\ \ able 5 < Data class attributes in a logical node
D}ta{lﬁ a\bt\M Description

Attribute\NﬂQe) Name of the data class

Attribute Type 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

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

7.2.1 —Wind power plant information exchange

The primary objective of the wind power plant information exchange u i in the
IEC 611400-25-3 is to exchange information provided by the instantiated info i del of
the vgrious classes, such as Logical Nodes, Data, DataAttributes o Nhe IEM
defings a server that provides:

- anlinstance of the wind power plant information model, and

- required functions including the associated service
etcl) which enable a client to access the instantiated informatio

eport,

The IEC 61400-25 series defines the s & , i issu to the
servel, by sending request messages : < ) m the
servef.

A serper provides access to its wind
clients, as illustrated in Figure 5. Each

with the server.

ultiple
nicate

Physical device C

X

Other
clients

Data

Other clients

L 2 R

Figure 5 — Client and server role IEC 2147/06

As shown in Figure 5, physical devices may implement the client, the server role, or both
roles.
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The client plays the complementary role of the server with regard to the services.

NOTE The IEC 61400-25 series 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 server and how this information can be
sent and received.

7.2.2 Service models

The wind power plant information model in the server supports the access services as
depicted in Figure 6.

P e e e e e e T T e e ]

~

Control, Get/Set >\~¢,

< Control response  1-1 —-:1 -----

7

So

o ————— -

!
i Reporting/«l\ogging/\[« r
i< Gevﬁet%s{)o}sés Ak
1

from process

1
1
i
Input 1
1
1
1
T

IEC 2148/06
The fi > V rovide data that make up the wind power plant information
model. ata Attributes contain the values used for the information exchange. Thg IEM

provid

— coptrol of-external’'operational devices or internal device functions,

- m(fnitoring 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
values to data, control device or function).

Reporting and logging provide the means to autonomously and spontaneously send
information from the server to the client issued by a server-internal event (reporting) or to
store this information in the server for later retrieval (logging).
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