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INTERNATIONAL ELECTROTECHNICAL COMMISSION

COMMUNICATION NETWORKS AND SYSTEMS
FOR POWER UTILITY AUTOMATION -

1

Part 6: Configuration description language for communication
in power utility automation systems related to IEDs

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards,(Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC-National Committee interested
in the subject dealt with may participate in this preparatory work. Interpational, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for interYational use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are“made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held resporsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IECYNational Committees undertake to apply IEC Publications
transparently to the maximum extent possible\in their national and regional publications. Any divergence
between any IEC Publication and the correspeonding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independentcertification bodies.

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

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

8) Attention is dfawn to the Normative references cited in this publication. Use of the referenced publications is
indispensaple for the correct application of this publication.

9) Attention\is' drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patentirights. IEC shall not be held responsible for identifying any or all such patent rights.

DISCLAIMER

This Consolidated version is not an official IEC Standard and has been prepared for
u i . .

)

7

are to be considered the official documents.

This Consolidated version of IEC 61850-6 bears the edition number 2.1. It consists of
the second edition (2009-12) [documents 57/1025/FDIS and 57/1041/RVD] and its
amendment 1 (2018-06) [documents 57/1918/FDIS and 57/1940/RVD]. The technical
content is identical to the base edition and its amendment.
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International Standard IEC 61850-6 has been prepared by IEC technical committee 57: Power
systems management and associated information exchange.

This second edition constitutes a technical revision.

The main changes with respect to the previous edition are as follows:

e functional extensions added based on Phnngnc in _other Parts nqlnnr‘inlly Parts 7-2

and 7-3;

e functional extensions concerning the engineering process, especially for configuration
data exchange between system configuration tools, added;

e provision of clarifications and corrections. Issues that require clarification are published in
a database available at http://tissue.iec61850.com. Arising incompatibilities -are listed
in 8.2.3.

This publication has been drafted in accordance with the ISO/IEC DirectivesjPart 2.

A list of all the parts in the IEC 61850 series, under the general title Communication networks
and systems for power utility automation, can be found on the IEC website.

This IEC standard includes Code Components i.e. components that are intended to be directly
processed by a computer. Such content is any text foundobetween the markers <CODE
BEGINS> and <CODE ENDS>, or otherwise is clearly labeled in this standard as a Code
Component.

The purchase of this IEC standard carries a copyright license for the purchaser to sell
software containing Code Components from this standard directly to end users and to end
users via distributors, subject to IEC software/licensing conditions, which can be found at:
http://www.iec.ch/CCv1.

If any updates are required to the published code component that needs to apply immediately
and can not wait for an amendment(i.e. fixing a major problem), a new release of the Code
Component will be issued and distributed through the IEC WebSite. Any new release of the
Code Component related toxthis part will supersede any previously published Code
Component including the one published within the current document.

The Code Component(s) included in this IEC standard are a set of .xsd. This Code
Component is published through the IEC WebSite; for details see 1.3 of the present
IEC standard.

This consolidated edition brings two distinct sets of changes:

1) Resolved Interop Issues (covered by the table below) which have already followed the
technical issues ( Tissues) process as described in IEC 61850-1 and have reached the
green “status”.

2) Resolved Editorial Tissues which may have lead to interoperability issues.

The resolutions of these issues which lead to these changes are described in greater detail in
the Tissue database hosted at http://tissue.iec61850.com.

The only new features compared to the original IEC 61850-6:2009 are the inclusion of the
Process and Line elements supporting other application areas than substations, and
necessary enhancements to fully support the amended communication related parts. Apart
from this, this consolidated edition strictly respects the scope of the original edition.
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Technical issues summary

N°, Subject, Cat, Clause and Paragraph are as they appear on the Tissue database hosted at
http://tissue.iec61850.com where all technical issues have been stored from the origin of
IEC 61850.

“Subject” defines very briefly the topic under focus.

“Cat” defines whether this has been considered as an Interoperability Issue (IntOp2) or just &
need for amending IEC 61850-6:2009.

The Tissues which have been considered are:

N° Subject Cat Clause Paragraph
658 Tracking related features IntOp2 Annex A
660 XML encoding header repeat Ed2 Annex A.4
663 FCDA element cannot be a IntOp2 9.3.7 Table22
"functionally constrained logical
node"
668 Modeling of autotransformer IntOp2 9.2.4
678, 699 | DO type description table Ed2 Table 43
687 ResvTms attribute at the SGCB Ed2 9.3.12
719 ConfDataSet maxAttributes defineds | IntOp2 9.3.2 Table 11
FCDA elements in data set
721 Log element name IntOp2 9.3.5
731 SCL example inconsistent Ed2 9.3.4§
752 Input section naming Ed2 9.3.13
768 bType VisString65 is missing IntOp2 Annex A
779 Relative object references IntOp2 9.5.4.1
787 SICS 145 inconsistency Ed2 Annex G
788 SICS S56 from optional to IntOp2 Annex G
mandatory
789 ConfLdName for selvices applies to | IntOp2 9.3.2 Table 11
(822) client and server
804 valKind and [ED versus system IntOp2 9.5.4.1
configurator
806 Max fength of log name incosnsten Ed2 Annex A SCL_BaseSimpleTypes
to part7-2
807 Indicate if ‘owner’ is present in RCB | Ed2 9.3.2 Table 11
823 valKind for structured data attributes | IntOp2 9.5.4.1
824 Short addresses at structured data IntOp2 9.3.6, 9.5.4.1
attributes
825 Floating point values IntOp2 9.54.1 Table 45
845 SGCB ResvTms IntOp2 9.3.2 Table 11
853 SBO and ProtNs IntOp2 9.5.5
855 recursive SubFunction Ed2 9.2.7
856 Voltage level frequency and phases | Ed2 9.2.2
857 Function/SubFunction for primary Ed2 9.2.4
equipment
873 Examples for “curvpts” Ed2 9.3.6 end of paragraph

886 Missing 8-1 P-Types Ed2 Annex A
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N° Subject Cat Clause Paragraph
901 tServices at Ap and at IED Ed2 9.3.2 below Table 12
936 SupSubscription parameter usage is | IntOp2 9.3.2 Table 11
difficult
948 Enumeration (string) value format IntOp2 9.5.6
949 type of LN inst is ambiguous Ed2 9.3.5 Table 17
1110 RpLEIIdIUiSLj ij'l’illiliull Elj‘ J.9.0
1147 Filehandling service capability Ed2 9.3.2 Table 11
1195 Typographical error Ed2 9.3.2
1208 IP V6 address format IntOp2 A5
1284 SCSM mapping may require a Ed2 7
communication section in an ICD file
1298 How to differentiate preconfigured Ed2 9.3.2 Table 11
Report data sets from those
generated by the system tool
1304 Error in SCL object model Ed2 Figure 6
1318 SSD will not validate against XSD Ed2 9.2.6 Note 2
1327 SICS: import of SCD by IED tool Ed2 Annex G Table G.1
1328 Limitation of the size of identifiers Ed2 9.5.2,9.5.3(9.5.6
1354 Changes to SICS Ed2 Annex G Tables G.1, G.2
1359 Replace “c37_238" with “61850-9-3” | Ed2 9.3:2
1365 Need to tighten up the XSD in IntOp2 9.2:6 3
regards to IED name usage
1395 Client LN attributes IntOp2 9.3.8
1396 The use and configuration flow of Ed2 9.3.2 Table 11
LGOS and LSVS is Unclear
1397 Subscription limitation visible in IxD>, |'Ed2 Annex G
file
1398 originalSclVersion management in Ed2 9.3.2
SCT
1402 Extref during engineering Ed2 9.3.13, Annex
H(new)
1415 SICS-S110 lIDimport mandatory Ed2 Annex G Table G.2
1419 Support of IdIName on other IEDs Ed2 Annex G Table G.1
1434 Add capability to change nofASDU is | Ed2 9.3.2 Table 11
missing
1444 Need to support fixed and SCT Ed2
controlled data sets
1445 ConfReportControl and a fixed Ed2 9.3.2
reportSettings
1447 Restriction on EnumTypes in SCL Ed2
1448 Not possible to determine the Ed2
restriction on number of BRCBs if
rptMod=both
1450 originalSclXxx computation rules IntOp2 9.3.2
1457 Multiple DOI nodes with the same Ed2
name
1458 New ExtRef attributes for later Ed2

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

e reconfirmed,

e withdrawn,

PY renlaced bv g revised edition _or
Ll J 4

e amended.

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

This part of IEC 61850 specifies a description language for the configuration of power utility
IEDs. This language is called System Configuration description Language (SCL). It is used to
describe IED configurations and communication systems according to IEC 61850-5 and
IEC 61850-7-x. It allows the formal description of the relations between the utility automation
system and the process (substation, switch yard). At the application level, the switch yard
tapolagy itself and the relation of the switch yard structure to the SAS functions (logical

nodes) configured on the IEDs can be described.

While this part describes the language to describe the configuration of IEC 61850 systems,
other parts of the standard describe how to configure the system and possible restrietions.
Therefore implementations claiming conformance to this standard shall take intoy"account
constraints from the other normative references. Some references to the othemparts have
been included for the purpose of clarification but these references are not all inclusive.

NOTE The process description, which is in this standard restricted to switch yards and general process functions,
will be enhanced by appropriate add-ons for wind mills, hydro plants and distributed energyjresources (DER).

SCL allows the description of an IED configuration to be passedfto“a communication and
application system engineering tool, and to pass back the whole system configuration
description to the IED configuration tool in a compatible way. Jts_main purpose is to allow the
interoperable exchange of communication system configuration data between an IED
configuration tool and a system configuration tool from different manufacturers.

IEC 61850-8-x and IEC 61850-9-x, which concern the’ ;mapping of IEC 61850-7-x to specific
communication stacks, may extend these definitions ‘according to their need with additional
parts, or simply by restrictions on the way the values of objects have to be used.
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COMMUNICATION NETWORKS AND SYSTEMS
FOR POWER UTILITY AUTOMATION -

Part 6: Configuration description language for communication
in power utility automation systems related to IEDs

1 Scope

1.1 General

This part of IEC 61850 specifies a file format for describing communication3related IED
(Intelligent Electronic Device) configurations and IED parameters, communication system
configurations, switch yard (function) structures, and the relations between{them. The main
purpose of this format is to exchange IED capability descriptions, and SAJsystem descriptions
between IED engineering tools and the system engineering tool(s) ofcdifferent manufacturers
in a compatible way.

The defined language is called System Configuration description Language (SCL). The IED
and communication system model in SCL is according topnJEC 61850-5 and IEC 61850-7-x.
SCSM specific extensions or usage rules may be required\in the appropriate parts.

The configuration language is based on the Extensible Markup Language (XML) version 1.0
(see XML references in Clause 2).

This standard does not specify individual implementations or products using the language, nor
does it constrain the implementation of entities and interfaces within a computer system. This
part of the standard does not specify the" download format of configuration data to an IED,
although it could be used for part of th€sconfiguration data.

1.2 Namespace name and version

This new section is mandatory for any IEC 61850 namespace (as defined by
IEC 61850-7-1:2011).

The parameters which are identifying this new release of the SCL namespace
xmlns:scl="http://www.iec.ch/61850/2003/SCL" are:

e Namespace Version: 2007

o Nameéspace Revision: B

e Namespace Release: 4

o[ ;Namespace release date: 2018/01/22

The-table-below-provides-an-overdew-of-allpublished-versions-efthis-namespasce
Edition Publication date Webstore Namespace
Edition 1.0 2004-03 IEC 61850-6:2004 IEC 61850-6:2003
Edition 2.0 2009-12 IEC 61850-6:2009 IEC 61850-6:2007B
Amendment 1 of Edition 2018 IEC 61850-6:2009/AMD1:2018 IEC 61850-6:2007B4
2.0
Edition 2.1 2018 IEC 61850-6:2009+AMD1:2018 CSV IEC 61850-6:2007B4
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1.3 Code Component distribution
The Code Components included in this IEC standard are also available as electronic machine

readable file at:
http://www.iec.ch/tc57/supportdocuments/IEC_61850-6.2018.SCL.2007B4.full.zip

The Code Component(s) included in this IEC standard are potentially subject to maintenance
works and user shall select the latest release in the repository located at:

http://www.iec.ch/tc57/supportdocuments

The latest version/release of the document will be found by selecting the \file
IEC_61850-6.2018.SCL.{VersionStatelnfo}.full.zip with the filed VersionStateInfo fOthe
highest value.

Each Code Component is a ZIP package containing the electronic representation)of the Code
Component itself, with a file describing the content of the package (IECManifest.xml).

The IECManifest contains different sections giving information on:

— The copyright notice

— The identification of the code component

— The publication related to the code component

— The list of the electronic files which compose the code component

— An optional list of history files to track changes during the evolution process of the
code component

The IECManifest related to this publication is:

<IECManifest xmlIns="http://www.iec.ch/CC/2017/IECManifest" xmlins:xsi="http://www.w3.0rg/2001/XMLSchema-
instance" xsi:schemalLocation="http://www.iec.ch/C€#2017/IECManifest IECManifest.xsd">
<Copyright>
<Notice>
COPYRIGHT (e)\IEC, 2017. This version of this XSD is part of IEC 61850-
6:2009/AMD1:2018; see the IEC 61850-6:2009/AMD1:2018 for full legal notices. In case of any differences
between the here-below code and .the, IEC published content, the here-below defintion supersedes the IEC
publication; it may contain updates..See history files. The whole document has to be taken into account to have a
full description of this code component.
See www.iec.ch/CCv1 for copyright details.
</Notice>
<Licenséuri="www.iec.ch/CCv1">IEC License</License>
</Copyright>
<CodeCompohent id="IEC_61850-6.2007B4.SCL.XSD" name="IEC 61850-6 SCL schema V2007B4"
content="full" date="2018-01-22">
<Publication name="IEC_61850-6.2018_ed2.1" comment="Configuration description language
for communication”in power utility automation systems related to IEDs"/>
<File name="SCL.xsd" category="normative" content="full"/>
<File name="SCL_Substation.xsd" category="normative" content="full"/>
<File name="SCL_Communication.xsd" category="normative" content="full"/>
<File name="SCL_IED.xsd" category="normative" content="full"/>
<File name="SCL_DataTypeTemplates.xsd" category="normative" content="full"/>
<File name="SCL_BaseTypes.xsd" category="normative" content="full"/>
<File name="SCL_BaseSimpleTypes.xsd" category="normative" content="full"/>

<Eillg namao="SCI| _I:nume_verl" nofcgnry—"nnrmafiua" contant="full"/>
<File name="SCL.Doc.HTML.zip" category="normative" content="full" comment="Zip archive
containing the HTML documentation of the SCL. Contains the 'SCL.html' file and all related pictures"/>
<HistoryFile name="history.2007B4.txt" startingDate="2014-06-11" endingDate="2017-07-05"
startingVersion="SCL.XSD.v2007B" endingVersion="SCL.XSD.v2007B4"/>
</CodeComponent>
</IECManifest>

The package is identified using the following naming rule:
{RefStandard}.{CodeComponentName}.{VersionRevision}.{LightFull}{PublicationStage}.zip
For current publication, the Code Component package name is:
IEC_61850-6.2018.SCL.2007B4.full.zip
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The life cycle of a code component is not restricted to the life cycle of the related publication.
The publication life cycle goes through two stages, Version (corresponding to an edition) and
Revision (corresponding to an amendment). A third publication stage (Release) allow
publication of Code Component without need to publish an amendment.

This is useful when InterOp Tissues need to be fixed. Then a new release of the Code
Component will be released, which supersedes the previous release, and distributed through
the IEC TC57 web site.

2 Normative references

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

IEC TS 61850-2, Communication networks and systems in substations =Part 2: Glossary

IEC 61850-4, Communication networks and systems for power utility automation — Part 4:
System and project management

IEC 61850-5, Communication networks and systems for.pewer utility automation — Part 5:
Communication requirements for functions and device models

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

IEC 61850-7-3, Communication networks and systems for power utility automation — Part 7-3:
Basic communication structure & Common data classes

IEC 61850-7-4, Communication networks and systems for power utility automation — Part 7-4:
Basic communication structure — Compatible logical node classes and data object classes

IEC 61850-8-1, Gommunication networks and systems for power utility automation — Part 8-1:
Specific communication service mapping (SCSM) — Mappings to MMS (ISO 9506-1 and ISO
9506-2) and-to-/SO/IEC 8802-3

IEC 61850-9-2, Communication networks and systems for power utility automation — Part 9-2:
Specific' communication service mapping (SCSM) — Sampled values over ISO/IEC 8802-3

IEC IEEE 61850-9-3, Communication networks and systems for power utility automation —

Part 9-3: Precision time protocol profile for power utility automation

IEC 81346-1, Industrial systems, installations and equipment and industrial products —
Structuring principles and reference designations — Part 1: Basic rules

ISO/IEC 8859-1, Information technology — 8-bit single-byte coded graphic character sets —
Part 1: Latin alphabet No. 1

RFC 1952, GZIP file format specification version 4.3, RFC, available at
<http://www.ietf.org/rfc/rfc1952.txt>
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RFC 2045, Multipurpose Internet Mail Extensions (MIME) Part One: Format of Internet
Message Bodies, RFC, available at <http://www.ietf.org/rfc/rfc2045.txt>

Extensible Markup Language (XML) 1.0, W3C, available at <http://www.w3.0rg/TR/2000/REC-
xml-20001006>

XML Schema Part 1: Structures, W3C, available at <http://www.w3.0rg/TR/2001/REC-
ymlschema.1.20010502>

XML Schema Part 2: Datatypes, W3C, available at <http://www.w3.0rg/TR/2001/REC-
xmlschema-2-20010502/>

3 Terms and definitions
For the purposes of this document, the terms and definitions given in IEC 61850-2 apply.

Additionally the following terms are used in the context of languageyname spaces. Only
general meanings are given here. More details about the handling in‘the context of SCL can
be found later in this standard.

3.1

extensible

a language is extensible if instances of the language can include terms from other
vocabularies

Note 1 to entry: This is fulfilled in SCL if the other vocabularies come with their own XML name space.

3.2

language

an identifiable set of vocabulary terms‘that has defined constraints. For the purpose of this
standard, the language is SCL.

Note 1 to entry: This is the case with SEL, although some constraints are not definable in the XML schema.

3.3
instance
a realization by usage-aof ,a language

Note 1 to entry: For example, an XML document in SCL describing an IED or a substation is an SCL instance.

3.4
sender
a tool that.creates or produces an instance for processing by another application (receiver)

Note 1 t0 entry: SCL senders are typically IED and system configuration tools; e.g. the IED tool sends (produces)
ICD,files, the system tool sends SCD files.

3.5

receiver
a tool that consumes an instance which it obtained from a sender

Note 1 to entry: SCL receivers are IED tools and system configuration tools; e.g. the IED tool receives SCD files,
the system tool ICD, IID, SSD and SED files.

3.6

processor

a component which receives SCL instances and produces new instances, i.e. is sender and
receiver
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Note 1 to entry: This is typically the system configuration tool.

3.7
project
a system part with engineering responsibility for all contained |IEDs

Note 1 to entry: Mostly a system is a project. However, sometimes the IED engineering responsibility of different
parts of a system belong to different parties or people. Each IED responsibility area is then a separate project. An

ED can belong only to one project, It s ‘owned’ by this project

3.8

backwards compatible

a language change is backwards compatible, if newer receivers can process all instanégs of
the old language

Note 1 to entry: For SCL this means that tools built for newer language versions can understapdiinstances from
older versions. Especially system tools should understand old ICD and SSD files, while YWED tools should
understand old SCD files to be backward compatible.

3.9

forward compatible

a language change is forward compatible if older receivers can process all instances of the
newer language

Note 1 to entry: For SCL this means that tools built according to older SCLi.versions can also process instances of
newer SCL versions. Especially old system tools should handle new ICGByand SSD files, while old IED tools should
handle new SCD files to be forward compatible.

3.10
language version
the version of the XML schema defining the language

Note 1 to entry: A language instance is produced. according to a language (schema) version, which is called its
assigned version, although it may also be valid against other language versions.

4 Abbreviations

In general, the glossary and\“abbreviations defined in IEC 61850-2 apply. The following
abbreviations are either exclusive to this standard, or particularly useful for understanding this
standard and are repeated. here for convenience.

BDA Basic DATA Attribute ( i.e. not structured)
CIM Common Information Model for energy management applications
DAI Instantiated Data Attribute
DO DATA in IEC 61850-7-2, data object type or instance, depending on the context
DOI Instantiated Data Object (DATA)
ICT IED Confiuration Tool
1D Identifier
L 1ED  Intelligent Electronic Device
IdInst Instance identification of a Logical Device as part of its name
Inlnst Instance number of a Logical Node as part of its name
MSV Multicast Sampled Value
MsvID ID for MSV (Multicast Sampled Value)
RCB Report Control Block
SCL System Configuration description Language
SCT System Configuration Tool

SDI Instantiated Sub-DATA; middle name part of a structured DATA name
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SDO Sub-DATA within a DOType, referencing another DOType
SED System Exchange Description
UML Unified Modelling Language according to http://www.omg.org/uml
URI Universal Resource ldentifier
UsvID ID for USV (Unicast Sampled Value)
XML Extensible Markup Language

5 Intended engineering process with SCL

5.1 General

Engineering of a substation automation system may start either with the allocation of
functionally pre-configured devices to switch yard parts, products or functionss, or with the
design of the process functionality, where functions are allocated to physical\devices later,
based on functional capabilities of devices and their configuration capabilities> Often a mixed
approach is preferred: a typical process part such as a line bay is pre-engineered, and then
the result is used within the process functionality as often as needed("For SCL, this means
that it must be capable of describing:

a) a system specification in terms of the single line diagram, andallocation of logical nodes
(LN) to parts and equipment of the single line to indicate the-needed functionality;

b) pre-configured IEDs with a fixed number of logical nodes (LNs), but with no binding to a
specific process — may only be related to a very general’process function part;

c) pre-configured IEDs with a pre-configured semantic for a process part of a certain
structure, for example a double busbar GIS line feeder, or for a part of an already
configured process or automation system;

d) complete process configuration with all-AEDs bound to individual process functions and
primary equipment, enhanced by the.access point connections and possible access paths in
subnetworks for all possible clients;

e) as item d) above, but additionally with all predefined associations and client server
connections between logical nodes on data level. This is needed if an IED is not capable
of dynamically building assogiations or reporting connections (either on the client or on the
server side).

Case e) is the complete case. Both cases d) and e) are the result after SAS engineering,
while case a) is a functional specification input to SAS engineering, and b) and c) are possible
results after IED pre-engineering either for a typical usage of the IED, or for a specific usage
within a project.

5.2 Scope of SCL

The scope*of SCL as defined in this standard is clearly focused on these purposes:

1) .SAS functional specification (point 5.1 a) above),
2)-/IED capability description (points 5.1 b) and 5.1 ¢) above), and

2\ [« 2\ + A H H L 1t L 4 A\ A |
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These purposes shall provide standardized support to system design, communication
engineering and to the description of readily engineered system communication for device
engineering tools.

For practical purposes, the following is also supported:
1) exchange of system interfacing information between two projects handling two systems,
which need to exchange data;

2) exchange of IED modifications on an IED instance engineered specifically for a project
back from the IED tool to the system tool.
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This is achieved by defining an object model describing the IEDs, their communication
connections, and their allocation to the process functions and equipment, as well as a
standardized way to describe how this model shall be represented in a file to be exchanged
between engineering tools. The resulting object model could also be the base for other
engineering tasks, possibly with some additions. Therefore, and because of the additional
needs of SCSMs, this standard considers the language as defined here as the core model,
and defines how extensions of this core model for SCSMs as well as other (engineering)
purposes can be carried out in a standardized and compatible way. IEC 61850-4 gives an

overview about the complete system lite cycle.

5.3 Use of SCL in the engineering process

Figure 1 explains the usage of SCL data exchange in the above-mentioned engineering
process. This is just a part of the overall engineering process and the complete system life
cycle as described in IEC 61850-4. The text boxes in Figure 1 above the dashed.liné indicate
where SCL files are used. The text box /IED capabilities corresponds to a resultiof’steps 5.1 b)
and 5.1 ¢) above, the text box System specification corresponds to step 5.1<@) above, the text
box Associations... refers to steps 5.1 d) or 5.1 e) above.

To make the engineering tasks and responsibilities clear, tool roles @re’introduced for an IED
configurator and a system configurator. Clause 10 providesymore details about the
engineering rights of the tool roles. A tool implementation capn{have both roles. In this case
the transfer of partly engineered data within the tool is private,-but to any other (mostly to an
IED tool) it has to be seen from the role the tool has played*when modifying the project data,
i.e if the modification was done in the scope of an IED toeol,-or in the scope of a system tool.

The IED Configurator (ICT) is a manufacturer-spéecific, may be even IED-specific, tool that
shall be able to import or export the files defined’by this part of IEC 61850. The tool then
provides IED-specific settings and generates/1ED-specific configuration files, or it loads the
IED configuration into the IED.

An |ED claiming conformance to the IEC'61850 series shall fulfil the following:

e it is accompanied either by an (ICD) SCL file describing its capabilities, or by an (lID) SCL
file describing its project specific configuration and capabilities, or by a tool, which can
generate one or both of these file types from or for the IED (not shown in Figure 1);

e it can directly use a system SCL (SCD) file to set its communication configuration, as far
as setting is possible in this IED (i.e. as a minimum, its needed communication
addresses), or itds;accompanied by a tool which can import a system SCL file to set these
parameters to the 1ED.

The System Configurator (SCT) is an IED independent system level tool that shall be able to
import or export configuration files defined by this part of IEC 61850. It shall be able to import
configuration files from several IEDs of one or several manufacturers, as needed for system
level engineering, and used by the configuration engineer to add system information shared
by different IEDs. Then the system configurator shall generate a project-related configuration
fileyas defined by this part of IEC 61850, which is fed back to the IED Configurator for system-
reltated IED configuration. The System Configurator should also be able to read a System

cpp(‘ifir‘a’rinn file for example as a base for starting system engineering or to compare it with
an engineered system for the same process part.
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Figure 1 — Reference model for information flow in the configuration process

The part of Figure 1 below the dashéd line indicates the ways in which IED configuration data
produced by means of the IED_configurator can be brought into the IED. This can be effected

by:

e local communicationnfrom an engineering workstation connected locally to the IED. This
data transfer is beyond the scope of this standard.

e remote file transfer, for example by the file transfer method of IEC 61850-7-2. The file
format is not.defined within this standard, but SCL format is a possible choice at least of a
part of thel configuration data.

e access\services to parameter and configuration data defined according to IEC 61850-7-2.
In this\case, the standardized methods according to IEC 61850-7-x shall be used.

NOIE -t is not in the scope of this standard to define any details of concrete software tools, which support an
engineer in doing the intended engineering process with SCL as described above. Both the system configurator as
well as the IED configurator introduced above are conceptual tools, respectively tool roles to illustrate the use of
different SCL file variants in the engineering process. Each manufacturer is completely free to find the best way to

support engineers by a specific software tool. In addition, complete freedom of choice is given in the way in which
software tools for the above described engineering process with SCL will store manufacturer-specific internal
parameters for IEDs and SA system aspects not covered by the scope of IEC 61850 (e.g. the relation of logical
data to pins on a physical board), and how they relate them to the IEC 61850 data model.

Figure 1 gives a static view of file type exchange between tool roles. The sequence of data
exchanges between engineering tools during the engineering process can then be as follows
(see Figure 2):
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Figure 2 — IED type description to System Configurator

At start of system engineering the IED capability (ICD) files are used by the system
configurator as IED template (type) description to instantiate project specific IEDs as needed.
As Figure 2 shows, this ICD file can be generated in advance as typical configuration of an
IED by means of the IED configurator tool;;as typically done for very flexibly configurable
IEDs.

Alternatively the system configuratorccan also import the description of an IED specifically
preconfigured with name and addresses for a concrete function in the process by importing an
Instantiated IED Description (lID).file, as indicated in Figure 3.

The SCD file generated by the system configurator tool is then imported by the IED
configurator for the final lED instance configuration, as shown in Figure 2 and Figure 3. Any
add-ons or adapted values could then be exported by means of the IID file, and thus brought
back to the system_configurator respective the next revision of the SCD file — see next
subclause on IED _modifications.
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Figure 3 — IED instance description to'System Configurator

5.4 IED modifications

During the engineering process it may happenythat the IED-related data has to be changed.
This can in principle be done by removing/the IED from the system, and reinstantiating a
modified |[ED description file in the system. However, in this case also all existing references
from or to the IED are lost and have to be re-established. On the other hand, tool
responsibilities shall be clarified as follows:

The IED configurator is responsible for the IEDs data model, and all its configuration values. It
is not allowed to change any-data flow- and communication-related definitions coming from
system engineering. To assure this, it shall not modify a system description (SCD) file.

The System configurator is responsible for the communication addressing and the data flow
between the IEDs; within the scope of the IED capabilities. It might set configuration and
parameter valueshas needed from the system point of view. It is not allowed to change the
IEDs data model:

Therefore-another SCL file is defined, allowing to update the IED data within a system. It is
called~iD file (Instantiated IED Description), and describes the project specific configuration
of @n-1ED. In the case that this IED does not exist in the SCD file, it can be imported
completely and instantiated as a project specific IED, without any references to other IEDs
(see also Figure 3). In the case that it exists already, the data model part inclusive any values

can reptace the appropriate parts_existing i the systenm configurator— At data—flfow-retated
definitions and references to other IEDs, which exist in the system configurator, shall still be
valid. The IED configurator is not allowed to make changes which modify the already
configured data flow and communication addresses. Especially, no names shall be changed,
and no referenced parts of the data model shall be deleted. The general process is shown in
Figure 4.
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Figure 4 — Modificatiofizprocess

At the start of system engineering the IED capability (ICD) files are used by the system
configurator to instantiate project specific IEDs)as needed (1). The resulting SCD file is then
imported by the IED configurator for the final IED configuration (2). Any add-ons or adapted
values could then be exported by means-of the IID file, and thus brought back to the system
configurator respective the next revisionof the SCD file (3).

To allow detection of a modified«file, the IED owner within the IID file should be set to the
header identification of the SCD{ile, which was the input to IED engineering before.

5.5 Data exchange between projects

As far as the engingering responsibility is concerned, a complete secondary system can be
split into different parts. Examples include but are not limited to separate engineering of high-
voltage level and medium-voltage level, of a transformer-related part, of separate bays, or
even of different substations exchanging data e.g. for line protection or interlocking. For the
purposes ofithis standard, such a system part with responsibility for all its contained IEDs is
called a<project. To allow the engineering of online communication data flow between such
projects;~some interfacing data has to be exchanged between the projects, and the
engiteered interfaces have to be reimported to the concerned projects.

NOTE 1 From a statical point of view a project can be considered as a responsibility area. As the exchange of

information between resnonsibility areas is carried out in nrocesses the term proiectis used here
1 Y ™ y =7

To facilitate this engineering data exchange, the following rules are set up.

a) An IED always belongs to a project. Only people and tools belonging to the project are
allowed to configure the IED, especially handling of data transfer between the project data
base of the system tool and the IED tool. The owner project has full engineering rights on
the IED.

b) A project can transfer to another project the right to add definitions for data flow from
some of its IEDs (IED check out). This has to be accompanied by a description of those
parts of the IED which are allowed to be used and enhanced by the other project. This
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transfer of ‘data flow’ engineering rights blocks any modification of the exported IED in the
owner project. Before this IED can be modified within the owner project, the ‘data flow’
engineering right has to be transferred back to it (IED check in), normally with some
added data flow definitions.

c) To not lose already engineered references on such exported |IED parts, parts of
referenced IEDs have also to be exported as fix IEDs. These are not allowed to be
changed by the importing project, and must be reexported unchanged when the ready
engineered 1ED is transferred back to the owner project

d) Needed parts of the Substation section and communication section shall be exported.
From the Substation section only full bays shall be exported, although they shall contain
only LN links to exported IEDs. The importing project is only allowed to add logical-node
links to the substation, or add a part of its own substation section. Furthermore,-it is
allowed to add addresses in the exiting subnetworks and own subnetworks-to the
communication section. It is up to the project engineer to ensure that objects\entered by
him also have unique names in the exporting project, and that the entered.addresses are
unique within the full Subnetwork.

The transfer of rights occurs by means of an SCL file, called a SED)\(System Exchange
Description) file. This file also contains the transferred engineering rights’(fix, or dataflow) and
the IED engineering capabilities (e.g. number of data sets and contrel blocks allowed to be
used by the receiving project).

The parts of an IED exported with dataflow rights shall be)ffozen for engineering at the IED
owner project (after IED check-out), until the using projéct transfers it back by means of
another SED file (IED check-in). The file transferred back shall have the same SCL Header
identification as the originally exported file but with anincreased revision index.

The Header identification of an SCD file is takeh as project identification, and therefore it is
always different to that of a SED, which jdentifies an engineering data transfer between
exactly two projects. The SCD Header identification is used within a SED file to identify the
owner project of an |ED.

The transfer and handling of the dataflow and fix rights is defined in the state diagrams of
Figure 5 for the project owning the*|IEDs as well as for the receiving project. Observe that the
full engineering right always stays in the owner project.
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Figure 5 — Engineering rightchandling in projects

The state diagram on the left shows the intetnal states in the IED owner project, when
exporting and importing owned IEDs via SEDfile. The right / lower state diagram shows the
IED states of imported / exported IEDs at\the receiving project, which is not the owner of the
IEDs. The src property defines whether/the IED owner is the own project or some other
project.

Example: the owner project exports an IED with engineering right fix. In this case itself
contains full engineering rights— however also to inform the other project in case something
relevant for it is changed. Jhe other project then imports this IED. As the IED right is fix, it is
not allowed to change anything at the IED, however it will use it as destination IED for some
of its own IEDs whichne€ed to send data to it. When ready, the imported IED as well as any
IEDs from the other\ project sending data to it are exported as SED file and imported in the
owner project, which now can complete the IED engineering to receive the data from the other
project.

The detailed engineering rights in terms of SCL elements are described in Clause 10, after all
elemenis-have been introduced. It is recommended, that the temporary fix state of an IED with
exported dataflow engineering rights is also shown in the SCD file, if a SCD is produced from
the'project at that time.

If aral ut

ro tha camana nNrAaiAn~ roacnancihility,
T

FW-X P neod within t H 1o thn aof thao
H—seve s—are—used—within—the—sameprojeet—itis—the—respensibilityoefthe
engineer(s) to use them in such a way, that the system description generatable as an SCD file
stays consistent. It is a project internal issue if in this case also the rights transfer mechanism

is used within the project.

NOTE 2 The engineering rights transfer can be considered as a checking out of the IED to a specific project, with
later checking in again, after the data flow modifications have been done in the other project. Only one (other)
project at a time is allowed to engineer the IED.
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6 The SCL object model
6.1 General
The SCL language in its full scope allows to describe a model comprising:

e the primary (power or process) system respective function structure: which primary
apparatus functions are used, and how the apparatus are connected. This results in a

designation of all covered primary equipment like switchgear as utility (automation)
functions, structured according to IEC 81346-1;

e the communication system: how IEDs are connected to subnetworks and networks, and-at
which of their communication access points (communication ports) with which addresses;

e the application level communication: how data is grouped into data sets for sending, how
IEDs trigger the sending and which service they choose, which input data from“other IEDs
is needed;

e each IED: the logical devices configured on the IED, the logical node instances with class
and type belonging to each logical device, the reports and their dataycontents, the (pre-
configured) associations available; and which data shall be-logged; further IED
engineering capabilities;

¢ instantiable logical node (LN) type definitions. The logical nedes as defined in IEC 61850-
7-x and other domain standards have mandatory and optiohal DATA (here abbreviated
DO, DATA objects) as well as optional services, and arerherefore not instantiable. Further
it is allowed to add user defined DATA. In this standard therefore instantiable LNTypes
and DOTypes are defined as templates, which conidin the really implemented DOs and
services;

e the relations between instantiated logical nodes and their hosting IEDs on one side and
the process 7 switch yard (function) parts en‘the other side.

SCL allows the specification of user defined*DOs as an extension of standard LN classes as
well as completely user-defined LNs acéording to the rules of IEC 61850-7-1. This means that
the appropriate name space attributes;shall be defined in the logical node types, and their
value shall appear in the SCL file.

An SCL file describes an instance of the model in a serialized form and standardized syntax.
However its semantic can only be fully understood by reference to the model itself, i.e. it is
independent from the syntax. Clause 6 therefore gives an overview of the model by using
UML notation. The fallewing clauses then define how an instance of the model is formally
described in SCL.

The UML object\model is contained in Figure 6. Note that it is not complete in the modelling
sense, i.e. it does not show any superclasses from which the used classes may be derived, or
any attributes. It restricts itself to those concrete object types that are used within a SCL
instance-file, in the case of the substation-related part, mainly for the purpose of functional
designation. Furthermore it does not contain the levels below DATA (DOs), which are
structurally defined in IEC 61850-7-2 and whose SCL description is defined in the
DataTypeTemplates clause.

The object model has three basic parts:

1) Substation / Line / Process: this part describes the primary process related functions
and devices like switch yard, respectively any primary process in the functional view
according to IEC 81346-1, electrical connections on single line level (topology), and
the designation of equipment and functions;

2) Product: this stands for all SA product-related objects such as IEDs and logical node
implementations;

3) Communication: this contains communication-related object types such as
subnetworks and communication access points, and describes the communication



https://iecnorm.com/api/?name=6ec872c88e2a7706734421d0a48fb6ef

IEC 61850-6:2009+AMD1:2018 CSV - 27 -
© IEC 2018

connections between IEDs as a base for communication paths between logical nodes
as clients and servers.

Additionally, the data type template section allows, in a type-oriented (i.e. reusable) way, the
specification of which data and attributes really exist in an IED. A logical node type as
specified there is an instantiable template of the data of a logical node.

More model details contained in SCL, for example the structure within the logical nodes, are

described in IEC 61850-7-x.

Function & Subfunction I:l Functional/substation stricture
1 <> L | Product/IED structure
I:l Communication strugture
>— T \ ?

ransf%er
Substation -
Q K 61 6 v }/ Equipment <1> SUb]i)%mpment
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1 Voltage |~} | Bay A T T
level 1
1 1 0.2 | [ [
Terminal | CBR | | DIS | | VIR |
¥
ConnectiyityNode
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0%
LNode x>—— Data
0% Client ac I11tS 0..* 1 1.*
A Poi 1% 1 1
ccessPoint -
/* \(*\.\ 0,1 < Server <>—1 LDevice
Subnetwork 0T Router
IED 5
>1  Clock

IEC

Figure 6 — SCL substation object model

The process / substation part and the product part in itself form hierarchies, which are used
for naming and can be mapped to the functional and product structures according to
IEC 81346 (alleparts). The communication model part just contains the communication
connection relations of IEDs to subnetworks, between subnetworks by means of routers at an
IED, and theplacement of master clocks at the subnetworks for time synchronisation. The
modelling.of gateways is not especially considered. A gateway which is an IEC 61850 server
has to’de modelled like any other IEC 61850 compliant IED. The Proxy DO in the LPHD
logical’/node makes it possible to specify whether a hosted LD is an image of another IED, or
belongs to the hosting IED. A gateway being an IEC 61850 compliant client should host an
ITCI logical node.

As Figure 6 shows, the logical node (abbreviated as LN or LNode) is the transition object
which is used to connect the different structures. This means that the LN instance as a
product also has a functional aspect within the switch yard functionality and a communication
aspect as a client or as a server within the substation automation system.

The process / substation functional objects as well as the product-related objects are
hierarchically structured. Each higher level object consists of lower level objects. This
hierarchy is reflected in the designation structure of the objects according to IEC 81346-1.
The function structure of IEC 81346-1 shall be used, and the designation coding of
IEC 81346-2 should be used in the process / substation objects, while the IEC 81346-1
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product structure should be used for IED designation structure and the IEC 81346-2 codes for
the name values.

In SCL, it is foreseen that within each structure for nearly all objects, two kinds of designation
are possible.

e A name is used as (a hierarchical part of) a technical key to designate the object. Each
object within a hierarchy has an attribute name, which contains its identification within this

level of the hierarchy. Technical keys are used in technical documentation for building and
maintaining the system, or for automatic processing of engineering-related information.
This designation is also used in SCL to describe links between different model objects| In
this case, as far as possible, the attribute containing the link gets a name of theé/form
<targettype>Name, for example daName for a link to a DATA attribute. This name-relates
to and is mostly identical to what is called name in IEC 61850-7-2.

e A description part is used as (a hierarchical part of) an operator- or userérelated object
identification. An object within a hierarchy has an attribute desc, which contains its textual
description part within the hierarchy. Textual identifications are for_€xample used in
operator interfaces and operator manuals.

NOTE The desc SCL attribute is used at engineering time, and identifies a (functional) object at its hierarchy level
to a human being. The IEC 61850 d DATA attribute is used for describing data, and Could also be read online. The
contents of desc attributes could be used to generate a project specific (SCD)-~d-text from a template (ICD) d text.
This is however not standardized.

A reference within SCL is, as defined in IEC 61850-7-2, a.unique identification of an object,
containing as a path the concatenation of all names in‘the hierarchy levels above, up to the
level of the object. For the connection of power §ystem equipment within a single line
diagram, this path is used explicitly, while for other _references it is used implicitly by stating
only missing name parts. For forming names according to IEC 61850-7-2, the term instance
with the abbreviation inst is also used. It is a~part of a IEC 61850-7-2 name, making the full
name (path name) unique within this level (seevexamples in 8.5).

The following subclauses describe the~different parts of the model, their meaning and
respective usage. Object attributes” are mentioned here only if necessary for the
understanding of the model. Further‘object attributes are described later in the SCL definition.
Further model details belonging;to IEC 61850-7-x and especially explained in IEC 61850-7-1
and IEC 61850-7-2 are purpdsely not shown here. The name model of the switch yard
functionality is however onlyfound in this part of IEC 61850, and therefore shown as far as it
is used within this part of IEC 61850.

Figure 7 shows an.instance of this model: a simple example of a SA system used for a switch
yard. The naming. is performed according to the IEC 81346 series. The switch yard has a
110 kV voltagelevel E1. It is a double bus bar system with two line bays =E1Q1 and =E1Q3,
and a bus coupler =E1Q2. The IEDs are already assigned to switch yard functionality (for
example.the bay controller -E1Q1SB1 as a product is assigned to bay =E1Q1, and its LN
CSWIt eontrols the circuit breaker =E1Q1QA1 via the LN XCBR1 on the IED -E1Q1QA1B1).
Observe that in IEC 81346-1 terms, in this instance the bay is a transition object, i.e. it has a
funetion (= sign, at switch yard level), and it is considered to be a part of the switch yard as a
product. This transition can be seen in an SCL description in the name structure of the IED
name. Only the transition at the logical node is modelled explicitly. Figure 7 shows with the —

(Minus) sign the product-related designation. The functional name is not repeated. The station
level communication subnetwork is named W1. There are three additional subnetworks at
process level (W2, W3, W4). Access points are seen in the picture, but their designations are
not shown. Logical devices and servers are also not shown in the picture. This means
especially that dynamic connections such as associations are not shown.
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Figure 7 — SA System Configuration example
6.2 The process model

The process model (upper part of Figure\6 for substations) is an object hierarchy based on
the functional structure of the primary,process. A special primary process is the Substation,
which has its own SCL element. Another is the Line, which connects electrically bays of
substations. The generic Process\element shall be used to model any additionally needed
structuring levels of a power grid above the substation and for all other primary processes.
Although each object is self-contained, its reference designation is derived from its place in
the hierarchy. Because LNs’perform functions within the complete context of the Process /
Substation respective Line hierarchy, they can be attached as functional objects at each
function level. Typically; a switch controller LN is attached to a switching device, while a
measuring LN is attached to the bay, which delivers the measurands, and transformer-related
LNs are attached\to‘the appropriate transformer.

NOTE 1 In the €IM model measurands are allocated to primary device terminals. This is a topological allocation,
while the allocation in SCL in first line serves functional naming. However, if the single line topology is modelled
completely,"\by means of the transformers (VTR, CTR) and their data acquisition nodes (TVTR, TCTR) also some
primapy~device terminal in the topology can be found to which the measurands belong according to the CIM model.

The'purpose of the process model is

. to ralata 3 laoaical node and-ite function to-a function of or at tha nrimarvy nracace (Nracrace
to—+erate——a—+ogtcar—HoaeaheaHS1HhReHo R+t a+HRecHe Ao+ or—atr+—me—pHhay-— P

part or substation part or line part or equipment or subequipment);

e to derive a functional designation for the logical node from the process structure.

The following objects of the functional structure (in hierarchical order) are used in the SCL
model, for power networks analogue to the CIM model for energy management systems. More
background information on these terms can be found in IEC 61850-2:

Process the whole or part of the primary process handled by the automation
system, which is no substation. Can be parts of the power grid containing
several substations, or complete other primary processes like power
plants.
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Line a line connecting several substations.
Substation the object identifying a whole substation.
VoltagelLevel an identifiable, electrically connected substation part having an identical
voltage level.
Bay an identifiable part or subfunction of the switch yard (substation) within
one voltage level.
= H = £ + H o P o Hal A £ e | H H 3 | [
I_\,IUIHIIIUIIL dart OHHGIOLUO \AALYRLLE aTre =AAALLYA N yalu, LAY A UI\GIIIVIU wiTouuTt MTUOCANTT,

disconnector, voltage transformer, power transformer winding etc. The
single line diagram of a switch yard shows the electrical connectipns
between these primary devices. Connectivity node objects model these
connections. Therefore, each primary device can contain at its terminals
references to the connectivity nodes to which it is connected. At single line
level, one or two terminals (connections) per equipment aré."normally
sufficient.

SubEquipment a part of an Equipment, which might especially be one phase of a three-
phase equipment.

ConnectivityNode the (electrical) connectivity node object connesting different primary
devices. Typical connectivity node examples are! connecting nodes within
a bay, bus bars connecting several bays in the)same voltage level, lines
connecting bays in different substations. See\also Equipment above.

Terminal an electrical connection point of a primarytapparatus at single line level. A
terminal can be connected to a ConnectivityNode. Within SCL terminals
can be explicitly named, or exist implicitly.

Function allows additional functions at substation, voltage level or bay level, either
independent from the basic, switch yard functionality like fire fighting or
building supervision, or as-part of the switch yard like main 1 protection
and main 2 protection.

SubFunction a hierarchical subpart\of a Function or SubFunction, e.g. earth fault
protection as subpartof the main 1 function.

EqFunction allows additional‘functions at or below Equipment level, e.g. redundant
functions on the, same equipment.

EqSubFunction a hierarchical“subpart of an EqFunction or EqSubFunction.

The PowerTransformer_is“special equipment, which can hierarchically be located below
Substation, VoltagelLevélyor Bay. It contains Transformer windings as equipment, which might
again have a relation to 'a tap changer.

NOTE 2 Observe. that the hierarchical structure is used for functional designations. If substructures of bays are
needed, this can\be introduced by appropriate structured bay names. If, for example, a bay B1 is structured into
sub-bays SB1%and SB2, this would in the SCL model lead to two bays named B1.SB1 and B1.SB2. If logical nodes
are also attached to the B1 structure level, then B1 can be introduced as a third bay.

NOTE3\*In the CIM model the bay level is optional, while in SCL it is mandatory. However, if the bay level
structuring is not needed, a whole voltage level can be considered to be one bay. The only restriction here is that
the SCL syntax demands at least one character as name on each level, so that in this case the voltage level name
needs at least 2 characters, from which within the SCL substation structure the first character is taken as the
voltage level name, and the last character is taken as the name for the one bay element.

6.3 The product (IED) model

Products consisting of hardware or software implement the functions of the switch yard. The
scope of SCL from the product side only covers the hardware devices (called IEDs) that form
the substation automation system, and therefore restrict the model to them. Primary devices
as products are outside the scope of SCL, only their functional side is modelled by the
substation structure for functional naming purposes.

IED a utility automation device performing automation functions by means of
logical nodes (LNs). It normally communicates via a communication system
with other IEDs in the automation system.
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Server a communication entity within an IED according to IEC 61850-7-x. It allows
access via the communication system and its only access point to the data
of the logical devices and logical nodes contained in the server.

LDevice a logical device (LD) according to IEC 61850-7-2 that is contained in a
server of an IED.

LNode a logical node (LN) instance according to IEC61850-5 and
IEC 61850-7-2, contained in a logical device of an IED. The LN contains

Data—(DO),—which—other—fogicalodes—Tequest, amd—it—may need—DOs
contained in other LNs to perform its function. The offered DOs (server
capability) are described in SCL. The needed DOs (LN client side) are
determined by the function (LN) implementation and therefore configured by
the IED configurator respective by the engineer, which plans the_system.
SCL also allows their description, so that a data flow on data levelybetween
LNs can be modelled.

DO the DATA contained in the LNs according to IEC 61850-7-x.

NOTE Figure 6 shows with its LNode class the LN object, whose instances can be referenced or represented in
SCL in two ways. The LNode element resides in the Substation structure, while the LN-element resides in the IED
structure.

6.4 The communication system model

The communication model is, in contrast to the others, not aierarchical model. It models the
logically possible connections between IEDs at and across’'subnetworks by means of access
points. A subnetwork is seen at this description level.ohly as a connecting node between
access points, not as a physical structure. A logical device or a client of an IED is connected
to a subnetwork by means of an access point, which may be a physical port or a logical
address (server) of the IED. Client LNs use the address attribute of the access point to build
up associations to servers on other IEDs respective to the LNs contained on the logical
devices of these IEDs. Subnetworks may be,connected by routers, however GSE messages
as well as SV / SAV messages can not cross'routers and can only reach IEDs within the same
subnetwork. For accurate time synchronisation further each subnetwork should have an own
(master) clock connected.

Although subnetworks only modelilogically possible connections, a correlation to the physical
structure can be built up by appropriate naming of subnetworks and access points, and by the
relation of access points to{one or more) physical connection points. The access points are
the matching elements (transition objects) of both this communication model and the physical
implementation of theCcommunication system. The description and maintenance of the
physical structure is"beyond the scope of SCL, although some features allow to model it at
least partly — see also 9.4.6.

This standardintroduces as additional IED functions:

e a Ratter function on an IED. An IED with a router function can be connected with two
different access points to two different subnetworks and allow TCP-based messages to
reach |IEDs within the other subnetwork;

e ~a Clock function to indicate where a subnetwork master clock is located.

Furthermore, the IED type SWITCH is reserved to model arbitrary switch based Ethernet
networks, e.g. for IP address checking or modeling of the physical network. IEDs of type
SWITCH typically consist only out of an access point to their IP subnetwork. This type
SWITCH is stated by means of the IED type attribute. IED type designations of the really used
switches can be used instead, if known.

Subnetwork a connecting node for direct (link layer) communication between access
points. It might contain telegram filtering on the bridge level, but no routing
on the network level. All access points connected to a subnetwork can
communicate with all others on the same subnetwork with the same
protocol. SCSMs may define restrictions to this, for example if the stack
implements a master-slave bus. The subnetwork as used here is a logical



https://iecnorm.com/api/?name=6ec872c88e2a7706734421d0a48fb6ef

-32 - IEC 61850-6:2009+AMD1:2018 CSV
© IEC 2018

concept. Several logical subnetworks with different higher layer protocols
could for example be used on the same physical bus to allow mixing of
higher-level protocols on the same physical (lower) layer(s).

Access point a communication access point of the logical device(s) of an IED to a

subnetwork.. An access point may serve several logical devices, and the
logical nodes contained in a logical device may, as clients, use several
access points to connect to different subnetworks. Typically, a switch
controller I N may receive data as a client from a process bus, and provide

data as a server to the inter-bay bus (IEC 61850-8-1). In the terminology of
IEC 61850-7-x, an access point may be used by a server, by a client, or by
both. Furthermore, the same (logical) access point might support different
physical access ports, for example an Ethernet connection and a serial
PPP-based connection to the same higher level (TCP/IP) access_pgint and
to the same server.

Router Normally, clients connected to a subnetwork only have accéss to servers

connected to that subnetwork. The router function extends aceess to servers
connected to another subnetwork at another access point ¢f that IED which
hosts the router function. However, a router restricts:the access to those
services which use a networking layer, all layer 2(services such as basic
GOOSE and sampled value messages are not allowed to cross it.

Clock a master clock at this subnetwork, which is used to synchronize the internal

clocks of all (other) IEDs connected to this subnetwork.

Routers and clocks are connected to a Subnetwork via their’access points.

Observe that the communication addresses defined«for the access points within a subnetwork
are access point addresses for building assocjations. The rules to derive communication
addresses of the server internal elements are\ydefined within the protocol mappings on the
base of the IED data model as defined in<|[EC 61850-7-x, e.g. within IEC 61850-8-1 for the
MMS mapping.

6.5

Modelling of redundancy

Redundancy can be introduced>to enhance the safety or availability of a system, and at
different levels of the system:

IED internal: this is{.beyond the scope of the IEC 61850 series, and therefore not
describable with SCL. It is hidden in the IED HW/SW and externally visible just by error
messages if something has failed. IED specific DATA might have to be introduced for
these error indications.

Communication system level: If the communication system is doubled, but below the
addressing level provided for a logical access point, this can be described in SCL at the
level«of physical connections of an access point. There might be additional SCSM specific
parameters or application level supervision data, if the redundancy issue is taken up in the
stack mapping. Other communication system redundancy mechanisms can only be
described at physical level. A typical example is an Ethernet ring based on switches. It
provides redundancy against the failure of one switch in the ring, it is however normally

not seen within an SCD file. However SCI prn\/idnq some npfinnal means to describe the

physical connections at port / cable level also for rings.

Application level: this shall be modelled in SCL. A typical example is the main 1 and main
2 protection IED. Each IED instance providing application redundancy is explicitly
modelled having its own name, and all explicitly provided additional communication
subnetworks are also modelled in the SCD file as indicated in Figure 7. Any coordination
between redundant functions is done between the logical nodes which implement the
function.
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6.6 Data flow modelling

Conceptually the IEC 61850 data flow has logical nodes on servers or publishers as source,
and logical nodes as clients respectively subscribers. The real connections/associations
however are built at communication profile level (e.g. MMS/TCP), and these ‘association
channels’ can be assigned to a client/subscriber IED, an access point, a logical device or — as
in the IEC 61850 base model — a logical node. If the channel is built by an IED, then all LNs
hosted in this IED can use it in their client role. It should be observed that these channels /

association is seen as one user respective client with a certain role.

SCL allows the data flow to be modelled at two levels. At the channel/association level,the
GOOSE or SMV subscribers are whole IEDs, respective the IED access point connected to
the same SubNetwork as the server, while report clients are LN instances, such'as in the
original IEC 61850 client model. If in this case several client LNs share the same-channel, it is
recommended taking the LLNO as the client LN, because LLNO represents_a whole logical
device.

At data object level the data flow is modeled by a list of signals which.shall be fed into (are
input data of) a logical node. This can be modeled purely on an (SCL level, or, if the IED
supports this, even on the IEDs LN data model by means of datacobjects of CDC ORG (see
IEC 61850-7-4). Also here it is often the case that the same, incoming data object shall be
used by several logical node instances. In this case it is alsorfecommended to map the input
data into the LLNO instead of mapping it twice to two different LN instances.

One of the big advantages of IEC 61850 is that .the communication-related data flow is
defined on top, but independent from the application ‘level data model. To make it easier for
an engineer to understand and define this data flow; the SCL language restricts the definitions
in 7-2 as follows: data set definitions referenced by a control block must be in the same
logical node as the control block. This means”automatically, that all GOOSE and SMV data
flow definitions are in LLNO. It is recommended, if the IEDs allow this, to also keep report data
flow definitions there. Any online changés-not following this convention cannot be documented
in SCL language.

7 SCL description file types

SCL files are used to exchange the configuration data between different tools (conceptual tool
roles as defined in clause 5), possibly implemented by different manufacturers. As already
mentioned in subclause 5.1 (see also Figure 1), there are at least six different purposes for
SCL data exchange, and therefore six kinds of SCL files to be distinguished for the data
exchange between tools. This is done by means of different file extensions. Nevertheless, the
contents of ,eaeh file shall obey the rules of the System Configuration description Language
(SCL) defined in the next clause. Each file should contain a version and revision number to
distinguish® different versions of the same file. This means that each tool has to keep the
version‘and revision number information of the last file exported, or read back the last existing
filesto find out its version.

NOTE The version identifies versions of the SCL file, not versions of the data models used within the tools. This
is defined in [EC 61850-7-3, IEC 61850-7-4 or is a private issue of the tools.

The following types of SCL files are distinguished:

e Data exchange from the IED configurator to the system configurator (corresponding to
items b) and c) of 5.1). This file describes the functional and engineering capabilities of an
IED type. It shall contain exactly one IED section for the IED type whose capabilities are
described. The IED name shall be TEMPLATE. Furthermore, the file shall contain the
needed data type templates inclusive logical node type definitions, and may contain an
optional process, line or substation section, where the highest level name shall be
TEMPLATE. If a process TEMPLATE is defined, the binding of logical node instances to
primary equipment indicates a predefined functionality. Any process in which this IED shall
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be used, must match an appropriate process topology part (example: a CSWI LN bound to
an equipment of type CBR is only allowed to control a circuit breaker; a CILO bound to a
line disconnector implements the interlocking logic for a line disconnector). There might be
an optional Communication section defining possible default addresses of the IED.
A specific SCSM might make this mandatory for some address parts.

The file extension shall be ICD for IED Capability Description.

Data exchange from the IED configurator to the system configurator for a single IED

instance value changes or data model modifications. In this case the IED has its project
specific name, it may also have project specific addresses, and a data model possibly
included with some data set definitions preconfigured for the project. There mighthexist
already a binding of IED LNs to the project specific single line diagram. This type'of IED
SCL file is typical for IEDs whose number of LN instances depends on the project specific
single line diagram or on other IEDs available in the system, or it is used~during IED
modification process. It may contain a data set and control block definitions,) which must
either be identical to those in the system tool in case modifications are_transferred after
system engineering, or, in case of a first instantiation of this IED, can bée taken as default
or as preconfigured data. It may contain input sections without the referenced DATA
sources. These shall be identical to that from a previously impdrted SCD file, however
links to internal signals (intAddr values) may be added.

The file extension shall be IID for Instantiated IED Description:

Data exchange from a system specification tool to the)system configurator. This file
describes the single line diagram and functions of the(substation and the required logical
nodes. It shall contain a substation description section and may contain the needed data
type templates and logical node type definitions. If logical nodes allocated to the
Substation section are not already allocated to-an IED, the IED name reference (value of
iedName attribute of the LNode element) shall be None. If an LN in the substation section
is not bound to an IED and also has no logical node type defined, then only the mandatory
part of this LN according to IEC 61850-7<4 is specified. If part of the SA system is already
known, this might optionally be contained in IED and Communication sections.

The file extension shall be SSD for,System Specification Description.

Data exchange from the system“configurator to IED configurators (corresponding to items
d) and e) of subclause 5.1).-Fhis file contains all IEDs including the configured data flow
and needed DataTypeTemplates, a communication configuration section and a substation
description section.

The file extension shafl be SCD for System Configuration Description.

Data exchange ffom the IED configurator only to the IED. It describes the communication-
related part of ‘an instantiated IED within a project. The communication section contains
the addressvof the IED. The substation section related to this IED may be present and
then shall\have name values assigned according to the project specific names. It is a
vendor,_specifc SCD file, possibly stripped down to what the concerned IED shall know
(restficted vendor specific view of IEDs). If a compression method is applied, those
according to RFC 1952 is preferred. Observe that in the general case more information
than this has to be loaded onto an IED to have it completely configured, e.g. relation of
internal signals to HW terminals, programs in the form of IEC 61131-3 or other code, or
local control panel configuration information.

The file extension for the SCL part (if any) shall be .CID for Configured IED Description.

Data exchange between system configurators of different projects. This file describes the
interfaces of one project to be used by the other project, and at reimport the additionally
engineered interface connections between the projects. It is a subset of a SCD file,
containing the interfacing parts of the IEDs to which connections between the projects
shall be engineered, and fix IEDs referenced by them to not lose the source object of
already defined references. Therefore additionally to an SCD file it states at each IED the
engineering rights and the owning project from the view of the using (importing) project.

The file extension shall be SED for System Exchange Description.
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A more formal definition of most restrictions for the given parts is given in the XML schema
syntax in Annex E. Observe however, that this formal definition is informative only and does
not belong to the normative SCL language definition.Observe further that not all restrictions
e.g. those on IED name and Substation name mentioned above can be described in the
schema. To understand the used schema elements, refer to Clauses 8 and 9.

An IED which is claimed to implement a server / publisher or client / subscriber according to
the IEC 61850 standard shall be accompanied by an ICD file, respectively by a tool capable of

generating an ICD file, or a project specific IID file, respectively a tool capable of generating a

project specific IID file for this IED, and shall be able to consume an SCD file or tr%)
accompanied by a tool which can consume the SCD file to configure the communication

of the IED from this SCD file, within the limits declared in the ICD file or the IID file erQgced

previously by the IED tool . (_19

It shall be kept in mind that, for very flexible IED types, there might exist seve @%D files. In
this case the manufacturers IED type can be seen as an IED class simila\g logical node
classes in |IEC 61850-7-4, which allows a lot of functionality to run on @IED hardware,
however not all at once. Each ICD file then is a runnable (implem le) subset of all
possibilities of the IED class. Only where all available functions an@tion instances can
run on the IED hardware, will there exist only one ICD file. This issuﬁ) illustrated in Figure 8
for the most general case. :

Implementable
subset 2

Figure 8 —&’D files describing implementable IED types of a general IED class

O
8 SCL §§guage
8.1 ecification method

TGQ SCL language is based on XML (see Clause 2).
N

The syntax definition is described as a W3C XML schema. The remaining clauses define the
appropriate XML schema for SCL and explain its usage in text, enhanced by appropriate
(incomplete) examples illustrating the use of the specific features defined, and by additional
written requirements, restrictions, and relations to the object model, which shall be used or
checked by the application reading or building an SCL file. The complete normative XML
schema definition is contained in Annex A. It also contains the formal definitions of those
constraints which are easily formulated in a XML schema. Constraints on the object model
which are not or not easily able to be formulated in XML schema are additionally described in
the appropriate clauses.
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To keep the syntax compact and extensible, the type feature of XML schema is used where
appropriate. This introduces a schema element inheritance structure. The inheritance
structure of the main SCL elements is shown in Figure 9 as a UML diagram.

UML diagrams can also show containment relations between SCL elements. It has to be kept
in mind that these relations are relations between the SCL language elements, and not
between the objects represented by the elements, which are shown in Figure 6. However, it
has been attempted to keep the XML element relations as close to the object relations as

possible.

The following naming conventions are used within the schema:

e schema type names start with the small letter t (for example tSubstation);
e attribute group definitions start with the acronym ag (for example agAuthorization);
e attribute names start with a small (lower case) letter (for example name);

e element names start with a capital (upper case) letter (for example Substation).

Nearly all SCL elements are derived from the {BaseElement base type;”which allows adding
Private sections and a descriptive Text to the element. It also allows’ adding additional sub-
elements and attributes from other namespaces (other tharn’ the target namespace
http://www.iec.ch/61850/2003/SCL) — such elements must however appear first among all
sub-elements. This allows for easy (private) extensions of ‘the model. An example can be
found in Annex C.1.

The next level of element types is based on tBaseE/emeéent:

e tUnNaming adds an optional description attribute desc;

e tNaming adds the optional description{attribute desc and a mandatory name attribute
name;

e tIDNaming adds the description attribute desc and a mandatory identifier attribute id.

In all the previous types, desc is a XML normalizedString, i.e., a string that does not contain
any carriage return, line feed,. of tab character. Its default value is the empty string. Attribute
name is of type tName, i.e. als@“strings that do not contain any carriage return, line feed, or tab
character, but cannot be emptyy Attribute id of type tID is more restrictive than tName: any whitespace
character is not accepted and size is limited to 255 characters.

The resulting inheritance relations for the power system-related objects is shown in the UML
diagram of Figure 15. Due to this inheritance, also of attributes or of attribute groups, not all
attributes are directly defined at an element definition. Nevertheless the description in the
following clauses also describe the inherited attributes, possibly with a reference to a previous
description,

For.better segmentation and re-use, the whole SCL schema is split into several files
containing type definitions (see Table 1).
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Table 1 — The files composing the XML schema definition for SCL

File name Description
SCL_Enums.xsd The used XML schema enumerations
SCL_BaseSimpleTypes.xsd The basic simple types used by the other parts
SCL_BaseTypes.xsd The basic complex type definitions used by the other parts
SC| Substation xsd The process (Process line Substation) related syntax definitions
SCL_Communication.xsd The Communication-related syntax definitions
SCL_IED.xsd The IED-related syntax definitions
SCL_DataTypeTemplates.xsd The data type template-related syntax definitions
SCL.xsd The main SCL schema syntax definition, which defines the root élement of
each SCL file

In the following schema definition clauses it is assumed that the SCL schema definition file
starts as follows:

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema targetNamespace="http://www.iec.ch/61850/2003/SCL"
xmlns:scl="http://www.iec.ch/61850/2003/SCL"
xmlns="http://www.iec.ch/61850/2003/SCL"
xmlns:xs="http://www.w3.0rg/2001/XMLSchema™
elementFormDefault="qualified" attriblteFormDefault="unqualified"
finalDefault="extension" version="9999A90">

where version 9999A9 is the year, index letter and ‘release number stating the SCL schema
version, which is 2007B4 for this document. Théschema then ends with

</xs:schema>

This schema part is not repeated in<the following clauses and subclauses. For a complete
schema definition containing the contents of all above files, see Annex A.

The UML diagram given in Figure 9 gives an overview of how the SCL schema is structured.

class SCL2007B4 /

tBaseElement SCLSchemaVersion

+ version: xs:normalizedString = 2007B4 {readOnly}

SCL

+Header +DataTy peTemplates
->— >
tHeader ; + release: tSclRelease = "4" {readOnly} 0/1l tDataTypeT emplates

+ revision: tSclRevision = "B' {readOnly}

+ version: tSclVersion = "2007" {readOnly}
+V o

tonNaTTITTg
* t UnN amin,
tIED 0. +Communication g
tCommunication

+Substation 0.* +Line\|/0..* 0.* +Process

t Equipment Cont ainer
tSubstation

t Gener alEquipment Cont ainer
tLine

t Gener alEquipment Cont ainer
tProcess

IEC

Figure 9 — UML diagram overview of SCL schema
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The basic SCL element is derived from a tBaseElement schema type, which allows to contain
for example Private and Text definitions. Furthermore, the SCL element shall contain one
Header element of type tHeader, and may contain a process description with one of the
elements process of type tProcess, Line of type tLine, and Substation elements of type
tSubstation, a Communication section of type tCommunication, one or more IED elements of
type tIED, and a DataTypeTemplates section of type tDataTypeTemplates. All these element
types are handled in later clauses; the usage of Line and Process elements might be detailed
in other parts of the standard.

In some cases, the data format of values is important. Wherever possible, the schema defines
the data type and therefore also its coding (lexical presentation). But even in cases where this
is not possible, the data type coding of XML Schema shall be used. If not explicitly expressed,
all element values are XML Schema strings, and all attribute values are of the XML(schema
type normalizedString, i.e. they are not allowed to contain tab, carriage return and lline feed
characters. SCL may use values to identify another element of the XML file. When“doing this,
the referenced element shall exist in the file, otherwise the structure is invalid.“For example
(full definition of this example is given later) in element GSE, a specific-attribute called
cbName indicates the element GSEControl and attribute Idinst indicates the Ldevice
containing this GSEControl, for which the GSE has been created, and if'this GSEControl is
not present, the GSE shall not exist. Further restrictions may be stated either in this part of
IEC 61850 or in other parts of the IEC 61850 series, mostly IEC-61850-7-x, IEC 61850-8-x
and IEC 61850-9-2. If any XML schema data type is used, it is feferenced with the prefix xs:,
for example xs:decimal for decimal number coding. For cenvenience, an overview about
coding of the most types used in SCL is given in Table 45.

8.2 Language versions and compatibility

There are always some reasons why a defined, language has to be changed, which leads to
different language versions.

e Enhancements: adding new features; this*has to be done to support new functionality, and
leads to a new version indicated bydhe year of appearance, for this version it is 2007. To
keep compatibility, the following enhancement rules have to be observed also for future
compatible SCL versions. If for seme reason they can no longer be observed, then a new,
incompatible SCL name spacethas to be defined.

— Adding of new optional attributes is allowed. If they need a value, they shall have
default values, whose meaning is as far as possible identical to the missing of the
attribute in older versions.

— Adding of new-eléments is allowed at the end of existing type definitions.

— To allow forward compatibility, any new element, whose understanding is essential for
communication interoperability, must be marked with the mustUnderstand attribute
(see Jater).

e Fixing 'errors; this is necessary if there exist faults or inconsistencies, or if interoperability
problems arise due to unclear or wrong wording in the description or specification. This
réason is mandatory and must be performed, even if it endangers compatibility. However,
if*there are choices, it should be done in the most backward compatible way. This leads to
a schema revision, indicated by a revision index (letter) starting with A.

The following language changes are forbidden for a compatible language name space,
because they lead to compatibility problems:

e Removing of old features. For backward compatibility they are still allowed in older
language instances, but the usage in newer versions is deprecated. The deprecation is
normally indicated by removing the feature from the schema of the new version.
Nevertheless it is allowed in language instances coming from older versions, and must be
accepted by a receiver.

e Changing of existing features, especially their semantics; this endangers compatibility,
therefore it is forbidden. Instead 'old’ features are deprecated (see above), and new ones
added, which then replace the deprecated features.
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e Changing of existing default values. This allows a receiver or processor to use default
values of newer versions also for older language instances.

There is a clear separation between mandatory fixing of errors, which might lead to
incompatibilities, and adding enhancements, which are done in a compatible way. To allow
backward compatibility as well as forward compatibility, the may ignore and must understand
rules are introduced into the language definition. These allow having different language
versions for the same SCL language name space.

8.2.1 MustUnderstand rules

The MustUnderstand / Maylgnore rules have to be followed when reading an SCL file. When
producing SCL output, this should conform to the claimed supported, SCL
version/revision/release.

Elements, which a tool or an IED must understand to produce interoperable results, shall be
declared as mustUnderstand and marked with the mustUnderstand attributecwith value true,
so that the tool processing the instance knows if it can ignore the element ornot. All elements
which the tool does not understand and which do not have the mustUnderstand property, can
safely be ignored. The ‘may ignore all’ strategy for elements (tags) is.taken, i.e. ignore the
element and all its contained contents.If a known element contains directly below it an
element with mustUnderstand property which a tool does not understand, then it must also
ignore the known containing element.

For attributes just the attribute not understood is ignored.([his means especially that there is
no ‘mustUnderstand’ possibility for attributes, only for elements. Therefore adding of attributes
to the language is done only as optional attributes with a defined default value in the newer
version, which is backward compatible to ‘not knowing this attribute’. For later compatibility it
is good practice to use these default values from-the schema by not explicitly writing them
into the SCL instance. This is possible becauseyonce released default values are not changed
in the schema, as long as the attribute itselfis needed.

Observe that if attributes need to be understood, then a new element with mustUnderstand
property holding these attributes can(be introduced.

It is important to see that whethler a tool can ignore something or not is also dependent on the
purpose of the tool. When defining ‘mustUnderstand’ explicitly in SCL, then this always refers
to the system configuratorand the IED configurator as defined in Clause 5 for the purpose of
interoperable communigation. Other applications for which SCL may be used can have other
demands on ‘mustUnderstand’.

Observe that although not formally defined, the mustUnderstand property is practically true for
all defined elements from the 2003 SCL version in the Communication section, IED section
(with exception of the IED capability element) and DataTypeTemplate section. The elements
of the Sdbstation section might need ‘mustUnderstand’ quality only for specification tools and
applieation configuration tools, which are not mandatory and outside the scope of this part of
IEC261850.

From the meaning / scope, mustUnderstand always refers to the parent element. If a parent

element (e.g. IED) has no mustUnderstand property, then it may be ignored by tools which do
not need to know about it (e.g. about IEDs). However, if they have to know about |IEDs, they
must understand all elements within the IED element, which have mustUnderstand property,
e.g. the AccessPoint element. In general, if an element is marked as mustUnderstand, then
any tool which does not understand the element is not allowed to use the (known) parent
element. The following example illustrates the use of the mustUnderstand feature.

An IED defines a GOOSE control block as follows:

<GSEControl name="GoCB02" appID="GoCB02" datSet="CmdResv">
<IEDName>AA1_D1_Q11A1</I[EDName>
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<|IEDName>AA1_D1_Q10A1</[EDName>

<|[EDName>AA1_D1_QO07A1</I[EDName>

<Protocol mustUnderstand="true">R-GOOSE</Protocol>
</GSEControl>

If the tool importing this does not understand the Protocol element, then it is also not allowed
to use the GSEControl element containing it (e.g. add IED names), although GSEControl is
known to it.

Tools should in any such case give a warning to the user.

8.2.2 SCL name space and versions

For all compatible versions of SCL the same name space as defined in 8.3.5 is kept

For concrete verification of correct generation of an SCL instance according ‘tovits assigned
version, the following is introduced.

The SCL element tag has a version attribute, which for backward compatibility is in general
optional with default value 2003, and for instances assigned to thé)here defined version of
SCL required with value 2007. This attribute indicates the SCL (séhema) version according to
which the SCL instance has been produced by means of the year of the released IS, i.e. its
assigned version. Additionally, any error fixing revisions within-each version are indicated by
the revision attribute, starting with A for the first released~version revision. The version value
for this version of SCL shall be 2007, and the revisionvalue B. If error-correcting corrigenda
of this standard follow before any new version of,this standard is published, the first
corrigendum will get the identification B, the next C; etc. Fixing of interoperability related
errors in between revisions is indicated by a release number. The first released revision will
always be release 1. The release belonging to-this standard is 3.

The special XML schema for this current edition of IEC 61850-6 is contained in Annex A, and
shall be used for all tests on SCL instanees which claim to be produced according to this SCL
version. From this follows automatically, that the SCL version attribute is mandatory required
for all SCL instances containing elements or attributes introduced after 2003.

For backward compatibility alktools have to accept SCL instances from older as well as newer
versions, including the features deprecated in the newer version(s) as far back as declared
with the tool version. Therefore a tool input cannot be verified against the schema of the
version defined in thisistandard, but at best against the schema version with which the input
instance is produced: The general schema in Annex E gives a hint as to what shall be
tolerated by a toal supporting the valid 2003 version as well as this current version.

Naturally ‘old’ tools processing SCL instances from newer versions can not handle what they
can not understand. The only problem which might arise here is if the SCL instance contains
new elements with a ‘mustUnderstand’ property, which is not known to tools/IEDs according
to the_first SCL version. Every tool/IED after this first version shall use the mustUnderstand
property to decide if it can safely ignore an element, which is not understood, or if it has to
stop processing with an appropriate error message. It is recommended to upgrade ‘old’ tools

at least so that ’rhn\]/ can follow the mustlnderstand rllln’ or to implnmnnf the ||pgrading /

downgrading rules from Annex I.

Further, tools understanding the new version should also read ‘old’ instances, if they are
produced according to the rules defined here.

The SCL language version as defined here is related to the SCL schema version as defined in
Subclause 8.1. However, not all schema versions will be released, and SCL language
versions, even bug fix versions, will only be defined for released / published SCL schema
versions.
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8.2.3 Incompatibilities to earlier versions

This current version of SCL with version identification 2007 is backward compatible to all
previous versions with the following exceptions.
e The authentication code ‘week’ has been corrected to ‘weak’ (error correction).

e The Private element’s type attribute is required (error correction).
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false (error correction in 9-2).

e The attribute value FuncName of the nameStructure attribute in the Header element is_no
longer supported. The nameStructure attribute shall be ignored by tools. Systems working
with the 2003 functional naming must be modified appropriately to stay compatible, by
either changing to IED based naming only, or allowing the use of the IdName attribute of
LDevice (i.e. full change to this version of SCL).

e The introduction of the mustUnderstand attribute; it is currently used for the Protocol
element contained in GOOSE and SV control block definitions.

e The order where the Log element appears has changed: it shall appear directly before any
control block definitions which belong only to LNO (like GOOSE control blocks).

e If the log control block does not reside in the same logical déevice as the log, the /dInst
attribute shall be stated explicitly.

e The access point name allows only alphanumeric characters and underscore (_). Its length
is restricted to 32 characters.

e The newly introduced LDevice attribute IdName deads to incompatibilities with edition 1
(2003A) tools, as ignoring this attribute leads to‘wrong communication level configuration.

e The attribute ReportControl.rptld shall no longer have the empty string value.

e It is clarified that the meaning of the maxAttributes attribute of the ConfDataSet element
denotes FCDAs and not basic attributes:

e The modeling of the transformer neutral point has been corrected

e The max attribute of the SupSubscription element has been replaced by two special
attributes for GOOSE and SV:supervision.

e The length of DataTypeTemplate identifiers is restricted to 255 characters.

e EqgFunction and EqSubFunction are used below Equipment elements instead of Function /
SubFunction

e The length of Enumeration strings is restricted to 127 characters of ISO Latin and Latin-1
supplement characters

e The SubNetwork type code is mandatory and not the empty string, except in SSD files.
e The value of RptEnabled.max, if defined, shall be >0.

e Thel meaning of missing originalSclVersion / originalSclRevision attributes is SCL
version/revision 2003A

«"The string ‘None’ is forbidden as an IED name. It is only allowed as an IED name
substitute inside the Process / Substation section to specify logical nodes without relation

to an IED.

It is recommended to fix these issues together with the implementation of the mustUnderstand
property also in ‘old’ tools. Then they can handle all future SCL versions. For compatibility
between versions see also Annex .

8.3 SCL language extensions
8.3.1 General

The SCL language elements without those serving extension purposes are designed for a
specific purpose as described in Clause 5. It can however be used with smaller or bigger
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extensions such as additional attributes for additional (engineering) tasks. Furthermore, it
leaves some communication stack-dependent definitions to the SCSMs. Therefore, 8.3.2 to
8.3.7 describe SCL extension possibilities.

8.3.2 Data model extensions

Extensions of the data model with semantically new LNs and DOs are covered by the rules
stated in IEC 61850-7-x for extensions, and by the SCL approach as a meta language to the

data model, i.e. data model element identifications do not appear in the language syntax
itself. The name scope of logical node classes, data objects and CDC attributes are described
in SCL by stating the appropriate name space values within the appropriate DATA attribufes:
If additional base data types are needed, then this has to be defined as a schema extension.

8.3.3 Additional semantics to existing syntax elements

Some language elements of SCL such as desc and Text have a weakly defined semantic,
which can be extended by some application. Some elements such as the parameter element
P have been left open on purpose. An SCSM shall define (additional)ysemantics to these
elements. This is done by defining a type value for a P parameter with_anyown semantic.

8.3.4 Data type constraints

The usage of XML schema based data types on the syntactic-level already allows the further
restriction of the range of some values. A restriction shall-use one of the allowed subtypes of
the types defined in this core language.

8.3.5 XML name spaces

For all tag elements inheriting from tBaseElement, (sub-)tags and attributes can be added.
These shall however belong to a defined XML name space with defined semantics for all
these elements. It is recommended to define the used name spaces at the main tag (SCL),
although standard XML allows to add<it also below at elements from this name space.
Observe that standard XML rules allow’to replace this definition.

This namespace shall not be thé*same as the target namespace of the SCL schema (see
below). For private name spaces; the used internal name space abbreviation should start with
the character e. IED configurator tools shall be aware that the used name space abbreviation
might be changed by the ‘system configurator, if its relation to the referenced URI is not
unique across all usedCl€D/IID files. An example of a standard extension for single line or
communication diagfam layouts is given in Annex C. The name space URI of this version of
the SCL, which shall be used as default name space in all SCL files, is:

xmlns:scl="http://www.iec.ch/61850/2003/SCL"

All toolswhich comply with this part of IEC 61850, shall be able to import an SCL file with
name-space definitions, and at least interpret the SCL elements of the default name space.
Therefore any SCL file shall have the SCL name space as default name space:

xilns="http://www.iec.ch/61850/2003/SCL"

Name spaces other than the SCL core, which are not understood by the tool, shall be ignored
by it. This especially means that an IED tool which exports data of its own XML name space
to an ICD file, can not expect that this information is contained, respectively preserved, in a
SCD file coming from the system configurator tool or another manufacturer’s IED tool, if it is
not contained within a Private section.

NOTE 1 The SCL schema is built in such a way that if the private namespaces are specified in the header but the
corresponding schemas are unknown, an XML validator is still able to correctly validate the file (for the parts that
are not defined in the SCL schema, the validator will typically only check that they are well-formed).

NOTE 2 The SCL schema demands that elements from private name spaces appear in an SCL file before the
elements defined in the SCL schema.
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8.3.6 Private data
For small extensions either by a manufacturer or for a specific project the Private elements

can be used. The advantage of private elements is that the data content is preserved at data
exchange between tools.

Private data entities appear on several levels of the SCL. The contents of these XML
elements is, as seen from the SCL, transparent text. If the private part contains XML data,

then this has to use an explicit name space, which cannot be the SCL name space. The
Private element allows also to reference other files by means of a URL at its source attribute¢

The handling within tools shall be as follows:

The private data is owned by a tool respective by a tool category (for example, .a picture
generator). The owner is allowed to modify its contents, and normally is the orly)one able to
interpret the data. All other tools, which read private data, have to preserve (store) its
contents on SCL import, and regenerate it at the same place if an SCL file c@ntaining this part
is produced/exported.

Private data for different purposes shall be distinguished by the valué of its type attribute. If
manufacturers use a Private definition, this type attribute~value should start with a
manufacturer-specific string part.

The Private elements have the schema type tPrivate, which-is defined as follows:

<xs:complexType name="tPrivate" mixed="true">
<xs:annotation>
<xs:documentation xml:lang="en"> Allows an unrestricted mixture of character content, element content and
attributes from any namespace other than the target namespace, along with a mandatory type attribute.
</xs:documentation>
</xs:annotation>
<xs:complexContent mixed="true">
<xs:extension base="tAnyContentFromOtherNamespace">
<xs:attribute name="type" typeFxs:normalizedString" use="required"/>
<xs:attribute name="source", type="xs:anyURI" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The attributes of the Private element are defined in Table 2.

Table 2 — Attributes of the Private element

Attribute(name Meaning, usage

type Distinguishes different (private) purposes of the element contents. The manufacturer
or tool name shall be included into the type to be sure it is unique. The type attribute is
required in order to know who shall process this part.

spuree URL to some file, which contains the private information; only the URL is preserved by
the processing tool, not its contents (this stays where it is and has to be preserved
with means outside the tool responsibility).

Private data can be contained within the Private element, or in an external file referenced via
the source attribute of the Private element. As a rule of thumb this second option shall always
be used if the amount of private data gets big in relation to the standardized part, e.g. above
1-2 kB.

NOTE Due to the engineering process as described in clause 5 IED configurators should not put Private elements
into the Communication section or the DataTypeTemplate section.
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8.3.7 Another XML syntax

A completely new standardized or private XML-based syntax for another XML file may be
used to extend the SCL data model with additional objects or attributes. In this case,
references to the objects contained in the SCL model shall be defined in this new XML file,
and the naming philosophy of this part of IEC 61850 shall be followed to be able to identify
the objects. The source attribute of a Private element can be used to link to such additional
XML files.

8.3.8 Summary: Standard conformance for extension handling

A tool claiming conformance with this part of IEC 61850 shall as a minimum handle-any
extensions as follows:

e import and export the SCL language elements as a default XML name space;*understand
all parts of the syntax referring to the capabilities of the handled IEDs and. the intended
functionality of the tool; ignore all SCL language elements which it does hot understand,
following the maylgnore / mustUnderstand principle (see 8.2.1);

e keep all data in private sections and all text elements from imporbto export (except if
modified on purpose within the tool). Keep all data of IEDs, whigh“are not handled, if an
SCD file is exported;

e accept syntactically correct XML name space extensions of~import without error message,
even if the corresponding contents are ignored.

8.3.9 Extension example

The following extract of an SCL file shows how extensions based on private XML name space
can be used for additional XML attributes, additional elements, and for XML elements within
the data part of a Private element.

<?xml version="1.0"?>
<l-- Augmented example file with:
— Private element
— using extensions from other namespaeds

-->
<SCL xmins="http://www.iec.ch/61850/2003/SCL" xmIns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalLocation="http://www iec.ch/61850/2003/SCL SCL.xsd" xmins:ext="http://www.private.org">
<Header id="SCL Example.T1-1" nameStructure="IEDName"/>
<Substation name="baden220_132" ext:myAttribute="my extension attribute">
<ext:MyElement>This is my extension element — can be removed if not understood</ext:MyElement>
<Private type=""mytype” ext:hello="bla bla">This is my private element <ext:dummy>with sub-
elements</ext:dummy>"and a privately defined attribute; must be reproduced at output</Private>
<PowerTransformer name="T1" type="PTR">

Observe that all elements (above the MyElement) from other name spaces (ext above) other
than thes«default SCL name space must come before any SCL elements.

8.4.>.-General structure

An SCL — XML document starts with the XML prolog, and then continues with elements as

dcﬂllcd Idtcl. Thc: [JIUI’Uy th” bUIItdill thc ;dclltifibdt;ull Uf thc er‘IL VUI&;UII aIICJI thc bhdldbtcl
coding used. UTF-8 coding is the preferred coding and shall be supported supported if
standard conformance is claimed. The XML encoding attribute shall be processed in a case-
insensitive way. SCL generators shall always use upper case encoding.

The whole SCL definition part is contained in the SCL element:

<?xml version="1.0" encoding="UTF-8"?>

<SCL xmlns="http://www.iec.ch/61850/2003/SCL"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalLocation="http://www.iec.ch/61850/2003/SCL SCL.xsd"
version="2007" revision="B” release="3">



http://www.iec.ch/61850/2003/SCL%20SCL.xsd
https://iecnorm.com/api/?name=6ec872c88e2a7706734421d0a48fb6ef

IEC 61850-6:2009+AMD1:2018 CSV - 45—

© |IEC 2018

<!-- here come the Header/Substation/IED/Communication/DataTypeTemplate
sections as defined in Clause 9 -->

</SCL>

where SCL.xsd gives the concrete file containing the SCL schema definition.

+ th [a¥al | k. H

= AVA W 11 o 1 o daf HE L o £il
Ul dailt /AL PTULUTOOUT, UTTo TAAITITYIT dooUTITT o Al UTC O UL oLTTTITTa utThmmmiurT \1.T., 1T 11T o

enumerated in Table 1) is in the same directory as the SCL instance file. If this is not the
case, the full path to the schema must be given here. Alternatively, most XML processors
allow you to provide the location of the schemas manually (outside the instance document).
Anyhow, the xsi:schemalocation attribute is only needed if syntax verification against a
specific schema needs to be carried out.

The SCL element shall contain a header section, and at least one of the follewihg sections:
Process or Substation, Communication, IED, DataTypeTemplates, which are-further explained
below. The Process/Substation and the IED sections may appear more_than once. Figure 9
gives an overview as an UML diagram.

Most elements are derived from the tBaseElement type, and thefefore inherit the options to
contain Text and Private elements as well as the capability to contain elements and attributes
from other name spaces. The elements derived from its substypes tUnNaming, tNaming, and
tIDNaming additionally inherit the desc attribute.

All SCL level references to objects on an IED use the’|[ED-related names, i.e. the IED name
and LD instance name, even if at communication%evel other identifications might be used.
This is valid for references from the substation, section to logical nodes on the IED, but also
for references within an IED, e.g. to define data\ebjects which are the members of data sets.

Observe further that the SCL element has the attributes version with value 2007 for this
version of the SCL language, revision with value B for this revision of the 2007 language
version, and release with value 3 forthis published release.

8.5 Object and signal designation
8.5.1 General
The SCL model allows:two kinds of object designation:

1) a technical key, which is used on engineering drawings and for signal identifications.
This iscantained in the attribute name as identification of each object. If this value is
used~as‘reference to an object, it is contained in an attribute name starting with a
string~denoting the reference target object type, and ending with the string “Name”,
e.g: iedName as reference to an IED. The technical key is used within SCL for
referencing other objects. Observe that name is a relative identification within a
hierarchy of objects;

2) a user oriented textual designation. This is contained in attribute desc. Attributes are
not allowed to contain carriage return, line feed or tab characters. The semantics of

desc shall also be relative within an object hierarchy.

Furthermore, a general description tag Text can be used to add descriptive textual data. The
meaning of this data is on purpose not specified further. Each tool shall preserve imported
text data for export.

8.5.2 Object designations in an object hierarchy

In case of the hierarchically structured objects of the substation structure and the product
structure, both name and desc attributes for each object contain only that part which identifies
the object within this level of the hierarchy. The full object reference is a pathname and
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consists of the concatenation of all name parts of higher hierarchy levels up to this level. It is
up to the configuring engineer to ensure that the references are unique after concatenation.
This shall be reached by using a designation (syntax) convention as specified in IEC 81346-1.
This especially means that names of all levels can be directly concatenated to a path name, if
the higher level name ends with a number and the lower level name starts with an alpha
character or else an intervening character, preferably a dot (.), shall be put between them.
Other separation characters may be specified for name mapping in SCSMs or according to
IEC 81346-1. Beneath the mandatory usage of IEC 81346-1 for name syntax, it is strongly

recommended 1o use ihe whole IEC 81346 series for the derivation of functional and IED
product names as technical keys. In this case, it should be observed that the special
IEC 81346 separator characters like =, +, — shall not appear within SCL names. Only the @ot
(.) is allowed if names are substructured.

Transition objects, i.e. objects appearing in more than one hierarchical structure,/may be
identified by several references, one in each structure. In the case of SCLs\this applies
especially to logical nodes, which are found in the substation functional structutevas well as in
the IED product structure. There might be other transition points between different structures,
but their modelling is outside the scope of SCL.

8.5.3 Signal identifications to be used in the communication system

According to IEC 61850-7-2, signal identifications are built ffom the following parts (see
Figure 10):
a) a user defined part identifying the logical device LD jin th'e process (LDName);

b) a (function-related) part to distinguish several Ns of the same class within the same
IED/LD (LN-Prefix);

c) the standardized LN class name and the LN nstance number, which distinguishes several
LNs of the same class and prefix within the_same |IED/LD;

d) a signal identification inside a LN consisting of data and attribute name as defined in
IEC 61850-7-3 and IEC 61850-7-4.

Defined in IEC Defined in IEC
61850-7-3 61850-7-4
configurable

LDName LNName DataName | DataAttributeName
LN Prefix LN class LN Instance no
\ J J N S
e Y T ~
Part 1 Part 2 Part 3 Part 4

Figure 10 — Elements of the signal identification as defined in IEC 61850-7-2

The name parts 2 and 3 in Figure 10 together form the LN name and distinguish different LN
instances within the same LD of an IED. Both are not semantically standardized. A function-
related LN Prefix is preferably used during functional engineering, or to bind an instantiated
LN on an IED to some process semantics. The LN instance number of the name part 3 shall
be used to distinguish instantiated LNs, which are not (already) bound to a process semantic
(for example a CSWI which is not bound to some specific switch type, prefix=""), or which
have the same non-empty prefix.
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The mapping of these signal name parts to actual signal names is stack- and mapping-related
and therefore contained in IEC 61850-8-1 and IEC 61850-9-2. From the SCL point of view, it
is sufficient to determine the contents of these parts for a specific SA system. However,
IEC 61850-8-1 and IEC 61850-9-2 may contain further restrictions on length and contents of
name parts.

The DataTypeTemplates definition section of the SCL and the standardized names as defined
in IEC 61850-7-3 and IEC 61850-7-4 determine the possible values for name parts 3 and 4 in

Figure 10. The LN instance number and the prefix are defined in the IED section of the SCL.

For name parts 1 and 2 in Figure 10 there exist several options, the most important two
options are illustrated here.

1) Product-related naming: As shown in Figure 11, part 1 in Figure 10 is the name of the
IED in the IED (product) section, on which the LN is configured, concatemated with the
IED relative LD Instance identification. Part 2 and 3 are as predefined within\the IED.

LDName LNName

LN Prefix LN ciass LN Instance no

t  precefined by IED I
IED Section:

Attribute Inst of element LN

IED Section: IED Section: [
Attribute Name of element  [Aftribute Inst of element
IED LDevice

Figure 11 — Elements of the.signal name using product naming

2) Function-related naming: Functign-related naming at communication level is enabled by
free setting of the LD name, and possibly free definition of the LN prefix. It is a decision of
the IED manufacturer to allowsane or both of these options by means of his tools. It has to
be kept in mind, that theselparts also have to obey special uniqueness restrictions, i.e.
can not be used completely free. The following usage could be possible: The LD name,
part 1 in Figure 10, is the name of the switch yard function or function type, to which the
LN relates. If it is a PrimaryDevice, the name parts from substation name to bay name can
be used as part~1;;and the PrimaryDevice name (possibly followed by a sub equipment
name) can be used in part 2 (LN prefix). If LNs are attached to higher levels than the bay
level, naturally. the part 1 has to be shortened appropriately, and the part 2 in Figure 10
stays empty,” or can be used for the level where the LN is attached to. Observe that
according)to IEC 61850-7-2, the part 1 (LDName) must be unique within the subnetwork,
i.e. itusvnot allowed to appear on two different IEDs connected to the same subnetwork.
So{dif-you have a main1 protection IED and a main2 protection IED in the same bay E1Q1,
each with exactly one logical device for protection, and you use functional naming via the
IdName attribute, then the LD Name could e.g. be E1Q1F1 for main 1, and E1Q1F2 for
main 2 (F stands for protection functions in IEC 81346).
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LDName LNName
LN Prefix LN class |LN Instance no
L IED Section:
Attribute Inst of element LN

Substation section: Substation section:
Attribute Name of element substation and Attribute Name of element
of element VoltageLevel and Equipment
of element Bay and of element SubEquipment

Figure 12 — Possible elements of the signal name using functional naming

The SCL language allows both options, even separate for different“IEDs. The mandatory
option is the product-related naming. If function oriented namingyis needed, the (optional)
function oriented LD name has to be explicitly specified féry each logical device. It is
recommended to use the LN instance number in such away that the LN class and LN
instance number together are always unique. This allows ‘the way of naming (with/without
prefix) to be changed at a later time, and even to laterreplace preconfigured prefixes by
prefixes related to the functional structure. The use of‘these features might be restricted by
the IED manufacturer if an IED has a fixed prefix and\I!N instance number, i.e. does not allow
to change this for a certain LN instance later on. [n this case function-related naming can be
chosen only at LD level. Observe that also the D inst name part is under control of the IED
configurator only and might be fixed for a certain IED type, because it serves as manufacturer
identification of the logical device on thisJJED type. The IED name however and the (function
oriented) LD name, if supported at all, shall be freely choosable by a system integrator. In any
case, as for product-related naming, the meaning of a LN in the context of the switch yard can
be established via the LN link from the substation section to the IEDs.

Observe that SCL internal references to logical nodes and data objects always use the IED-
related names, even if anaother communication-related name (LD name) is defined.

8.5.4 Signal identifications usable by applications

The communication-related names, even if function oriented, depend on manufacturer
supplied engipeering capabilities as well as the concrete distribution of logical nodes on the
IEDs. Applications needing a functional view independent from this should use a signal
identification“based on the Substation structure names down to the LN class, and then
followed) by the semantically completely standardized data object and attribute names. A
switch position could then be identified by the path name <substation name (AA1)><voltage
levelh'name (J1)><bay name (Q1)><Equipment name (QB1)>CSWI|.Pos, an earth fault
protection function in Main1 e.g. by the path name <substation name (AA1)><voltage level
mame (J1)><bay name (Q1)><function name (Main1)><Subfunction name (EF1)>PTOC.Op.

The SCL language allows this kind of application-related naming in parallel to the
communication-related naming, and a complete SCD file might serve as a data base to
translate from one to the other.

If several LN instances of the same class shall be allocated to the same equipment, this leads
to non unique application related names. To avoid this, additional Function / SubFunction
respective EqFunction / EqSubfunction hierarchy levels must be introduced below the
common element. In reference to the above example, a main 2 earth fault function PTOC for
bay J1Q1 can be allocated to a function Main2 with subfunction EF1.
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8.5.5 Naming example

Figure 13 shows an example of an IED with LNs, which control a circuit breaker QA1 of bay
Q1 at voltage level E1. The naming is chosen according to the IEC 81346 series. In this
example, the IED as a product has the same higher-level product designation part according
to the bay (-E1Q1) as the controlled circuit breaker QA1 has in its functional designation
(=E1Q1QA1). Figure 13 shows the resulting references within different structures, and the
resulting LN reference for communication.

I
Voltage level | ——— % E1

In the substation structureg
this CBRis,identified as

=E1Q1QA1

; Q1 .‘IIIIIIIIIIIIIIII:E
i - B w i Inthe substation structure
| | sB1 . 3 this LN is identified as

IED : z . =E1Q1QA1CSWI2
E LN1 | |LN2 LN1 | |LN2"" — ' I Inthe IED (product)
i s structure
_ ! LD1 LD2 \ . this LN is identified as
| 2 -E1Q1SB1LD2CSWI2

Station bus | —»

wi

In the communication structure
this connection is idenfified as

W1E1Q1SB1S1

In the|ED structurethis LD
1s identified as

-E1Q1SB1LD2

Figure 13 — Names within different structures of the object model

If DATA of LN2 of LN classyCSWI within LD2 are now named with names from the function
structure, i.e. the LD2.LDName would be the bay name E1Q1, then the LN reference
according to IEC 61850-~7-2 would be E1Q1/QA1CSWI2. If the references were taken from the
product structure, it.would be E1Q1SB1LD2/CSWI2. Observe that the whole name in each
case shall be unique within the subnetwork, which is the case for both names above.
However, in thecase of the functional name, the LD reference E1Q1 alone is not necessarily
unique within-the subnetwork (only within the IED). It is the responsibility of the project
engineer tQ assure that there is no other IED with LDName E1Q1 — which restricts the system
architeeture with functional naming to one IED per bay. The application level functional name
E1Q1QA1CSWI however is again unique, and independent from communication level
functional or IED-related naming.

—9—The-S€Lsyntaxelements

9.1 Header

The header serves to identify an SCL configuration file and its version. The UML diagram
given in Figure 14 gives an overview on its structure. All SCL file instances shall have a
header element.
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dass Header Sectiun/
tHeader
+ id :xs:normalizedString +History _
+ nameStructure xs:Name [0..1] ="IEDName® - - 5'1 History
+ revision xsnormalizedString [0..1]="" "
+ toollD :xs:normalizedString [0..1] ,
+ wersion xsnormalizedString [0..1]

+Texty| 0.1 )
+Hitem 1.%

tText .
tHitem

+ source xsanyURl [0.1]

refision -xs:normalizedStrir
@\ version xsnormalizedStrin
4 what xs:normalizedString [
+ when xs:normalizedString

+ who xsnormalizedString [Q).
tAnyContentFromOtherNamespace - |<—— _ . 9l
+ why xs:normalizedString [J..

S

1]
1]

Figure 14 — UML.diagram of Header section

Here is the XML schema definition,part

<xs:complexType name="tHeader">
<xs:sequence>
<xs:element name="Text"\type="tText" minOccurs="0"/>
<xs:element name="Hlistory" minOccurs="0">
<xs:complexType>
<xs:sequence>
<xs:element name="Hitem" type="tHitem" maxOccurs="unbounded"/>
</X&:sequence>
</xs:cemplexType>
</xs:element>
</xs:sequence>
<xstattribute name="id" type="xs:normalizedString" use="required"/>
<ks:attribute name="version" type="xs:normalizedString"/>
<x8:attribute name="revision" type="xs:normalizedString" default=""/>
<xs:attribute name="toollD" type="xs:normalizedString"/>
<xs:attribute name="nameStructure" use="optional" default="IEDName">
<xs:simpleType>
<xs:restriction base="xs:Name">

<xs:enumeration value="IEDName"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:complexType>

The attributes of the Header element are defined in Table 3.
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Table 3 — Attributes of the Header element
Attribute name Description

id A string identifying this SCL file, mandatory (can be empty)

version The project specific version of this SCL configuration file (can be empty, if only one
version exists)

revision The project specific revision of this SCL configuration file, by default the empty string
IIICGII;IIu thU Ul;y;lla: bUfUIU Glly ICV;O;UII I’ U:‘IGIIyU.

toolID The manufacturer specific identification of the tool that was used to create the SCL
file

nameStructure Element provided optional only for backward compatibility with previous SCL sehema
version. If given at all, only the IEDName value is allowed

The Text element is optional, and has the following syntax:

<xs:complexType name="{Text" mixed="true">
<xs:annotation>
<xs:documentation xml:lang="en">Allows an unrestricted mixture of character(Content and element content
and attributes from any namespace other than the target namespace.</xs:documentation>
</xs:annotation>
<xs:complexContent mixed="true">
<xs:extension base="tAnyContentFromOtherNamespace">
<xs:attribute name="source" type="xs:anyURI" use="optional*/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

Instead of putting text into this element, a referénce to another file can also be given as URI
in the source attribute.

NOTE The Text syntax element for describing ¢ext‘is used in several places, essentially in all elements derived
from the {BaseElement (see 8.1 and A.1).

The revision history is optional. It describes the modification history of the containing file. This
means e.g. that in principle the history of an SCD file is independent from that of 1ID and ICD
files it is based on, although the"SCD file history might contain the inclusion of a specific I1ID
file version and revision inta™a project as comment.

The same syntax can-be‘used also for other documents requiring a revision history. If present,
it should have the follewing form:

<xs:complexType-hame="tHitem" mixed="true">
<xs:annetation>
<xssdocumentation xml:lang="en"> Allows an unrestricted mixture of character content and element content
and attributes from any namespace other than the target namespace, along with the 6 following attributes: Version,
Revision; When, Who, What, and Why</xs:documentation>
</xs:annotation>
<xs:complexContent mixed="true">
<xs:extension base="tAnyContentFromOtherNamespace">
<xs:attribute name="version" type="xs:normalizedString" use="required"/>

" =" " =" ead!/
€6~

<xs:attribute name="when" type="xs:normalizedString" use="required"/>
<xs:attribute name="who" type="xs:normalizedString"/>
<xs:attribute name="what" type="xs:normalizedString"/>
<xs:attribute name="why" type="xs:normalizedString"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The history contains several history item entries. Each item identifies a (previously) approved
version of this SCL file by means of the attributes described in Table 4. A text within the items
can be used to explain further details to this version.
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Table 4 — Attributes of the History item (Hitem) element

Attribute name Description
version The version of this history entry
revision The revision of this history entry
when Date when the version/revision was released
who Wha made/approved this version/revision
what What has been changed since the last approva
why Why the change has happened

The following example shows a header without history:

<Header 1id="1KHL1000546" version="1" revision=""
toolId="mySystemTool V1.2">My SA Prdjéct</Header>

9.2 Process description
9.2.1 General

The process section serves to describe the functional structure of a primary process like a
power plant or a substation, and to identify the primary devices and their electrical
connections inside substations and power networks. For an industrial process or to describe
whole power networks, it is possible to have severalssubstation sections and Line sections
modelling the connection between the substations, one substation section for each substation
served by the automation system. Sets of substations can be structured by means of the
Process element. By means of logical nodes, attached to the primary process elements, this
clause defines additionally the system functionality (for example, in an SSD file), or, in the
case where the logical nodes are already. allocated to IEDs (SCD file), the relation of IED
functions to the power system.

Note that the name attribute is always mandatory and shall not be the empty string. If the
substation, line or process section is used as the template within an ICD file, then the name
shall be TEMPLATE. The name-value at the highest level is also a global identification of the
element, because it shall bg unique for all elements contained in the SCL file at the same
level.

If the desc attribute is’missing, its default value is an empty string.

The Process and Function related elements have additionally an optional type attribute, which
allows to define the type of the process / function object. It is recommended that other
applicationareas standardize on these type values.

Logical nodes (LNode) can be attached at each level of the structure (i.e., process, line,
substation, voltage level, bay, equipment, subequipment respective function, subfunction).
Power transformers (PowerTransformer) can also be attached at the structure levels
d , dana pday. onau g equipme ornau rgequiprner dall ONly be
attached to the bay level. Logical node instances at the same level shall have different
identifications.

The UML diagram of Figure 15 gives an overview on the substation section:
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Figure 15 — UML diagram of Substation section

The appropriate schema part is as follows:

These basic type definitions are used for the elements:

<Xxs:Include schemaLocaton="SCUL_Base lypes.xsd"/

<xs:attributeGroup name="agVirtual">

<xs:attribute name="virtual" type="xs:boolean" use="optional" default="false"/>

</xs:attributeGroup>

<xs:complexType name="tLNodeContainer" abstract="true">

<xs:complexContent>
<xs:extension base="tNaming">
<xs:sequence>

<xs:element name="LNode" type="tLNode" minOccurs="0" maxOccurs="unbounded"/>

</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>

<xs:complexType name="tPowerSystemResource" abstract="true">

<xs:complexContent>
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<xs:extension base="tLNodeContainer"/>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tEquipmentContainer" abstract="true">
<xs:complexContent>
<xs:extension base="tPowerSystemResource">
<xs:sequence>
<xs:element name="PowerTransformer" type="tPowerTransformer" minOccurs="0"
maxOccurs="unbounded">
<xs:uniqgue name="uniqueWindinglnPowerTransformer">

XS SEleCtor XpatT="/scr Transformerwindimng*/=
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="GeneralEquipment" type="tGeneralEquipment" minOccurs="0"
maxOccurs="unbounded"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>

Then the Substation type is as follows:

<xs:complexType name="tSubstation">
<xs:complexContent>
<xs:extension base="tEquipmentContainer">
<xs:sequence>
<xs:element name="VoltageLevel" type="tVoltageLevel" maxOccurs="unbounded">
<xs:unigue name="uniqueBayInVoltageLevel">
<xs:selector xpath="./scl:Bay"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unigue name="uniquePowerTransformerinVoltageLevel">
<xs:selector xpath="./scl:PowerTransformer"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unigue name="uniqueGeneralEquipmentinVoltageLevel">
<xs:selector xpath="./scl:GeneralEquipment"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unigue name="uniqueChildNamelnVoltageLevel">
<xs:selector xpath="./*"/>
<xs:field xpathi="@name"/>
</xs:unique>
</xs:element>
<xs:element name="Function" type="tFunction" minOccurs="0" maxOccurs="unbounded">
<xs:unigué name="uniqueSubFunctionInFunctionVL">
<xs:selector xpath="./scl:SubFunction"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unigue name="uniqueGeneralEquipmentinFunctionVL">
<xs:selector xpath="./scl:GeneralEquipment"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The Substation element is of type tSubstation as shown above. It is an tEquipmentContainer,
i.e. it might contain logical nodes (LNode) as well as power transformers (PowerTransformer).
Further it contains at least one voltage level, and optionally several Function elements.
System functions or equipment, which do not belong to the power system, can be described
by the Function element.

The general Substation element (of type tSubstation), which is referred to by the SCL
element, includes additionally several identity constraints:

e Within a Substation, there cannot be two VoltageLevel elements with the same name.
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e Within a Substation, there cannot be two direct PowerTransformer elements with the
same name.

e Within a Substation, there cannot be two Function elements with the same name.

e Within a Substation, there cannot be two LNode elements with the same combination
of Inlnst, InClass, iedName, IdInst, and prefix.

o Further, in order to avoid any ambiguities, within a Substation there cannot be two
direct child elements with the same name

e In general, at each hierarchy level within the substation section all names shall be
unique, leading to unique object references (path names) of all objects defined by the
substation naming hierarchy.

Restrictions

e The substation name shall be unique within an SCL file.

e For a primary system template within an ICD file, the highest levéb~-name shall be
TEMPLATE. There can be a maximum of one template in one SCL file:

o Within a Substation or a Line, the attribute pathName of a ConnectivityNode acts as a key
(a ConnectivityNode may appear at bay level below the Substation, or inside a Line
element). This implies that there cannot be two ConnectivityNode elements with the same
pathName. The connectivityNode attribute of each Terminalin’this Substation or Line must
then refer to one of these keys.

e Substation terminals shall not reference connectivity.nodes inside Line elements.

The Process element is a logical node container, which“can be used for other processes than
substations, or to group several substations into parts of a power grid. For the first purpose it
can also contain equipment elements. It can be recursively used, and its type attribute can
indicate the type of the process part / process object identified by the name attribute. It is
recommended that the standards for the application areas standardize the type attribute
values.

The structure of the Process and Line elements is shown as UML diagram in Figure 24.
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Figure 24 — UML diagram of Process and Line elements

The general Process element (of type tProcess, see Figure 24), which is referred to by the
SCL element, includes additionally several identity constraints:

e Within a Process, there cannot be two Substation elements with the same name.

e Within a. Process, there cannot be two direct ConductingEquipment or
GeneralEguipment elements with the same name.

e Within’a Process, there cannot be two Function elements with the same name.

e ANithin a Process, there cannot be two LNode elements with the same combination of
Ininst, InClass, iedName, IdInst, and prefix.

e Further, in order to avoid any ambiguities, within a Process there cannot be two direct
child elements with the same name.

e In general, at each hierarchy level within the Process section all names shall be

unique, leading to unique object references (path names) of all objects defined by the
substation naming hierarchy.

Further, inside system specifications, the following rule holds:

For a primary system template within an ICD file, the Process name shall be TEMPLATE.
There can be a maximum of one Process element named TEMPLATE per level in one SCL
file.

Process elements at different levels in a hierarchy branch, which have a type defined,
should have different types. Any exceptions shall be explicitly defined for this usage.
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The Line element is a logical node container, which can be used to model lines between
substations of a power grid. It can contain equipment elements modelling line segments,
general equipment and connectivity nodes.

The Line element has similar restrictions as all other process elements, namely that

e each contained element shall have

©
c
3
el
c
®
=}
©
3
©

Terminals inside Line elements are allowed to reference connectivity nodes in substations:
Substations shall never reference connectivity nodes inside Line elements.

9.2.2 Voltage level

A VoltagelLevel element is of type tVoltagelLevel as shown below. It has an optional element
Voltage of type tVoltage, which can be used to state the voltage of thiswvoltage level.
Furthermore, as tEquipmentContainer it might contain logical . ,nodes (LNode),
GeneralEquipment and power transformers (PowerTransformer), andVit contains one or
several bays by means of the Bay element, and may contain Function €lements.

<xs:complexType name="tVoltageLevel">
<xs:complexContent>
<xs:extension base="tEquipmentContainer">
<xs:sequence>
<xs:element name="Voltage" type="tVoltage" minOccus="0"/>
<xs:element name="Bay" type="tBay" maxOccurs=7unbounded">
<xs:unigue name="uniqueChildNamelnBay">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unique name="uniqueLNodelnBay">
<xs:selector xpath="./scl:LNede"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass'/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@Idmnst"/>
<xs:field xpath=t@prefix"/>
</xs:unique>
</xs:element>
<xs:element name="Function" type="scl:tFunction" minOccurs="0" maxOccurs="unbounded">
<xs:unigue.name="uniqueLNodelnFunctionVL">
<xs!selector xpath="./scl:LNode"/>
<xs:field xpath="@]nInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@]dInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unigue name="uniqueChildNamelnVoltageLevelFunc">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="nomFreq" use="optional">
<xs:simpleType>
<xs:restriction base="xs:decimal">

<xs:minlnclusive value="0"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="numPhases" use="optional">
<xs:simpleType>
<xs:restriction base="xs:unsignedByte">
<xs:minExclusive value="0"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:extension>
</xs:complexContent>

</xs:complexType>
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Beneath name and desc like any equipment container the voltage level has the following
additional attributes:
e nomfFreq: the nominal frequency in Hz, 0 for DC systems. If missing, the nominal
frequency is not known.

e numPhases: the number of phases of the single line considered, typically 1, 2 or 3. If
missing, not known.

Several identity constraints are defined (in fact, they are defined in tSubstation above):

o Within a VoltagelLevel, there cannot be two Bay with the same name.

o Within a VoltagelLevel, there cannot be two direct child PowerTransformer elements
with the same name.

e Within a VoltagelLevel, there cannot be two direct child GeneralEquipment with the
same name.

e Further, in order to avoid any ambiguities, within a VoltageLevel, therée cannot be two
direct child elements with the same name.

Restrictions

e The voltage level name shall be unique within the substationt

e The bay name and function name shall be unique within @woltage level.
9.2.3 Bay level

The Bay element is of type tBay. As an equipment container, it might contain power
transformers, general equipment and logical nodes. Additionally, it might host conducting
equipment (ConductingEquipment) and conpegtivity nodes (ConnectivityNode), which are
used to define topological connections()between conducting equipment and power
transformers within a single line diagram~and Function elements, e.g. for different protection
functions.

<xs:complexType name="tBay">
<xs:complexContent>
<xs:extension base="tEquipmentContainer">
<xs:sequence>
<xs:element nafme="ConductingEquipment" type="tConductingEquipment" minOccurs="0"
maxOccurs="unbounded"/>
<xs:elemeftname="ConnectivityNode" type="tConnectivityNode" minOccurs="0"
maxOccurs="unbounded"/>
<xs:element name="Function" type="tFunction" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueSubFunctionInFunction">
<xs:selector xpath="./scl:SubFunction"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unique name="uniqueGeneralEquipmentinFunction">
<xs:selector xpath="./scl:GeneralEquipment"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>

IIAD.UAtUI IbiUI 1
</xs:complexContent>
</xs:complexType>

The ConnectivityNode element allows the explicit definition of connectivity nodes within this
bay, and as tLNodeContainer, logical nodes (LNode) can be attached to it. Its Text sub-
element can be used to contain some freely usable description. Its name attribute identifies
the ConnectivityNode instance within the bay; its pathName is an absolute reference within
the SCL file. The pathname is build by all higher level references down to the connectivity
nodes name, concatenated with the character “/”. For instance, if the connectivity node L1 is
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within bay Q2 of voltage level E1 of substation Baden, then the pathname is
“Baden/E1/Q2/L1".

NOTE 1 The separator “/” has been purposely selected, because the dot “.” might appear as part of the names at
higher hierarchy levels, for example at bay level.

<xs:complexType name="tConnectivityNode">
<xs:complexContent>
<xs:extension base="tLNodeContainer">

Ab.dttl ;IUUtU rart |t;—"pati Ill‘llal 1 |c" tpr—"tRCIﬂ' UDU—"I cquil Cumll
</xs:extension>
</xs:complexContent>
</xs:complexType>

NOTE 2 If a bus bar bay does not contain any primary devices, it can be modelled as a bay that centains only
connectivity nodes.

Several identity constraints are defined (in fact, they are defined in tVoltagelievel — see the
code in Annex A):

e Within a Bay, there cannot be two direct child elements Powerlransformer with the
same name.

e Within a Bay, there cannot be two direct child elements ConductingEquipment with the
same name.

o Within a Bay, there cannot be two direct child eleménts GeneralEquipment with the
same name.

e Further, in order to avoid any ambiguities, within a Bay, there cannot be two direct
child elements with the same name.

An example substation section can be found in-9.2.8.

NOTE 3 If no bays are needed within a voltage level, then the whole voltage level can be modelled as just one
bay. It has only to be kept in mind, that this virtual\bay needs a name of at least one character length.

9.2.4 Power equipment

The power equipment is subdivided into the PowerTransformer and ConductingEqupipment.
The PowerTransformer might" appear in each equipment container, and contains the
transformer windings as special ConductingEquipment. To each transformer winding, a tap
changer and a neutral peint can be allocated. All other ConductingEquipment might appear in
the bays only. AllLsequipment is derived from the tEquipment base type, and the
ConductingEquipment'from the tAbstractConductingEquipment type.

The UML diagram given in Figure 16 gives an overview about the equipment inheritance
relations.
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The appropriate schema part is as follows.

Figure 16 — UML diagrams for equipment type inheritance and relations

<xs:complexType name="tEquipment" abstract="true">
<xs:complexContent>
<xs:extension base="tPowerSystemResource">
<xs:attributeGroup ref="agVirtual"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tAbstractConductingEquipment" abstract="true">
<xs:complexContent>
<xs:extension base="tEquipment">
<xs:sequence>
<xs:element name="Terminal" type="tTerminal" minOccurs="0" maxOccurs="2"/>

<xs:element name="SubEquipment" type="tSubEquipment" minOccurs="0" maxOccurs="unbounded">
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<xs:unique name="uniqueLNodeInSubEquipment">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInACESubEquipment">
<xs:selector xpath="/*"/>

<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tConductingEquipment">
<xs:complexContent>
<xs:extension base="tAbstractConductingEquipment">
<xs:sequence>
<xs:element name="EqFunction" type="scl:tEqFunction" minOccurs="0" maxQcelrs="unbounded">
<xs:unique name="uniqueLNodeInFuncForCE">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInFuncForCE">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="type" type="tCommon€onductingEquipmentEnum" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tSubEquipment">"
<xs:complexContent>
<xs:extension base="tPowerSystemResource">
<xs:sequence>
<xs:element namé="EqFunction" type="scl:tEqFunction" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInFuncForSubEq">
<xsyselector xpath="./scl:LNode"/>
<xsfield xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInFuncForSubEq">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>

<¥xs'attribute name;iphaseltype;itp_haseEnwnLuse;ﬂgpﬁgna]" dnf;mlf—"nnnp"’/>
<xs:attributeGroup ref="agVirtual"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tPowerTransformer">
<xs:complexContent>
<xs:extension base="tEquipment">
<xs:sequence>
<xs:element name="TransformerWinding" type="tTransformerWinding" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInTransformerWinding">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
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<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>

</xs:unique>

<xs:unique name="uniqueChildNameInPTW">
<xs:selector xpath="./scl:SubEquipment|./scl: TapChanger|./scl:EqFunction"/>
<xs:field xpath="@name"/>

</xs:unique>

</xs:element>

<XS* _n H " —_n H " H " —n

<xs:unique name="uniqueLNodeInSubEquipmentPTR">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInPTRSubEquipment">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>

<xs:element name="EqFunction" type="scl:tEqFunction" minOccurs="0"maxOccurs="unbounded">

<xs:unique name="uniqueLNodeInFuncForPTR">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInFuncFerPTR">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="type" type="tPowerTransformerEnum" use="required" fixed="PTR"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tTransformerWinding">
<xs:complexContent>
<xs:extension base="tAbstractConductingEquipment">
<xs:sequence>
<xs:elementame="TapChanger" type="tTapChanger" minOccurs="0">
<xs:uhigue name="uniqueLNodeInTapChanger">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<l--<xs:unique name="uniqueSubEquipmentLTC">
<xs:selector xpath="./scl:SubEquipment"/>
<xs:field xpath="@name"/>
<xs:field xpath="@phase"/>

I/\(':'I |nin|| 18>
<xs:unique name="uniqueChildNameInLTC">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="NeutralPoint" type="tTerminal" minOccurs="0"/>

<xs:element name="EqFunction" type="scl:tEqFunction” minOccurs="0" maxOccurs="unbounded">

<xs:unique name="uniqueLNodeInFuncForPTW">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
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<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInFuncForPTW">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="type" type="tTransformerWindingEnum" use="required" fixed="PTW"/>
</xs:.extension>

< /xs:complexContent>
</xs:complexType>
<xs:complexType name="tTapChanger">
<xs:complexContent>
<xs:extension base="tPowerSystemResource">
<xs:sequence>
<xs:element name="SubEquipment" type="scl:tSubEquipment" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInSubEquipmentLTC">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInLTCSubEquipment">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="EqFunction" type="scl:tEqFunctien! minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInFuncForLTC">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInFuncForLTC">
<xs:selector xpath=*/*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="type" type="xs:Name" use="required" fixed="LTC"/>
<xs:attributeGroup ref="agVirtual"/>
</xs:extension>
</xs:complexContent>
</xs:complexType
<xs:complexTypename="tGeneralEquipment">
<xs:complexContent>
<xsiextension base="tEquipment">
<xs:sequence>
<xs:element name="EqFunction" type="scl:tEqFunction" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInFuncForGE">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>

xs'field ypaj;h;ﬂ@,;edﬂamp"‘/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInFuncForGE">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="type" type="tGeneralEquipmentEnum" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
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Observe that all equipment of type tEquipment, and all subequipment of type tSubEquipment
as well as the tap changer ({TapChanger) also have, beneath the normal name and desc
attributes, an optional virtual attribute (agVirtual). If the substation section is just used for
function-related naming, this is not really used. However, there are some applications where
functions (LNs) calculate values belonging to some ‘virtual’ equipment, for example a phase
current is calculated from the measured values of the other two phases. In this case, it is
important to know that the third phase CT is only ‘virtually’ there, and not in reality. This can
be indicated by setting the virtual attribute to true. Its default value is false.

To allow functional identification also below equipment level, all equipment elements allow to
contain EqFunction definitions. These are essentially the same as the Function / SubFunction
structures above equipment, however do not allow another equipment of the same ‘Class
inside it.

Terminals and their connections to the connectivity nodes (see
tAbstractConductingEquipment) model the substation topology on the level«efa single line,
i.e. the number of phases and special connections between phases are nof\considered here.
The maximum number of possible connections to connectivity nodes depends on the terminals
available for a device function type. The type codes given in Tablec5.for attribute type are
selected, based as far as possible on IEC 61850-7-4 LN class names.

Table 5 — Primary apparatus device type-codes

Number of terminals
Type code Meaning (connections to different
connectivity nodes)
CBR Circuit Breaker 2
DIS Disconnector or earthing switch 2
VTR Voltage Transformer 1
CTR Current Transformer 2
PTW Power Transformer Winding 1/2
PTR Power Transformer Implicit via windings
LTC Load Tap Changer Part of winding
GEN Generator 1
CAP Capacitor bank 1/2
REA Reactor 1/2
CON Converter 1/2
MOT Mator 1
FAN Fan 1
PMP Pump 1
EFN Earth Fault Neutralizer (Petersen coil) 1
PSH Power Shunt 2
BAT Battery 1
BSH Bushing 2
CAB Power cable 2
GIL Gas Insulated Line 2
LIN Power overhead line or line segment: line segments connected by 2
connectivity nodes form a line. A line segment within a substation
could be used to attach for example special LNs, or physical line
properties. For a GIS line segment, GIL could be used instead.
RES Neutral resistor 2
RRC Rotating reactive component 1
SAR Surge arrester 1
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Number of terminals
Type code Meaning (connections to different
connectivity nodes)
SCR Semiconductor controlled rectifier 2
SMC Synchronous Machine 1
TCF Thyristor controlled frequency converter 2
TCR Thyristor controlled reactive component 2
IFL Infeeding line; substation limiting object; models a possibly 1
infeeding power network line outside the substation at the single
line border

In addition, private types may be used. To allow compatibility with future enhancements of
this standard, they shall start with the character E, contain only capital letters;~and have at
least three letters.

Observe that the second terminal for a power transformer winding jsi-only foreseen for a
tapped transformer, while the winding contains a special element-for a neutral point
connection terminal, to which e.g. (one phase) earthing switches canibe connected. Only one
neutral point connection terminal is allowed per winding.

A terminal definition contains the reference to a connectivity‘node to which the equipment is
connected (ConnectivityNode in the model of Figure 6)) and optionally the name of the
equipment terminal, which connects to this connectivity node. As reference to the
ConnectivityNode the path name as well as a list pf\attributes is used. Both are mandatory.
The path name reference allows to check the connegtion consistency already on XML schema
level, while the attribute list is easier to interpret.by most tools.

<xs:complexType name="tTerminal">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:attribute name="name" type="tAnyName" use="optional" default=""/>
<xs:attribute name="connectivityNode" type="tRef" use="required"/>
<xs:attribute name="processName" type="tProcessName" use="optional"/>
<xs:attribute name="lineName" type="tName" use="optional"/>
<xs:attribute name="substationName" type="tName" use="optional"/>
<xs:attribute name="noltageLevelName" type="tName" use="optional"/>
<xs:attribute name=tbayName" type="tName" use="optional"/>
<xs:attribute name="cNodeName" type="tName" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
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Table 6 — Attributes of the Terminal element
Attribute name Description
name The optional relative name of the terminal at this Equipment. The default is the empty

string, which means that the name of the ConnectivityNode is also the terminal
identification.

desc Descriptive text to the terminal

FERRTIN N Dr | Tlo ilo ftlo FENRTY ot loiado—ilo-iemi H 1 4 el o [ H 4
coOMEeCTvITyTNOCe rmepatmmanmeor e conm ettty ottt Wit tntS—termar commectST e —gqupment

shall not be connected, then the whole Terminal element shall be removed.

processName The name of a process element containing the connectivityNode (if any — else missing)

lineName The name of a line element containing the connectivityNode (only used inside Ling
element)

substationName The name of the substation containing the connectivityNode (only used to reference a

substation, not a line)

voltageLevelName The name of the voltage level containing the connectivityNode (only used to reference a
substation, not a line)

bayName The name of the bay containing the connectivityNode (only used.to reference a
substation, not a line)

cNodeName The (relative) name of the connectivityNode within its bay

References to connectivity nodes inside a line are only allowed inside Line elements. In this
case the lineName attribute is required. For references. té connectivity nodes in substations
from Substation or Line elements lineName shall not/be used, instead substationName,
voltageLevelName and bayName are required.

Equipment terminal identifications are in genetal only needed if the device polarizes the
power flow, i.e. the connections are not intefchangeable. If the terminal name attribute is left
empty, but a terminal designation is needed; then the default is the equipment identification
(substationName voltageLevelName bayName equipmentName) together with the connectivity
node identification connectivityNode.

There is one predefined connegtivity node with the name grounded. This is used to model
earth potential. Thus, an earthing switch is an isolator (equipment type DIS) that is connected
on one side to the connectivity node grounded. It is up to the generating tool to decide if
grounded is one single node for the whole substation, or a separate node at each place
where connected, or.something in between, for example per bay or voltage level, by
generating appropriate pathNames.

9.2.5 SubEquipment level

SubEquipment are parts of the power equipment, like a pump is part of a switch, or like a
phase ©f a switch is a part of the whole switch. They especially allow the specification of a
phase Yelation of LNs. Therefore SCL allows SubEquipment only at conducting equipment
(elements ConductingEquipment, PowerTransformer, TransformerWinding and TapChanger).

)\b.bUlllpiG)\TypG ||al||c—"t3uquuiplnc||t"
<xs:complexContent>
<xs:extension base="tPowerSystemResource">
<xs:attribute name="phase" type="tPhaseEnum" use="optional" default="none"/>
<xs:attributeGroup ref="agVirtual"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
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Table 7 — Attributes of the SubEquipment element
Attribute name Description

name The identification of the subEquipment relative to the equipment designation (for example
L1, if related to phase A)

desc A textual description of the subEquipment relative to the device

phase The phase to which the subEquipment belongs. The following phase values are allowed:
A, S, C, IAV‘ (Ilcutla:), Gl’l’ (IIIUGII;IIy G:: thIUU PhGOUD), rnmourTre (dcfau:t, IIIUGII;IIS IIUt phaoc
related). The following additional values are only allowed, if the ConductingEquipment
above has type VTR: AB, BC, CA, meaning a VT connected in between the appropriate
phases.

virtual Set to true, if the subEquipment (for example phase CT) does not exist in reality, butlits
values are just calculated. Optional, default is false

9.2.6 Process function logical nodes

All equipment and equipment containers are also logical node containerns: The logical node
(abbreviated here as LN) defines the SA function part performed at the appropriate level of
the hierarchy. The LNode element identifies the function by specifying a logical node as
defined in IEC 61850-5, IEC 61850-7-x or other domain standards{fThe optional attribute desc
may contain some operator-related text describing the LN and jt§ usage.

<xs:complexType name="tLNode">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:attribute name="iedName" type="tIEDName" use="optional" default="None"/>
<xs:attribute name="ldInst" type="tLDInstOrEmpty" use="optional" default=""/>
<xs:attribute name="prefix" type="tPrefix" use="optional" default=""/>
<xs:attribute name="InClass" type="tLNClassEndym" use="required"/>
<xs:attribute name="InInst" type="tLNInstOrEmpty" use="optional" default=""/>
<xs:attribute name="InType" type="tName" dse="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The logical node and its function islidentified by the element attributes. The LNode element
can be used within an SSD for functional specification, without allocation to an IED. In this
case the iedName shall be Nohle. This name None is forbidden for an IED definition in the
IED section. For more detailed*specification InType may refer to a logical node type definition
(9.5.2), which then also defines the optional data objects required to exist in this special case,
or defines certain values; which some (configuration) parameters shall have. If the logical
node is later allocatedo an IED within an SCD, then the value of this InType attribute can be
ignored, or may be-used to check if the logical node type used on the IED fulfills the
requirements.

The attributes’ of the LNode element are described in Table 8.
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Table 8 — Attributes of the LNode element
Attribute name Description

InInst The LN instance identification. Can only be missing for InClass=LLNO, meaning as value
here the empty string

InClass The LN class as defined in IEC 61850-7-x or other domain standards

iedName Tne_lna!m_e of t‘he IED{_which contains the LN, none if used for specification (default if
attribotetsTot-specifredy

IdInst The LD instance on the IED which contains the LN. Within a specification (SSD file),

where iedName=None, this shall result in unique LN instance identification, i.e. may
contain the LD name

prefix The LN prefix used in the IED (if needed; default, if not specified, is the empty string). Can
be used for more detailed function specification than possible by LN class alone,"if the LN
is not allocated to an IED

InType The logical node type definition containing more detailed functional specification. Might be
missing, especially if the LN is allocated to an IED.

NOTE For LLNO, the value of inst is the empty string. In all other cases, it is an unsigned integer.

The iedName identifies the IED on which the LN resides, the IdInst the LD within this IED to
which the LN belongs. The attributes prefix, InClass and ifast’ (meaning the LN instance
identification according to IEC 61850-7-x or other domain standards) then identify the logical
node within that LD. In this way, the binding between the ‘substation function and the SA
system is defined.

Restrictions

e A logical node instance within an IED can Jonly be referenced once within all substation
sections.

o Therefore, the combination of iedName, Idinst, prefix, InClass and Ininst shall be unique
within all substation sections if iedName is not None.

e The naming conventions for all these name parts shall be followed, even if used within a
specification.

For specifications where iedName="None” everywhere, the combination of the other attributes
must be unique within the same level. This means e.g. that the prefix or Inlnst should be
different if several LNs with identical InClass are used within the same substation part (i.e.
same bay). This should also be the case for IED names, if application related naming (see
8.5.4) shall be used. This is NOT checked by the SCL schema, therefore it is the
responsibility ,ef\the project engineer or system tool, if application related naming shall be
used additionally to product (IED)-related naming.

9.2.7 Non power equipment

To'be able to model the connection of IED hosted logical nodes to functions other than power
system-related ones such as fire fighting equipment or door supervision, the Process section
as well as the Substation sections contain the element Function, which again contains an

arbitrary number of recursive SubFunction elements. Both elements are logical node
containers and may also contain GeneralEquipment, if necessary. Both Function and
Subfunction have the name, type and desc attributes, and might also contain the Text and
Private elements. However, there are no connections defined between the equipment. It is
possible to have ConductingEquipment within these elements to model relations between
electrical and non-electrical parts. The ConductingEquipment then might contain (electrical)
connection definitions to the electrical part.The SubFunction element can be used recursively
to allow arbitrary function name levels.

<xs:complexType name="tFunction">
<xs:complexContent>
<xs:extension base="tPowerSystemResource">
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<xs:sequence>
<xs:element name="SubFunction" type="tSubFunction" minOccurs="0" maxOccurs="unbounded">
<xs:unigue name="uniqueGeneralEquipmentinSubFunction">
<xs:selector xpath="./scl:GeneralEquipment"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="GeneralEquipment" type="tGeneralEquipment" minOccurs="0"
maxOccurs="unbounded"/>
<xs:element name="ConductingEquipment" type="tConductingEquipment" minOccurs="0"

mMaxuccurs=-unpounaeda /-
</xs:sequence>
<xs:attribute name="type" type="xs:normalizedString" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

<xs:complexType name="tSubFunction">
<xs:complexContent>
<xs:extension base="tPowerSystemResource">
<xs:sequence>
<xs:element name="GeneralEquipment" type="tGeneralEquipment" minOccurs=*0"
maxOccurs="unbounded"/>
<xs:element name="ConductingEquipment" type="tConductingEquipment"/minOccurs="0"
maxOccurs="unbounded"/>
<xs:element name="SubFunction" type="tSubFunction" minOccurs="0" maxOccurs="unbounded">
</xs:sequence>
<xs:attribute name="type" type="xs:normalizedString" use="optional’/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The equipment type allowed within Function ahd Subfunction is termed GeneralEquipment.

<xs:complexType name="tGeneralEquipment">
<xs:complexContent>
<xs:extension base="tEquipment">
<xs:attribute name="type" typez"tGeneralEquipmentEnum" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

From the conducting equipment type list (Table 5) this is BAT, MOT, FAN, PMP, additionally
to the codes defined in\Iable 9. Furthermore, private codes (containing only capital letters,
starting with “E”) can be-used. Other parts of this standard or other standards will define more
type codes.

Table 9 — General Equipment codes from IEC 61850-7-4

Type'\code Meaning
FIL Filters
VLV Valves
AXN Auxillary power network

9.2.8 Substation section example

The following example for a system specification SSD, as shown in Figure 17, contains a
substation section for substation Baden220_132 with one transformer T1 between voltage
levels D1 and E1, and three bays D1Q1, E1Q2 and E1W1 as bus bar.
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Figure 17 — Substation section example

The transformer T1 has two windings W1 and W2. WindingWW1 is connected to a 220 kV
voltage level D1 at bay Q1, connectivity node L1. Winding W2 is connected to the bay Q2 in
132 kV voltage level E1. From the attachment of logical nades in the SSD file it can be seen
that there is the measurement of a current transformer_at the transformer, and a differential
protection. At the 220 kV side (bay D1Q1) there is a distance protection.

The 132 kV bay E1Q2 connects the transformer(T1 to the bus bar E1W1. It contains a circuit
breaker QA1 and a bus bar disconnectory’QB1, both electrically connected together at
connectivity node L1, as well as a voltagetransformer U1 at connectivity node L3, and current
transformer 11 between the connectivitysnodes L3 and L2. The connectivity node within the
same bay is explicitly defined. A logical hode of type CSWI controls each switch, and the LN
CILO handles the interlocking. Nolassociation to IEDs is defined, as this is a functional
specification only, so the iedName.is per default None. In addition, the possibility of defining
more details by InType referenc€s has not been used here.

<?xml version="1.0"?>
<SCL xmins="http://www.iec.ch/61850/2003/SCL" xmIns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
version="2007" revision="B" release="3">
<Header id="SSD Example " />
<Substation name="Baden220_132">
<PowerTransformer name="T1" type="PTR">
<LNode\hInst="1" InClass="PDIF" IdInst="F1"/>
<LNodgg InInst="1" InClass="TCTR" IdInst="C1"/>
<TransformerWinding name="W1" type="PTW">
<Terminal connectivityNode="baden220_132/D1/Q1/L1" substationName="baden220_132"
voltagekevelName="D1" bayName="Q1" cNodeName="L1"/>
</TransformerWinding>
<TransformerWinding name="W2" type="PTW">
<Terminal connectivityNode="baden220_132/E1/Q2/L3" substationName="baden220_132"
voltageLevelName="E1" bayName="Q2" cNodeName="L3"/>

</TransformerWinding>
</PowerTransformer>
<VoltageLevel name="D1" nomFreq="50" numPhases="3">
<Voltage multiplier="k" unit="V">220</Voltage>
<Bay name="Q1">
<LNode InInst="1" InClass="PDIS" IdInst="F1"/>
<ConductingEquipment name="I1" type="CTR">
<Terminal connectivityNode="baden220_132/D1/Q1/L1" substationName="baden220_132"
voltageLevelName="D1" bayName="Q1" cNodeName="L1"/>
</ConductingEquipment>
<ConnectivityNode name="L1" pathName="baden220_132/D1/Q1/L1"/>
</Bay>
</VoltagelLevel>
<VoltageLevel name="E1">
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<Voltage multiplier="k" unit="V">132</Voltage>
<Bay name="Q2">
<ConductingEquipment name="QA1" type="CBR">
<LNode InInst="1" InClass="CILO" IdInst="C1 "/>
<Terminal connectivityNode="baden220_132/E1/Q2/L1" substationName="baden220_132"
voltageLevelName="E1" bayName="Q2" cNodeName="L1"/>
<Terminal connectivityNode="baden220_132/E1/Q2/L2" substationName="baden220_132"
voltageLevelName="E1" bayName="Q2" cNodeName="L2"/>
</ConductingEquipment>
<Caondt mfinanll |ilnmnnf name="QR1" typn:"le"

<LNode InInst="2" InClass="CSWI" IdInst="C1"/>
<LNode InInst="2" InClass="CILO" IdInst="C1"/>
<Terminal connectivityNode="baden220_132/E1/W1/B1" substationName="baden220_132"
voltageLevelName="E1" bayName="W1" cNodeName="B1"/>
<Terminal connectivityNode="baden220_132/E1/Q2/L1" substationName="baden220_132"
voltageLevelName="E1" bayName="Q2" cNodeName="L1"/>
</ConductingEquipment>
<ConductingEquipment name="I1" type="CTR">
<Terminal connectivityNode="baden220_132/E1/Q2/L2" substationName="baden220_132"
voltageLevelName="E1" bayName="Q2" cNodeName="L2"/>
<Terminal connectivityNode="baden220_132/E1/Q2/L3" substationName="baden220_132"
voltageLevelName="E1" bayName="Q2" cNodeName="L3"/>
</ConductingEquipment>
<ConductingEquipment name="U1" type="VTR">
<Terminal connectivityNode="baden220_132/E1/Q2/L3" substatiohName="baden220_132"
voltageLevelName="E1" bayName="Q2" cNodeName="L3"/>
</ConductingEquipment>
<ConnectivityNode name="L1" pathName="baden220_132/E1/Q2/L1"/>
<ConnectivityNode name="L2" pathName="baden220_132/E1/Q2/L2"/>
<ConnectivityNode name="L3" pathName="baden220_A32/E1/Q2/L3"/>
</Bay>
<Bay name="W1">
<ConnectivityNode name="B1" pathName="baden220_132/E1/W1/B1"/>
</Bay>
</VoltagelLevel>
</Substation>
</SCL>

9.3 IED description
9.3.1 General

The IED section describes the (pre-)configuration of an IED: its access points, the logical
devices and the logical nodes instantiated on it. Furthermore, it defines the capabilities of an
IED in terms of communication services offered and, together with its LNType, instantiated
data (DO) and its default or configuration values. There shall be one IED section for each
IED. IED names (name attribute) shall be unique within the file. If only the descriptions of pre-
configured IEDs.are contained in the file, the name shall be TEMPLATE to indicate that the
IED has not been bound to a place in the project. The system configurator tool should handle
this as an [ED type, i.e. a pre—configured product type, from which an arbitrary number of
product _(hardware) instances can be produced.

NOJTE -Because the IED name is unique within a system, it is also usable as a reference.

Aspecial IED Router function is introduced. An IED containing a router function connects
different subnetworks hy means of all its access pninfe The router |ED may have no Ingihal

devices and no logical nodes. In this case, it is managed and supervised by a separate
network management system, beyond the scope of this standard. A router is a limiting border,
which real time-related message types cannot cross. These message types are:

e time synchronization messages,
e GSE messages,

e sampled analog measurement values.

All other messages are routed through with some time delay.
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In addition to the stand-alone router |IED described above, the router function can reside on
an IED containing additionally clients or servers.

An access point may belong to a server with logical devices, which contain logical nodes. In
this case, the server of the access point provides access to the LDs and LNs, while the LNs
as clients may use all IED access points (not only those of the server) to access data (on LNs
on servers) on other IEDs. An access point always needs a server, if the IED is to be
supervised remotely, because the LNO and LPHD of the server’s logical device are used to

supervise and control the IED. Only if all LNs on an IED use an access point as a client only,
and the IED is not supervised, may an IED without a server be used.

It is recommended that an IED contains at least one server. An access point without arserver
may then be used to get data from ‘lower level’ busses, i.e. a bay unit from a process bus.
However, this data from the lower level bus cannot be seen directly on the higher lével bus
unless a router function also resides on this IED. Figure 18 gives a typical exampje of an IED
connected to a station bus and process bus.

Station bus access point O ....................

Server connections:

IED
Server

Logical Device Logical Device

Client connections | /=7 LT

Process bus access point

Figure 18 — IED structure and access points

By means of théishort address feature, it is possible to define a translation of logical names to
short addresses' on a data attribute basis.

The usage and meaning of short addresses may be defined in an SCSM (stack mapping).
In this case, the system configurator handles them. If an SCSM does not define this, the IED
tools*might use short address-related attributes as reference to |IED internal addresses. In this
case, the |IED tool handles them. All other tools shall just import and reexport their contents.

Details concerning short addresses can be found in 9.5.4.3.

Figure 19 to Figure 21 give an overview of the IED-related schema part in the form of UML
diagrams.
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class IED

tkKDC
+ Services + apName :tAccessPointName i tAnyContentFromOtherNamespace
: + iedName :tIEDName >
tServices tAccessControl
0..1
+ Services 0.1 +KDC 0.* +LNO + AccessControl 0.1
TUNNaming TANYLN Y TONNaming
tIED tLN tLDevice
+ configVersion :xs:normalizedString [0..1] + inst :tLNInst + inst :tLDInst
g 9 0.*
+ engRight :tRightEnum [0..1] = full + InClass :tLNClassEnum - + |dName :tLDName [0..1]
+ manufacturer :xs:normalizedString [0..1] + prefix :tPrefix [0..1]= ""
+ name :tIEDName 1. + LDevice
+ originalclRelease :tSclRelease [0..1] +LN 0.*
+ originalSclRevision :tSclRevision [0..1] ;
+ originallVersion :tSclVersion [0..1]
+ owner :xs:normalizedString [0..1]
+ type :xs:normalizedString [0..1]
tUnNaming
tServerAt
+ ServerAt
apName :tAccessPointName
+AccessPoint 1.7 0.1
tUnNaming 0
— o
tAccessPoint 0.1 tUnNaming
+ clock :xs:boolean [0..1] = false > tServer,
+ kdc :xs:boolean [0..1] = false - f
+ name :tAccessPointName +Server |+ timeout :xs:unsighedint [0..1] = 30
+ router :xs:boolean [0..1] = false ’ D ]
An AccessPoint has either:
+GOOSESecurity\|/0..7 +SMVSecurity 0.7 - A Server
- - Alist of LNs (pure client)
tNaming - A ServerAt
tCertificate - nothing
+ serialNumber :xs:normalizedString 0.." \}/+Association
+ xferNumber :xs:unsignedint [0..1] o .
ssociation
+ Authentication \(/1 + associationID :tName [0..1]
. + desc :xs:normalizedString [0..1] = ""
Authentication + iedName :tIEDName
+ Subject 1 +IssuerName 1 +, \certificate :xs:boolean [0..1] = false : ::Inndst:lﬁf;?:;nonmndEnum
o #, Snone :xs:boolean [0..1] = true " InCIass‘ tLNClassEnum
en %/  password :xs:boolean [0..1] = false 5 Inlet ‘tLNInstOrEmpty
+ commonName :xs:normalizedString : strorllg.:x.st:’bozljleanc[’OA1.1]_=ff?|se + prefix :tPrefix [0..1]= "
+ idHierarchy :xs:normalizedString weakf:xs:boalean|[ORIIEgiEg

Figure 19 — UML description of IED-related schema part — Base

IEC
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dass Control Blocks ~

tClientLN

apRef :tAccessPointName [0..1]
desc :xs:normalizedString [0..1]=""
iedName -tIEDName

Idinst :tiDinst

InClass :tLNClassEnum

tSettingControl

actSG xs:unsignedint [0.1]=1
numOfSGs :xs:unsignedint
resvyTms :xsunsignedShort [0..1]

SmvOpts

+ dataSet :xs:boolean [0..1] =false

+ refreshTime :xs:boolean [0..1] =false

+ sampleRate :xs:boolean [0..1] = false

+ sampleSynchronized :xs:boolean = true {readOnly}
+ seaurity :xs:boolean [0..1] =false

+ timestamp :xs:boolean [0..1] =false

+3mvOpts 1

Inlnst tLNInstOrEm pty
prefix tPrefix [0..1]=""

+ClientLN 0.*

tRptEnabled

max :xsunsignedint [0..1]=1

+RptEnabled 0.1

t BaseElement
tUnNaming

tSampledvalueControl

+ multicast :xs:boolean [0..1] = true

desc xsinormaliz edString [0..1] ="

+ nofASDU xs:unsignedint

+ smpMod ‘tSmpMod [0..1] = SmpPerPeriod

tControl

+ datSet :tDataSetName [0..1]
+ name ‘tCBName

+ smpRate ‘xs:unsignedint
+ smvID :xsinormalizedString

tControlWithlEDName

+ confRev :xsiunsignedint [0..1]

] A

0.1 +Protacal

+/EDName o.*

tControlWithTriggerOpt

tProtocol
IEDName

xs:normalizedS

ring

+ ingPd :xs:unsignedint [0_.1]=0

¢

tReportControl

buffered :xs:boolean [0..1] = false
bufTime :xs:unsignedint [0..1]=0
confRev :xs:unsignedint
indexed :xs:boclean [0..1] = true
rptiD :tMessagelD [0..1]

+OptFields [/

+ mustUnderstand :xs:boolean = true {readChly }

apRef ‘tAccessPointName [0._[T

Idinst :tLDinst [0..1] [
InClass -tLNClassEnum [)1]
Ininst tLNInst [0.1]
prefix tPrefix [0..1]

+Protocol 0.1

+TrgOps

TIrgOps

dchg Xs:boolean [0..1] = false
dupd :xs:boolean [0..1] = false
\gi xs:boolean [0..1] = true
period :xs:boolean [0..1] =false
gchg :xs:boolean [0..1] = false

OptFields

tLogCantrol

bufOv fl :xs:boolean [0..1] = true
configRef xs:boolean [0..1] = false
dataRef :xs:boolean [0..1] = false
dataSet :xs:boolean [0..1] = false
entrylD :xs:tboolean [0..1] = false
reasonCode :xs:boolean [0..1] = false
segNum :xs-boolean [0..1] = false
timeStamp :xs:boolean [0..1] = false

bufTime :x%ungignedint [0..1]=0
Idinst tLDB{nstT0..1]
InClassnJI[NClassEnum [0..1] = "LLN 07
Intg st/ fLNInst [0..1]

logEna :xs:booclean [0..1] = true
logName :tLogName

prefix :tPrefix [0..1]=""

reasonCode 'xs'boolean [0..1] = true

=

tGSEControl

+ applD :tMessagelD

+ fixedOffs :xs:boolean [0..1] = false

+ securityEnable :tPredefinedT ypeOfSecurity Enum [0..1] = None
+ type tGSEControlTypeEnum [0..1] = GOOSE

Figure 20'— UML description of IED-related schema part for Control blocks
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+ inst :xs:normaliz edString =" {readOnly}

+ InClass tLNClassEnum = LLNO {readOnly}

)

0.1

+SettingControl
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dass LN and LNQ .~
tAny Content fromOtherNamespace tUnN aming tFCDA
tLog tDataSet +FCDA
:‘, + daName :tFullAttributeName [0..1]
+ name :tLogName [0..1] + name :tDataSetName | «|+ doName tFullDOName [0..1]
Dataset + fc :tFCEnum
Foata e. + ix xs:unsignedint [0..1]
0. + ldinst -tLDinst [0.1]
t Contr ol WithTr igger Opt + InClass :tLNClassEnum [0..1]
+ Ininst tiNInst [0..1]
i + prefix Prefix [0..1]=""
+ReportControl
tUnN aming
tControl WihTriggeropr |9--* [UnNaming +DOl Dol
tAnyLN ‘—>.
tLogControl +LogContral b o r |t accessControl :xs:normalizedString [0..1] ¢
+ InType :tNamg] T |+ ix :xs:unsignedint [0..1] A
+ name tDataName
tLN +5DI
- 0.* +5SE1 0.*
+ inst ‘tLNInst +Hnputs, | (0.1
+ InClass :tLNClassEnum tUnN aming
+ prefix tPrefix [0..1]="" tUnN aming e
tinputs

+ ix :xsmunsignedint [0..1]
+ name -tAttributeNameEnum
+ sAddr :xsinormalizedString [0..1]

+ExtRef |, 1.%

LDAI Ny 0. +DAl | /0..%

1E xtRef

tUnN aming

+ daMame -tFullAttributeNeame [0 1]
+ desc xsinormalizedString J0..11=""

tDAI

ix :xs:unsignedint [0..1]
name :tAttributeNameEnum

+ doMName :tFullDONamé [@..1] +
+ iedName tIEDNA&meOrRelative [0..1] +

+GSEControl 0.*

tUnN aming +
tSettingControl

sAddr xs:normalizedString [0..1]
vallmport :xs:boolean [0..1]
valKind -tWValKindEnum [0 1]

+ intAddr :xs:norfialtzedsString [0..1] +
Idinst -tLD¥nst [071] +
+ InClass/ZTMNClassEnum [0..1] +

tControl Wt hlEDName
tGSEControl

+SampleValueControl 0.*

tContro/Wthi EDN ame
tSampledvalueControl

+ IninsgZ™yynst [0..1]
+  prefis tPrefix [0..1]
+ s8gNceType tServiceType [0..1]

+3 \spfCBName tCBName [0 1] 0-

+val

+ srcLDinst :tLDinst [0..1]
< srcLNClass tLNClassEnum [0..1]
+ srcLNInst :tINInst [0..1]

x5 nor malizedString
tval

+ srcPrefix tPrefix [0..1] + sGroup :xs:unsignedint [0..1]

9.3.2

Figure 21 — UML description of IED-related schema part — LN definition

<xs:complexType name="tIED">

<XsicomplexContent>

The IED, Services and Access Point

The SCL syntaxyto describe an IED is as follows:

<xs:extension base="tUnNaming">

<Xs:.sequence>

<xs:element name="Services" type="tServices" minOccurs="0"/>
<xs:element name="AccessPoint" type="tAccessPoint" maxOccurs="unbounded">

IXS:unique name=uniqueLNINACCESSPoINt >
<xs:selector xpath="./scl:LN"/>
<xs:field xpath="@inst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@prefix"/>

</xs:unique>

</xs:element>

<xs:element name="KDC" type="tKDC" minOccurs="0" maxOccurs="unbounded"/>

</xs:sequence>

<xs:attribute name="name" type="tIEDName" use="required"/>
<xs:attribute name="type" type="xs:normalizedString" use="optional"/>
<xs:attribute name="manufacturer" type="xs:normalizedString" use="optional"/>
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<xs:attribute name="configVersion" type="xs:normalizedString" use="optional"/>
<xs:attribute name="originalSclVersion" type="tSclVersion" use="optional" default="2003"/>
<xs:attribute name="originalScIRevision" type="tSclRevision" use="optional" default="A"/>
<xs:attribute name="originalScIRelease" type="tScIRelease" use="optional" default="1"/>
<xs:attribute name="engRight" type="tRightEnum" use="optional" default="full"/>
<xs:attribute name="owner" type="xs:normalizedString" use="optional"/>
</xs:extension>
</xs:complexContent>

< /xs:camplexTvpe>
+ 1 a

The attributes of the IED element are defined in Table 10.

Table 10 — Attributes of the IED element

Attribute name Description

name The identification of the IED. Within an ICD file describing a device type; the name shall
be TEMPLATE. The IED name shall not be an empty string and nof{None and shall be
unique within an SCL file

desc The description text

type The (manufacturer specific) IED product type

manufacturer The manufacturer's name

configVersion The basic configuration version of this IED configuration

originalSclVersion The original SCL schema version of the IEDSACD file; optional, default “2003”
originalScIRevision The original SCL schema revision of thg’ [EDs ICD file; optional, default “A”
originalSclRelease The original SCL schema release of the*|[EDs ICD file; optional, default ‘1’: Observe that

2003A had no release at all

engRight The engineering right transferfédsby a SED file (only fix, dataflow), or the current state
in an SCD file. Values are full,"dataflow, fix, the default is full

owner The owner project of this \ED, i.e. the Header id of that SCD file of that project which
has the right to use the\lED tool for this IED. The default is the Header id of the SCD file
containing the IED

The IED configVersion in Table 10 only identifies the IED basic configuration (IED type
capabilities as defined/delivered by the manufacturer e.g. after preengineering of a flexibly
engineerable IED type),and not its individual configuration after instantiation into a project.
The version of the project-specific IED is a parameter of the IED instance, or of its logical
nodes. It shall be_tcontained in an SCL file as an attribute value of the attribute
LLNO.NamPIt.configRev. This means that the value of the LLNO.NamPIt.configRev attribute must
appear in a Val element of a DAl or DA element.

The originalSclVersion states the SCL version of the originally generated and imported ICD
file of this IED, and originalSclRevision the SCL revision of this ICD file. Both attributes are
set by the IED tool when creating the ICD or IID file, and shall be kept within an SCD file. If
they-are missing in the ICD / IID file, the system configuration tool shall deduce them from the
first imported ICD or IID file for this IED type. In the case that they are missing in an SCD,
8SD or SED file, the default of 2003A (SCL Edition 1) applies.

The IED contains a Service capability list, and access point definitions.

Restrictions

e The IED name shall be unique within the SCL file. An empty string as well as the reserved
name None are forbidden.

e The length of the IED Name shall be at least one, at maximum 64 characters. It starts with
an alpha character, and contains only alphanumeric characters and the underscore
character. Note that there might be more restrictions in other parts of this standard, in
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IEDs implemented according to previous versions of this standard, or due to usage of this
name at engineering time.

The IED name for an IED template, i.e. an IED within an ICD file, shall be TEMPLATE.

The general /IED element (of type tIED), which is contained within the SCL element,
additionally includes several identity constraints:

Within an /ED, there cannot be two AccessPoint elements with the same name.

Within an IED, there cannot be two LDevice elements with the same inst. Moreover, the
inst attribute of an LDevice acts as a key within the /ED for all references within SCL.

The Services element of the IED defines the available services.

<xs:complexType name="tServices">

<xs:all>
<xs:element name="DynAssociation" type="scl:tServiceWithOptionalMax" minOccurs="0"/>
<xs:element name="SettingGroups" type="scl:tSettingGroups" minOccurs="0"/>
<xs:element name="GetDirectory" type="scl:tServiceYesNo" minOccurs="0"/>
<xs:element name="GetDataObjectDefinition" type="scl:tServiceYesNo" mif@ccurs="0"/>
<xs:element name="DataObjectDirectory" type="scl:tServiceYesNo" min©cours="0"/>
<xs:element name="GetDataSetValue" type="scl:tServiceYesNo" minQ¢clrs="0"/>
<xs:element name="SetDataSetValue" type="scl:tServiceYesNo" minOccurs="0"/>
<xs:element name="DataSetDirectory" type="scl:tServiceYesNo*/minOccurs="0"/>
<xs:element name="ConfDataSet" type="scl:tServiceForConfDataSet" minOccurs="0"/>
<xs:element name="DynDataSet" type="scl:tServiceWithMaxAndMaxAttributes" minOccurs="0"/>
<xs:element name="ReadWrite" type="scl:tServiceYesNo" jminOccurs="0"/>
<xs:element name="TimerActivatedControl" type="scktServiceYesNo" minOccurs="0"/>
<xs:element name="ConfReportControl" type="scltServiceConfReportControl" minOccurs="0"/>
<xs:element name="GetCBValues" type="scl:tServiceYesNo" minOccurs="0"/>
<xs:element name="ConfLogControl" type=_scltServiceWithMaxNonZero" minOccurs="0"/>
<xs:element name="ReportSettings" type="sel:tReportSettings" minOccurs="0"/>
<xs:element name="LogSettings" type="scl:tLogSettings" minOccurs="0"/>
<xs:element name="GSESettings" type="scl:tGSESettings" minOccurs="0"/>
<xs:element name="SMVSettings" type="scl:tSMVSettings" minOccurs="0"/>
<xs:element name="GSEDir" type="scl:tServiceYesNo" minOccurs="0"/>
<xs:element name="GOOSE" type="scl:tGOOSEcapabilities" minOccurs="0"/>
<xs:element name="GSSE'(ype="scl:tServiceWithMax" minOccurs="0"/>
<xs:element name="SMVsc" type="scl:tSMVsc" minOccurs="0"/>
<xs:element name="FileHandling" type="scl:tFileHandling" minOccurs="0"/>
<xs:element name="ConfLNs" type="scl:tConfLNs" minOccurs="0"/>
<xs:element naime="ClientServices" type="scl:tClientServices" minOccurs="0"/>
<xs:element hame="ConfLdName" type="scl:tServiceYesNo" minOccurs="0"/>
<xs:element name="SupSubscription" type="scl:tSupSubscription" minOccurs="0"/>
<xs:element name="ConfSigRef" type="scl:tServiceWithMaxNonZero" minOccurs="0"/>
<xs:element name="ValueHandling" type="scl:tValueHandling" minOccurs="0"/>
<xsrelement name="RedProt" type="scl:tRedProt" minOccurs="0"/>
<XS:element name="TimeSyncProt" type="scl:tTimeSyncProt" minOccurs="0"/>
<xs:element name="CommProt" type="scl:tCommProt" minOccurs="0"/>

</xs:all>

<xs:attribute name="namelLength" use="optional" default="32">
<xs:simpleType>

<xs:restriction base="xs:token">

<xs:pattern value="32"/>
<xs:pattern value="64"/>
<xs:pattern value="6[5-9]"/>
<xs:pattern value="[7-9]\d"/>
<xs:pattern value="[1-9]\d\d+"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:complexType>
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Service classes may appear in arbitrary order. If they do not appear, then the services are not
available at the IED. For the meaning of the services, refer to IEC 61850-7-2.

The Services element itself has one attribute stating the supported name length at stack level.
The default value is 32 corresponding to the MMS mapping of IEC 61850-8-1 and definitions
in IEC 61850-7-2 from 2003. The value for this edition is 64.

The list of sarvice r\apohilifinc and eaHing slements—and-atiributes—are-described-inTtable—44-

Table 11 - List of service capabilities and setting elements and attributes

Service capability

Description

ClientServices

Indicates which general service classes this IED can use as a client/subscriber: goose,
gsse, sampled values (sv), unbuffered reporting (unbufReport), buffered'reporting
(bufReport), reading logs (readLog). Default (missing element): supported client
services not known (except possibly subscribers from GOOSE/GSSE\elements) — look
into PICS. Required for 2007 version. A pure client shall set at least one of the options
to true.

The attribute supportsLdName indicates that the client/subseriber understands explicit
LD name setting at servers (mandatory for clients/subscribers from Ed2 onwards).

Default for an attribute missing: false

The following attributes allow to describe furthericlient/subscriber limits. If they are
missing at IED and access point level, the limits_are not known:

maxAttributes: the maximal number of data¥‘set entries (as sum across all received
data sets) supported by the client.

maxReports: the maximal number of report control blocks the client can subscribe to.
maxGOOSE: the maximum number’'of GOOSE messages receivable.
maxSMV: the maximum number of SV messages receivable.

rGOOSE: if true, GOOSE subscription at network level (layer 3) is supported; default =
false.

rSV: if true, SV message subscription at network level (layer 3) is supported; default =
false.

nolctBindingXif true, the IED configuration tool cannot bind incoming signals to internal
addressesidnstead it provides a template with supported internal addresses for
possiblesincoming data. The binding task must be performed by the system
configuration tool.

The-contained element TimeSyncProt allows to specify the supported time
synchronization protocols as a client — details see at TimeSynchProt element below. If
it is missing, time synchronization is not supported.

The contained McSecurity element describes the supported security features at client
side — details see at McSecurity element below. If it is missing here, the client
supports no multicast related security features. As a GOOSE or SV subscriber it can
receive signed messages but ignores the signature. If the security features are
different for GOOSE and SV, the capabilities shall be declared at different access
points.

DynAssaciation

All services for dynamic building of associations.

The max attribute indicates the guarantied number of dynamic associations which are
possible under all circumstances.

SettingGroups:
SGEdit
ConfSG

Setting group services belong to the setting group control block. If this control block is
available, then the setting group service SelectActiveSG for activating a setting group
is also available. The capability of online editing (IEC 61850-7-2 services
SelectEditSG, ConfirmEditSGValues, SetSGValues) is decided with the SGEdit
element. The capability to configure the (number of) setting groups by SCL can be also
available (ConfSG). The configured number must not be higher than the number in the
ICD file.

Both have the following attribute:

resvTms: the value true at SGEdit means that this attribute is online visible at the
SGCB; at ConfSG it means that the IED tool accepts configured values from an SCD
file. The default value is false.
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GetDirectory

Services for reading the contents of a server, i.e. the LD and LN directories (all LDs,
LNs and DATA of the LNs). This is an option without attributes.

Includes the IEC 61850-7-2 services GetServerDirectory, GetLogicalDeviceDirectory,
GetLogicalNodeDirectory

GetDataObjectDefinition

Service to retrieve the complete list of all DA definitions of the referenced data that are
visible and thus accessible to the requesting client by the referenced LN. It is a service
without attributes. Refers to IEC 61850-7-2 service GetDataDefinition

DataObjectDirectory

Service to get the DATA defined in a LN. It is a service without attributes. Refers to
IEC 61850-7-2 service GetDataDirectory

GetDataSetValue

Service to retrieve all values of data referenced by the members of the data set(lt is a
service without attributes. Refers to IEC 61850-7-2 service GetDataSetValues

SetDataSetValue

Service to write all values of data referenced by the members of the data set, It is a
service without attributes. Refers to IEC 61850-7-2 service SetDataSetValues

DataSetDirectory

Service to retrieve FCD/FCDA of all members referenced in the data‘\séet. It is a service
without attributes. Refers to IEC 61850-7-2 service GetDataSetDirectory

ConfDataSet If ConfDataSet is not specified, then the default value of its nraxattribute is equal to
the number of already configured data sets, and they may _anly“be modified. If it is
specified, it is possible to configure new data sets up to,.the)defined max, or modify
existing ones at configuration time via SCL.

The attribute meaning is:

max — the maximum number of data sets

maxAttributes — the maximum number of FCDA elements (data set entries) allowed in
a data set. If an ICD file contains data sets\With more elements, the system
configurator shall not modify it

modify — TRUE means that configured.data sets may be modified; default: true

Note that the control block settings'might also restrict data set modifications even if
modify=TRUE.

DynDataSet Services to dynamically create and delete data sets. Refers to IEC 61850-7-2 services
CreateDataSet and DeleteDataSet.
The attribute meaning.is:
max — the maximumy number of creatable data sets (including any predefined or
preconfigured data sets)
maxAttributes’— the maximum number of FCDA elements (data set entries) allowed in
a dynamically created data set

ReadWrite Basic(data read and write facility; includes the IEC 61850-7-2 services GetData,

SetData, and the Operate service, if appropriate data exist. It is a capability without
attributes.

TimerActivatedControl

This element specifies that timer activated control services are supported. All other
control-related services are specified directly at a DO with the ctIModel attribute. It is a
service without attributes.

ConfReportCoptrol

Capability of static (by configuration via SCL) creation of report control blocks. If no
value of ReportSettings is fix, the system configurator can delete and add
ReportControls up to the defined max value.

The attribute’s meaning is:

max — the maximum number of instantiable report control blocks. If this is equal to the
number of configured instances, then no new instances can be created. If it is higher
than the number of configured instances, the project engineer is allowed to create

more-instances-fornew and existing-new-tvnes un to this- limit
) Pl T T

bufMode — unbuffered, buffered, both; the buffer mode allowed to configure for new
control block types. If it is not both and bufConf=false, RCBs of the opposite type shall
not be deleted and their mode not be changed. Default: both

bufConf — boolean. TRUE means, the buffered attribute of report control blocks can be
changed via SCL.

maxBuf — the maximum number of instantiable buffered control blocks. If it is missing,
its value is equal to the max value. If supplied, its value shall be smaller than the max
value.

All RCBs instantiable by the system configurator are indexed.

GetCBValues

Read values of control blocks. It is a service without attributes
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ConfLogControl

Capability of static (by configuration via SCL) creation of log control blocks. If no value
of LogSettings is fix, the system configurator can delete and add LogControls up to the
defined max value.

The attribute’s meaning is:

max — maximum number of instantiable log control blocks

ReportSettings

The report control block attributes for which a change of setting is possible at

engineering time or online with services SETURCBValUes respective SeiBRCBValues:.
The attribute’s meaning is:
cbName — control block name (Fix, Conf; default = Fix)

datSet — data set reference (Fix, Conf, Dyn, default=Fix; Fix means that both.the
datSet value and the structure of the referenced data set are fix)

rptID — report identifier

optFields — optional fields to include in report
bufTime — buffer time

trgOps — trigger options enable

intgPd — integrity period

resvTms — if true, the ResvTms attribute exists at all huffered control blocks. In this
case, if the BRCB instance is allocated to a client{ityshould be configured as -1
(reserved), else as 0 (free).

owner — if true, the report control block possesses an owner attribute. Default is false

LogSettings

The log control block attributes for which a change of setting is possible at
engineering time or with service SetLCBValues:

The attribute’s meaning is:
cbName — control block name\(Fix, Conf; default = Fix)

datSet — data set reference’ (Fix, Conf, Dyn, default=Fix; Fix means that both the
datSet value and the structure of the referenced data set are fix)

logEna - log enable
trgOps — triggeroptions
intgPd — integrity period

GSESettings

The GSE\control block attributes for which a change of setting is possible at
engineering time or with service SetGoCBValues:

The_attribute’s meaning is:

cbName — control block name (Fix, Conf; default = Fix)

datSet — data set reference reference (Fix, Conf, Dyn, default=Fix; Fix means that both
the datSet value and the structure of the referenced data set are fix)

applD — application identifier

datalLabel — value for the object reference if the corresponding element ist being sent
(applies only to GSSE control blocks, which are deprecated)

kdaParticipant: if true, the server access point supports KDA (Key Delivery Assurance)
as described in IEC 62351 for GOOSE, and the McSecurity element for the server
shall also be specified.

GSESettings allows the following subelement:

A contained McSecurity element describes the supported security options available at
each GOOSE control block — details see at McSecurity element below. If

kdaParticipant is true, at least one of this options shall be true.
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SMVSettings

The SMV control block attributes for which a change of setting is possible at
engineering time or with service SetMSVCBValues respective SetUSVCBValues:

The attribute’s meaning is:

cbName — control block name (Fix, Conf; default = Fix)

datSet — data set reference (Fix, Conf, Dyn, default=Fix; Fix means that both the
datSet value and the structure of the referenced data set are fix)

svlD — sample value identifier

optFields — optional fields to include in sample value message

smpRate — sample rate configuration capabilities (Fix, Conf, Dyn, default=Fix)
samplesPerSec — samples per second resp. seconds per samples are supported
synchrSrcld — inclusion of grand master clock Id (IEC 61850-9-3); default = false
nofASDU — the number of ASDUs in the SV message (Fix, Conf, default=Fix)
pdcTimeStamp — indicates if the PDC time stamp can be included into the megssage;
default is false

kdaParticipant: if true, the server access point supports KDA (Key Delivéry Assurance)
as described in IEC 62351, and the McSecurity element for the server shall also be
specified.

SMVSettings allows the following (sub-)elements:

SmpRate — defines the implemented sample rate(s) per period

SamplesPerSec — defines the implemented sample rate(s) pér-second
SecPerSamples — defines the implemented seconds between samples

If no appropriate elements are defined, the sample rate per period or per second as
defined by above attributes is assumed to be freely séttable

A contained subelement McSecurity describes thesstupported security options available
at each SMV control block — details see at McSgecurity element below. If kdaParticipant
is true, at least one of the options shall be true:

ConfLNs

Describes what can be configured for L Ns)defined in an ICD file
The attribute meanings are:

fixPrefix — if false, prefixes can be.set/changed; default: false
fixLnInst — if false. LN instance{numbers can be changed; default: false

ConfLdName

If this element is presentithe |ED allows as a server to define functional LD names (by
means of the LDevice I[dName attribute)

GSEDir

GSE directory services according to IEC 61850-7-2. This capability has no attributes.

GOOSE

This element shows that the IED can be a GOOSE publisher according to IEC 61850-
7-2. If no value of GSESettings is fix, the system configurator can delete and add
GoCBs upto-the defined max value. The subscriber capability shall be exposed in
ClientServices.

Thesattributes meaning is:

max = maximum number of GOOSE control blocks, which are configurable for
publishing. Shall be greater or equal to the number of defined GoCBs. (max=0 at an
access point means that this access point does not support GOOSE sending).

fixedOffs = true indicates that fixed offsets are supported and can be set individually
per GoCB. Default: false.

goose: if true, layer 2 GOOSE sending is supported. Default: true.
rGOOSE: if true, layer 3 (network level) GOOSE sending is supported. Defautl: false.

GSSE

This element shows that the IED can be a binary data GSSE publisher or subscriber
according to IEC 61850-7-2.

The attributes meaning is:

3.2 paaScAL LA mhar oAf CCQL Vntrul hi ke aavhich ~p nfiaurahl Maose=0
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means only GSSE client.

GSSE is deprecated since Edition 2.



https://iecnorm.com/api/?name=6ec872c88e2a7706734421d0a48fb6ef

- 82— IEC 61850-6:2009+AMD1:2018 CSV
© IEC 2018

Service capability

Description

SMVsc

This element shows that the IED can be a Sampled Value publisher according to
IEC 61850-7-2. If no value of SMVSettings is fix, the system configurator can delete
and add SVCBs up to the defined max value. The subscriber capability shall be
exposed in ClientServices.

The attributes meaning is:

max = maximum number of SMV control blocks, which are configurable for publishing.
Shall be greater than or equal to the number of defined SVCBs. (max=0 at an access

point means that this access point does not support SV sending).

delivery: indicates supported SV types (multicast, unicast, both); default. multicast. If
the value is not both and deliveryConf=false, any existing SVCBs of the opposite type
shall not be removed.

deliveryConf: indicates if above type (multicast, unicast) can be configured by the
system configurator; default: false

sv: if true, layer 2 SV is supported; default: true.

rSV: if true, layer 3 (network level; multicast only) SV is supported; default false.

FileHandling

Indicates that file handling services are supported. The supported(services additionally
to all Get... services are defined in the PICS. The following attributes indicate on
which protocol the file handling is based. If file handling is.Supplied at all, at least one
of the attributes must be true.

mms: MMS based file handling, default=true
ftp: FTP based file handling, default=false
ftps: FTP with SSL based file handling, default =/false

SupSubscription

This element shows the capability to supervise GOOSE or SMV subscriptions. The
attribute meaning is:

maxGo — maximum number of GOQSE subscription supervision LNs (LN class LGOS)
to be instantiated on the IED. Default: only preconfigured LNs can be used. . If >0, at
least one instance shall exist iprthe data model.

maxSv — maximum num,b€r of SV subscription supervision LNs (LN class LSVS) to be
instantiated on the IEDsDefault: only preconfigured LNs can be used. If >0, at least
one instance shall exist'in the data model.

If the actually instantiated number of any category is less, the system configurator is
allowed to add\more as needed up to the appropriate max. The created instances shall
reference the same LNodeType as an existing instance, have a modified unique LN
instance nutmber and be in the same logical device. If this element is missing, only
preconfigured supervision LNs are allowed to be used.

ConfSigRef

This.élement shows the IED capability to include input references into logical nodes.
The attribute meaning is:

max — maximum number of input references (e.g. data objects InRef and BIkRef,
having CDC ORG) which can be instantiated on the IED. If the actually instantiated
number is less and more are needed, they can be created by the ICT up to this limit
and a new IID file included by the SCT If this element is missing, only existing
preconfigured input reference elements are allowed to be used.

CommProt

Specifies additional lower layer protocols. Observe that IP V4 always needs to be
supported, if IP is used at all.

ipv6: if true, IP V6 is supported. Default is false

TimeSyncProt

Declares the time synchronization protocols supported by the IED / access point either
as time server or as time client if contained inside the ClientServices element,
dependent also on the access point role . At least one of them shall be true, if time

ovneohranioatiAn wonortad ot ALl -
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sntp: the SNTP protocol; default is true

c37_238: the IEEE 1588 method as defined in C37.238; default is false (deprecated)
iec61850_9 3: the IEEE 1588 method as defined in IEC 61850-9-3; default is false

other: any other method, e.g. PPS (although no protocol); default is false
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RedProt The types of communication redundancy which are supported on the IED. Default is
false (none)
hsr: true indicates that HSR is supported by the IED
prp: true indicates that PRP is supported by the IED
rstp: true indicates that RSTP is supported by the IED.

Malualkdandlina Dafin ik handlioa allawon foallind oo difio ot o forth voton aficratar

VataeHanrding Befires-the-handhingattewan s-ef-vatkind-medifieations—forthe-systemeonfigurater
setToRo: if true, valKind=Set for fc=CF, fc=DC or fc=SP can be modified to RO;
default is false.

McSecurity Defines the supported multicast message security handling options at the servef.
connected to this access point. The actually used option is configured at the control
block instances.
signature: if true, calculation of a signature is supported. Default: false,
encryption: if true, message encryption is supported. Default: false.

Within an IED capability description, the maximum numbers specified above shall be a¢cguaranteed (minimal)
maximum, i.e. this number of elements shall be possible to instantiate respective use under all circumstances, for
example even if some dynamic memory allocation allows sometimes to have more elements (than maximum) of one
type at the cost of another element type (always at least maximum). The value 0 means that none such element
can be used / created.

There are some setting and configuration capabilities which may be performed online, per
SCL configuration, or just have fix values. These aredndicated by the appropriate attribute
values of Dyn (dynamically settable by IEC 64850 communication services), Conf
(configurable via an SCL file), and Fix (only one fix value, typically documented in the SCL
file). The Dyn option in this case always includés the Conf option, i.e. if online setting is
possible, also setting via SCL shall be possiblexdf Fix applies to a data set reference, also the
structure and definition of the referenced data set is fix. For consistency in this case the
appropriate ConfReportControl, ConfLogCentrol, GOOSE and SMVsc elements shall not be
supplied. If they are supplied, their maxxattribute shall be ignored for compatibility with earlier
versions of the standard, and no cofntrol block instance of the appropriate class shall be
removed or added. Additionally any: IED configurator supplied control block having values
which are NOT allowed to be configured by the system configurator according to the settings,
shall keep these values and shall not be removed.

The Access point element.of the IED defines the available communication access points.

<xs:complexType name="tAgccessPoint">
<xs:complexContent>
<xs:extensien\base="tNaming">
<xs:sequence>
<xs:choice minOccurs="0">
<xs:element name="Server" type="scl:tServer">
<xs:unique name="uniqueAssociationInServer">
<xs:selector xpath="./scl:Association"/>
<xs:field xpath="@associationID"/>
</xs:unique>
</xs:element>
<xs:element ref="scl:LN" maxOccurs="unbounded"/>

<xs:element name="ServerAt" type="scl:tServerAt"/>

</xs:choice>
<xs:element name="Services" type="tServices" minOccurs="0" />
<xs:element name="GOOSESecurity" type="tCertificate" minOccurs="0" maxOccurs="7"/>
<xs:element name="SMVSecurity" type="tCertificate" minOccurs="0" maxOccurs="7"/>

</xs:sequence>

<xs:attribute name="router" type="xs:boolean" use="optional" default="false">

</xs:attribute>

<xs:attribute name="clock" type="xs:boolean" use="optional" default="false">

</xs:attribute>

</xs:extension>
</xs:complexContent>
</xs:complexType>
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The Access point is decribed by one of the elements: Server, ServerAt or LN list. It may
optionally contain the security-related elements GOOSESecurity and SMVSecurity, stating the
certificate information to be used for GOOSE sending and Sampled Value sending. The
detailed meaning of these certificate descriptions can be found in IEC 62351-6.

The attributes of the Access point element are defined in Table 12

TFable12 - Attributesof-the-Access point olement

Attribute name Description
name Reference identifying this access point within the IED
desc The description text
router The presence and setting to true defines this IED to have a router function. By default,

its value is false (no router function).

clock The presence and setting to true defines this IED to be a master clock*at this bus. By
default, its value is false (no master clock).

The name attribute of the access point together with the name of 'the IED gives a unique
reference for the access point within the SA system.

If neither a router, nor a clock, nor a server, nor a LN list is.'specified, the access point may
only be used by client LNs in the same |IED to access the bus to which it is connected. This is
typical for a process bus access point of a bay level deviece, where the LNs offer their data via
a server to the station bus only.

The Services element specifies the service capabilities of this access point additionally to
those already stated at the IED level. It{shall not contain IED general configuration or
engineering-related capabilities like Confl:Ns, ConfLdName or ValueHandling — these shall be
defined at IED level. As general rule each element of the Services section shall only be used
either at IED level, being common forlall servers and access points, or at access point level,
being then valid only for this access point. If it is not defined at any level, the defaults as
specified above have to be taken.iObserve that a Server access point and a ServerAt element
at the same server shall not define conflicting service capabilities to the server, i.e. they might
sometimes have to repeat~the same options. If different access points define different
numbers (e.g. number of control blocks accessible via the access point), then for the server
the sum is valid. The following table makes this rule visible for each service element and
attribute. The columnlIED marks those elements which are always valid for the whole IED.
The column Server versus SeverAt defines the consequences if several access points to the
same server exist. The basic idea is that they might have different service classes (client
server, GOQSE, SV), however if they have the same server class, the capabilities must be
identical.

It should be noted that the meaning of the max attribute of the ConfReportControl, GOOSE
and-SMVsc elements at an access point. especially for multiple access points at the same
server, changes its semantics from ‘configurable’ to ‘capable of sending’. To make it simple,
the ‘capability of sending’ can either be 0 (i.e. no sending) or all control blocks defined.

Therefore these elements, It defined at IED level to indicate configuration capabilities, are
additionally allowed at AP level, but only with value max=0.

Table 50 shows which service capabilities can be defined at which level. The IED column
declares if only at IED (y) or also at access point level (n), and the Server / ServerAt column,
which one can be different to the referred server at a ServerAt element.
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Table 50 — Usage of Service element at IED level and Server / ServerAt level

Services IED Server + ServerAt
namelength y
DynAssociation max n may be different

SGEdit n identical

SGEdit resvylms n identical
SettingGroup

ConfSG n identical

ConfSG resvims n identical
GetDirectory n identical
GetDataObjectDefinition n identical
DataObjectDirectory n identical
GetDataSetValue n identical
SetDataSetValue n identical
DataSetDirectory n identical

max n identieal
ConfDataSet maxAttributes n identical

modify n identical

max n may be different
DynDataSet

maxAttributes n may be different
ReadWrite n may be different
TimerActivatedControl n identical

max n identical or 0
ConfReportControl bufMode n identical

bufConf n identical
GetCBValues n identical
ConfLogControl max n identical

cbName n identical

datSet n identical

rptiD n identical

optFields n identical
ReportSettings bufTime n identical

trgOps n identical

intgPd n identical

resvims n identical

owner n identical

cbName n identical

datSet n identical
LogSettings logEna n identical

trgOps n identical

intgPd n identical

cbName n identical

datSet n identical
GSESettings

applID n identical

datalLabel n identical
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Services IED Server + ServerAt
kdaParticipant n may be different
McSecurity signature n may be different
McSecurity encryption n may be different
cbName n identical
datSet n identical
sviD n identical
optFields n identical
smpRate n identical
samplesPerSec n identical
SMVSettings synchSrcld n identical
SmpRate n identical
samplesPerSec n identical
SecPerSamples n identical
kdaParticipant n may be different
McSecurity signature n may. be-different
McSecurity encryption n may be different
GSEDir n identical
max n identical or 0
GOOSE
fixedOffs n may be different
max n identical or 0
SMVsc delivery n may be different
deliveryConf n may be different
n
mms n may be different
FileHandling
ftp n may be different
ftps n may be different
fixPrefix y
ConfLNs
fixknlnst y
goose n may be different
gsse n may be different
bufReport n may be different
unbufReport n may be different
readLog n may be different
sv n may be different
rGOOSE n may be different
ClientServices rSV n may be different
nolctBinding y
supportsLdName n may be different
maxAttributes n may be different
maxReports n may be different
maxGOOSE n may be different
maxSMV n may be different
TimeSyncProt sntp n may be different
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Services IED Server + ServerAt
TimeSyncProt iec61850_9 3 | n may be different
TimeSyncProt other n may be different
McSecurity signature n may be different
McSecurity encryption n may be different
ConfLdName y
SupSubscription maxGo n identical
SupSubscription maxSv n identical
ConfSigRef max n identical
ValueHandling setToRO y
hsr n may be different
RedProt prp n may be different
rstp n may be different.
sntp n may be diffefrent
TimeSyncProt iec61850_9_3 n may be different
other n may. be-different
CommProt ipv6 n may be different
signature n may be different
McSecurity encryption n may be different

Project-specific access point attributes, such as{the address within a communication system,
are contained in the SCL Communication section.

The ServerAt element references an existing access point, which shall contain a server. It can
be used to define another access point to the same server. It has to be taken in mind, that
this other access point shall be connected to Subnetworks other than all other access points
of this server, and that all access points share all control block instances of the defined
server. This means especially, that if a GOOSE message shall be sent to different
Subnetworks, then another GOOSE control block instance shall be used.

<xs:complexType name="tServerAt">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:attribute name="apName" type="tName" use="required"/>
</xs:extehsion>
</xs:complexContent>
</xs:complexType>

The SerizerAt element has only the attribute apName, which references the AccessPoint on
the same |ED, which hosts / defines the server’s data model.

The LN list allows a list of client LNs to be defined for a pure client access point. These client
INs can then be referenced to define the data flow between IEDs and to reserve control block

instances, e.g. as reporting client to a report control block instance. For an example see IED
A1KA1 in D.2.

9.3.3 The IED server

A communication server of the |IED is described as follows:

<xs:complexType name="tServer">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>
<xs:element name="Authentication">
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<xs:complexType>
<xs:attributeGroup ref="agAuthentication"/>
</xs:complexType>
</xs:element>
<xs:element name="LDevice" type="tLDevice" maxOccurs="unbounded"/>
<xs:element name="Association" type="tAssociation" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="timeout" type="xs:unsignedint" use="optional" default="30"/>
</xs:extension>

/ye'r‘nmplny(‘nntnnf>
</xs:complexType>

The IED server contains the elements Authentication, LDevice and Association. The attributes
are defined as shown in Table 13.

Table 13 — Attributes of the IED server element

Attribute name Description

timeout Time out in seconds: if a started transaction (for example selection of a setting group) is
not completed within this time, it is cancelled and reset

desc A descriptive text

A server connection to a communication subnetwork is identified within the system by an
access point. The access point identification in the cammunication system (address) is
contained in the SCL communication section (see 9.4),

The mandatory Authentication element defines,(in the case of a device description the
authentication possibilities, in case of a device’ instantiated in a plant the method(s) to be
used for authentication. If all attributes are missing, the default method is none (i.e. no
authentication, meaning that the attribute . none has the value true). The exact meaning of the
other methods, especially weak and streng, is defined in the stack mappings (SCSMs).

<xs:attributeGroup name="agAuthentication">
<xs:attribute name="none" type="xs:boolean" use="optional" default="true"/>
<xs:attribute name="password" type=xs:boolean" use="optional" default="false"/>
<xs:attribute name="weak" type="xsiboolean" use="optional" default="false"/>
<xs:attribute name="strong" type="Xs:boolean" use="optional" default="false"/>
<xs:attribute name="certificate" type="xs:boolean" use="optional" default="false"/>
</xs:attributeGroup>

The attributes of thefAuthentication element are defined in Table 14.

Table 14 — Attributes of the Authentication element

Attribute name Description

none No authentication

password

weak

Is defined in the stack mappings (SCSMs)
strong

certificate

NOTE The GOOSESecurity and SMVSecurity elements of the access point are only allowed to be used if
certificate="true” at the Authentication element.

9.3.4 The logical device

The LDevice element defines a logical device of the IED reachable via an access point. It
shall contain at least the LNO, and may contain a preconfigured report, GSE and SMV
definitions.
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<xs:complexType name="tLDevice">
<xs:complexContent>
<xs:extension base="tUnNaming">

<xs:sequence>
<xs:element ref="LNO"/>
<xs:element ref="LN" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="AccessControl" type="tAccessControl" minOccurs="0"/>

</xs:sequence>

<xs:attribute name="inst" type="tLDInst" use="required"/>

<xs:attribute name="IdName" fylnnz"ﬂ DName" ||Qn="nlnfinnnl"/>

</xs:extension>
</xs:complexContent>
</xs:complexType>

The attributes of the LDevice element are defined in Table 15.

Table 15 — Attributes of the LDevice element

Attribute name Description

inst Identification of the LDevice within the IED. Its value cannot be the empty string. It is
always used as key part for references to logical devices within the SCL file.

desc The description text

IdName The explicitly specified name of the logical device‘aécording to IEC 61850-7-1 and
IEC 61850-7-2 within the communication. If missing, the default is the IED name
concatenated with the inst value defined aboye

Restrictions

e The LD inst shall be unique within the IEDS

e The LD name built from inst and other parts as described in 8.5 shall be unique within
each SCL file.

e The IdName, if specified, must be-unique within each SubNetwork (even if distributed in
several SCL files, e.g. SED files); and different to any default name of other LDs.

e The length of the attribute inSt shall be at least one character.

e The length of the logicalldevice name (either IdName, or IED name concatenated with inst)
is restricted to 64 characters, and it is alphanumeric with only underscore (_) as additional
character.

9.3.5 LNO and other Logical Nodes

<xs:complexXType name="tLNO">
<xs:cemplexContent>
<xs:extension base="tAnyLN">
<xs:sequence>
<xs:element name="GSEControl" type="tGSEControl" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="SampledValueControl" type="tSampledValueControl" minOccurs="0"
maxOccurs="unbounded"/>
<xs:element name="SettingControl" type="tSettingControl" minOccurs="0"/>

</xs sequence>
N 1
<xs:attribute name="InClass" type="tLNClassEnum" use="required" fixed="LLNOQ"/>
<xs:attribute name="inst" type="xs:normalizedString" use="required" fixed=""/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The LNO contains the following elements: GSEControl (see 9.3.10), SampledValueControl
(see 9.3.11), and SettingControl (see 9.3.12. Furthermore, it inherits ReportControl, Log and
LogControl from the base type tAnyLN, as well as the DO/ and Inputs element.
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The Log element indicates that the logical device, which is controlled by this LNO, contains a
log, and its instance name IdInst can be used as log name within a log control block.

The LN contains the following elements: DataSet (see 9.3.7), ReportControl(see 9.3.8),
LogControl (see 9.3.9), DOI (see 9.3.6) and Inputs (see 9.3.13). Further it contains Log
element(s), if the LN contains one or more logs. The Log element has as its only attribute its
name, which shall be unique within the LN. If this log name is missing, the default name value
is the LD instance name (LD inst value).

The attributes of the LN are defined as shown in Table 16.

Table 16 — Attributes of the LNO element

Attribute name Description

desc The description text for the logical node

InType The instantiable type definition of this logical node, reference to a KNodeType
definition

InClass The LN class according to IEC 61850-7-x or other domain Specific standards

inst The LN instance number identifying this LN — an unsigned”integer; leading zeros are
not recommended, as they formally lead to another instance identification.

prefix The LN prefix part

Restrictions

The LNO LN class is always LLNO, so no ipst\attribute is needed. For the referencing of
links to LNO, /nInst shall be missing, and In€fass shall be LLNO.

The Logical Node (type tLN) is described as follows:

<xs:complexType name="tLN">
<xs:complexContent>
<xs:extension base="tAnyLN">
<xs:attribute name="InClass" type="tLNClassEnum" use="required"/>
<xs:attribute name="inst" type="tLNInst" use="required"/>
<xs:attribute name="prefix" type="tPrefix" use="optional" default=""/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

tAnyLN, the supet-type of both tLNO and tLN, is defined as follows:

<xs:complextype name="tAnyLN" abstract="true">
<xs:complexContent>
<xS:éxtension base="tUnNaming">
<xs:sequence>
<xs:element name="DataSet" type="tDataSet" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="ReportControl" type="tReportControl" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="LogControl" type="tLogControl" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="DOI" type="tDOI" minOccurs="0" maxOccurs="unbounded">
<xs:unigue name="uniqueSDI_DAIlinDOI">

<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="Inputs" type="tInputs" minOccurs="0">
<xs:uniqgue name="uniqueExtReflnInputs">
<xs:selector xpath="./scl:ExtRef"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@doName"/>
<xs:field xpath="@daName"/>
<xs:field xpath="@intAddr"/>
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</xs:unique>

</xs:element>
<xs:element name="Log" type="scl:tLog" minOccurs="0" maxOccurs="unbounded"/>

</xs:sequence>

<xs:attribute name="InType" type="tName" use="required"/>

</xs:extension>
</xs:complexContent>
</xs:complexType>

The LN contains the following elements: DataSet (see 9.3.7), ReportControl(see 9.3.8)

LogControl (see 9.3.9), DOI (see 9.3.6) and Inputs (see 9.3.13). Further it contains Log
element(s), if the LN contains one or more logs. The Log element has as its only attribute _its
name, which shall be unique within the LN. If this log name is missing, the default name value
is the LD instance name (LD inst value).

The attributes of the LN are defined as shown in Table 17.

Table 17 — Attributes of the LN element

Attribute name Description
desc The description text for the logical node
InType The instantiable type definition of this logical node, reference to a LNodeType definition
InClass The LN class according to IEC 61850-7-x or other'domain specific standards.
inst The LN instance number identifying this LN —ansunsigned integer; leading zeros are not
recommended, as they formally lead to another instance identification
prefix The LN prefix part

The optional DOI elements in an LN definitioh ¢an be used to define special instance-related
values for data objects and their attributes by using SDI elements for data object or attribute
structure parts (if needed) and DAI elements per final attribute (see DOI definition in 9.3.6).
The data objects and attributes referenced here shall however already be defined within the
LNodeType definition of the LN, referenced with the LNType attribute of the LN. The DOI
elements at this place for this instance shall NOT define new DOs or new attributes, which are
not contained in the LNodeType: For example, the pulse length configuration parameter of a
DPC CDC, specified with 100dms in the LNodeType, is overwritten here with a value of 300
ms for this special DO. If the)same value applies to several occurances, typical values can be
defined within the DataTypeTemplate section. In this case an individual value can be used to
override the typical value.

Restrictions

e The LN Name consisting of prefix, InClass and inst shall be unique within the scope of the
logical\device, if a server is defined, or else within the scope of the IED.

o The'inst attribute shall be a number with no more than 7 digits.

o~ The prefix follows the restrictions stated in IEC 61850-7-2.

o The Log element is only allowed in LLNO, and in some special LN classes explicitly

defimedimother partsof this stanmdardorimother stanmdards:

9.3.6 Data object (DOI) definition

<xs:complexType name="tDOI">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:choice minOccurs="0" maxOccurs="unbounded">
<xs:element name="SDI" type="tSDI">
<xs:unigue name="uniqueSDI_DAIlinSDI">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
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<xs:element name="DAI" type="tDAI"/>
</xs:choice>
<xs:attribute name="name" type="tDataName" use="required"/>
<xs:attribute name="ix" type="xs:unsignedint" use="optional"/>
<xs:attribute name="accessControl" type="xs:normalizedString" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
Tilﬂ DOI ib UlUblillJUd Il.)y UT1Ic Uf “Ib‘ fU“UWiIIg UiUlllbllib. SDl’ Ul DA;
The attributes of the DOI are defined as shown in Table 18.
Table 18 — Attributes of the DOI element
Attribute name Description
desc The description text for the data
name A standardized DO name for example from IEC 61850-7-4. It is-thé root name part as

defined in the LNodeType definition. Its value must be unique-atithis level, i.e. there
shall be at maximum one DOI element for the same data object.

ix Index of a data element in case of an array type; shall not.be used if DOl has no array
type
accessControl Access control definition for this data. The emptyystring (default) means that the higher-

level access control definition applies. Possiblé\walues are SCSM dependent.

The DAI attribute within the DOI defines the attributes.and the related values to be set. Again,
all attributes shall also be contained in the LNodeType definition of this LN. Only those are
repeated here, where some additional (attributeor element) values shall be set or individually
overwritten.

<xs:complexType name="tDAI">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>
<xs:element name=al" type="tVal" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name='name" type="tAttributeNameEnum" use="required"/>
<xs:attribute name="sAddr" type="xs:normalizedString" use="optional"/>
<xs:attributesname="valKind" type="tValKindEnum" use="optional"/>
<xs:attribute hame="ix" type="xs:unsignedInt" use="optional"/>
<xs:attribute name="vallmport" type="xs:boolean" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The.DAI contains the elements Val (see 9.5.4).

ThU DA: d”UVVD thU dbel;pt;Ull Uf illbtdllbc va:uca fUI dall :ED Thlb vall bc uacd dt thG
engineering stage by other IEDs/LNs which need to know configuration-related values, for
example if they have no services to read the values, or if the IED does not support their
reading. Alternatively it can be used by the IED itself to set these values, either to offer them
via the communication protocol, or at least consider them in its internal functions.

The attributes of the DAI are defined as shown in Table 19.
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Table 19 — Attributes of the DAI element

Attribute name Description

desc The description text for the DAl element

name The name of the Data attribute whose value is given. It is the last name partin a
structured attribute name.

sAddr Short address of this Data attribute

valKind The meaning of the value from the engineering phases. If missing, the valKind from the
type definition applies for any attached value.

ix Index of the DAI element in case of an array type

vallmport if true, an IED / IED configurator supports import of values modified by another. toql;
even if valKind=RO or valKind=Conf; the default value is defined in the
DatatypeTemplate section. It is the responsibility of the IED configurator to assure value
consistency and value allowance even if vallmport is true.

The DAI element contains a subset of the DA attributes, and shall be used within an IED DOI
specification if some instance specific attribute values are set or (typical attribute values
overwritten. The DAI name together with the index value, if supplied; shall be unique at the
specified level.

The subset of data or data attributes are described as follows?

<xs:complexType name="tSDI">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:choice minOccurs="0" maxOccurs="unbounded">
<xs:element name="SDI" type="tSDI"/>
<xs:element name="DAI" type="tDAI"/>
</xs:choice>
<xs:attribute name="name" type="tAttributeNameEnum" use="required"/>
<xs:attribute name="ix" type="xs:unsighedInt" use="optional"/>
<xs:attribute name="sAddr" type£”xs:normalizedString" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The SDI element stands for’a substructure name part, either from a DO (corresponding to
SDO in LNodeType) or-a-DA substructure name, except the final (leaf) attribute name. The
SDI element contains either the elements SDI for a further structure name part, or DAI for the
final attribute element‘with the value(s).

The attributes.of the SDI element are defined as shown in Table 20.

Table 20 — Attributes of the SDI element

Attribute name Description
desc A description text for the SDI part
TTamTe NameoftheSBt(structurepart)
ix Index of the SDI element in case of an array type
sAddr The short address for the whole structure. Shall only used if no lower level attribute has
an sAddr value at instance or type definition.

Restrictions for DAI and SDI

e The name shall begin with a lower-case letter, except SlUnit and the exceptions
defined in IEC 61850-8-1.

e Dots (.) are not allowed within names, only alphanumeric characters
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e the combination of name value and ix value shall be unique at each level (e.g. inside a
DOI element)

Example:

The following example describes the value of a structured DO and an array DO as DOI

<DOI name="Volts">

Soul Tidifne= svu -~
<DAIl name="offset"><Val>0</Val></DAI>
<DAIl name="scaleFactor"><Val>200</Val></DAI>
</SDI>
</DOI>
<DOI name="TmASt" desc="Example of array value definition — function wise meaningless">
<SDI name="crvPts" ix="1">
<DAIl name="xVal"><Val>12.5</Val></DAl>
<DAl name="yVal"><Val>22.1</Val></DAI>
</SDI>
<SDI name="crvPts" ix="2">
<DAIl name="xVal"><Val>102.5</Val></DAI>
<DAIl name="yVal"><Val>2.1</Val></DAl>
</SDI>
</DOI>

9.3.7 Data set definition

<xs:complexType name="tDataSet">
<xs:complexContent>
<xs:extension base="tNaming">
<xs:choice maxOccurs="unbounded">
<xs:element name="FCDA" type="tFCDA/>
</xs:choice>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The DataSet contains a sequence:0f*FCDA elements. The data set definition of the LN has
the following attributes (see Table:21):

Table 21 — Attributes of the DataSet element

Attribute name Description
name A name identifying this data set in the LN where it is defined
desc The description text for the data set

<xs:complexType name="tFCDA">
<xs:attribute name="ldInst" type="tLDInst" use="optional"/>
<x8:attribute name="prefix" type="tPrefix" use="optional" default=""/>
<xs:attribute name="InClass" type="tLNClassEnum" use="optional"/>
<xs:attribute name="InInst" type="tLNInst" use="optional"/>
<xs:attribute name="doName" type="tName" use="optional"/>
<xs:attribute name="daName" type="tName" use="optional"/>

<xs:attribute name="fc" type="tFCEnum" use="required"/>
<xs:attribute name="ix" type="xs:unsignedint" use="optional"/>
</xs:complexType>

The FCDA element defines the name of a functionally constrained data or functionally
constrained data attribute according to IEC 61850-7-2 of this IED to be contained in the data
set. The element has the following attributes (see Table 22):
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Table 22 — Attributes of the FCDA element

Attribute name Description

IdInst

The LD where the DO resides; shall always be specified except for GSSE

prefix

Prefix identifying together with /ninst and /nClass the LN where the DO resides; optional,
default value is the empty string

InClass

LN class of the LN where the DO resides; shall always be specified except for GSSE

Datatabetempty strimg

InInst

Instance number of the LN where the DO resides; shall be specified except for LLNO

doName

A name identifying the DO (within the LN). A name standardized in IEC 61850-7-4, The
doName attribute is mandatory if the dataset is used for any other service than the
deprecated GSSE. For elements or parts of structured data object types, all name“parts
are contained, separated by dots (.), down to (but without) the level where the fc'is
defined. If an SDO array element is selected, the appropriate name part shall.contain at
its end before a possible dot the array element number in the form
(ArrayElementNumber).

daName

The attribute name — if missing, all attributes with functional characteristic given by fc
are selected. For elements or parts of structured data types, all hame parts are
contained, separated by dots (.), starting at the level where_ the)fc is defined. If an
attribute’s array element is selected, the appropriate attribute)name part shall contain at
its end before any separating dot the array element number/in the form
(ArrayElementNumber).

fc

All attributes of this functional constraint are selectéd. Possible constraint values see
IEC 61850-7-2 or the fc definition in 9.5

An index to select an array element in case that one of the data elements is an array.
The ix value shall be identical to the ArrayElementNumber value in the doName or
daName part.

The order of data within a message based on‘this data set definition shall be the FCDA order
in the data set. If an FCDA specifies a set\oftattributes via fc, then the order of data values is
specified by the data object definitionsand the attribute order in the corresponding LNs
DOType. The attribute order inside the DatatypeTemplate section DOType and DAType elements shall
follow the CDC definitions of IEC 61850-7~3.

Restrictions

If daName contains“a non empty value, then the fc value must be valid for the attribute
(i.e. defined identically at the appropriate LNodeType definition), otherwise the SCL
file processing shall be stopped with an error message.

If all attributes of the FCDA (except fc) are missing or empty, then this corresponds to
an empty.string in a GSSE Datalabel definition (fc value should be ST) — in all other
datacsets, this is not allowed and IdInst, InClass, Inlnst, doName and fc are mandatory.
Observe that GSSE is deprecated and only mentioned here for backwards
compatibility.

All control blocks, which reference a data set, shall be contained in the same LN as
the data set definition. Therefore, the data set reference within all control blocks only
contains the LN relative data set name (Name attribute at DataSet element), and not

Hoe full nam A (v
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7-2).

The data set name length is syntactically restricted to 32 characters, which
corresponds to a general name length specifiable in the Services element of 64
characters. Observe that the default name length of the Services element of 32 means
that the allowed usable data set name length is even shorter, i.e. 20 characters.
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Data set example

<DataSet name="Example">
<FCDA IdInst="C1" prefix="" InInst="1" InClass="CSWI" doName="Pos" fc="ST"/>
<FCDA IdInst="C1" prefix="" InInst="2" InClass="CSWI" doName="Pos" fc="ST"/>
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<FCDA IdInst="C1" prefix="" InInst="1" InClass="MMXU" doName="A" fc="MX"/>
<FCDA IdInst="C1" prefix="" InInst="1" InClass="MMXU" doName="PhV.phsA" fc="MX" daName="cVal" />
<FCDA IdInst="C1" InInst="1" InClass="PVOC" doName="TmASt " fc="SP" daName="crvPts(2).xVal" ix="2"/>

<FCDA IdInst="C1" InInst="1" InClass="MHAI" doName="HPhV.phsAHar(3)" fc="MX" daName="mag" ix="3"/>
</DataSet>

9.3.8 Report control block

A report cantrol block definition of the | N is as follows:-

<xs:complexType name="tReportControl">
<xs:complexContent>
<xs:extension base="tControlWithTriggerOpt">
<xs:sequence>
<xs:element name="OptFields">
<xs:complexType>
<xs:attributeGroup ref="agOptFields"/>
</xs:complexType>
</xs:element>
<xs:element name="RptEnabled" type="tRptEnabled" minOccurs="0"/>
</xs:sequence>
<xs:attribute name="rptID" type="tName" use="optional"/>
<xs:attribute name="confRev" type="xs:unsignedint" use="required"/>
<xs:attribute name="buffered" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="bufTime" type="xs:unsignedInt" use="optional" default="0"/>
<xs:attribute name="indexed" type="xs:boolean" use="optional" defaut="true"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

<xs:complexType name="tControlWithTriggerOpt" abstract="true">
<xs:complexContent>
<xs:extension base="tControl">
<xs:sequence>
<xs:element name="TrgOps" type="tTrgOps’ minOccurs="0"/>
</xs:sequence>
<xs:attribute name="intgPd" type="xs:unsignedint" use="optional" default="0"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The report control block (RCB)\contains the elements:TrgOps, OptFields and RptEnabled.
The attributes given in Table 23 are used.

Table 23 — Attributes of the report control block element

Attribute name Description
name Name of the report control block. This name is relative to the LN hosting the RCB, and
shall be unique within the LN
desc The description text
datSet The name of the data set to be sent by the report control block; datSet should only be

missing within an ICD-File, or to indicate an unused control block. The referenced data
set must be in the same LN as the control block.

e S 1 b h I T ! = 2 } 1 P ] "
mnyru mneyrity pecriou 1 s Lutius = SCT 1TEU U <. Uiy TeievdiTt 1T uTtgycr Upuun

period is set to true

rptID Identifier for the report control block, optional; if not used, its value shall be set to NULL
(see IEC 61850-7-2)
confRev The configuration revision number of this report control block. The value 0 is only

allowed for a control block without data set reference. A reset by the system configurator
is not allowed.

buffered Specifies if reports are buffered or not — see IEC 61850-7-2; default: false
bufTime Buffer time — see IEC 61850-7-2; default: 0
indexed If true, the report control block instance names are built from the supplied name,

followed by an index number from 01 up to maximum 99. Default: true. The value false is
not allowed for SCT created instances.
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The attributes of element TrgOps are defined as follows:

<xs:complexType name="tTrgOps">
<xs:attribute name="dchg" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="qchg" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="dupd" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="period" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="gi" type="xs:boolean" use="optional" default="true"/>

</xs:complexType>

If an attribute is not given, its value (the corresponding trigger option) is false, meaning that
the trigger option shall not be used. The only exception is the gi trigger option, which ‘per
default is true due to backwards compatibility reasons.

The element OptFields is defined as follows:

<xs:element name="OptFields">
<xs:complexType>
<xs:attributeGroup ref="agOptFields"/>
</xs:complexType>
</xs:element>

<xs:attributeGroup name="agOptFields">
<xs:attribute name="seqNum" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="timeStamp" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="dataSet" type="xs:boolean" use="optional" defauit="false"/>
<xs:attribute name="reasonCode" type="xs:boolean" use="optional’_default="false"/>
<xs:attribute name="dataRef" type="xs:boolean" use="optional default="false"/>
<xs:attribute name="entrylD" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="configRef" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="bufOvfl" type="xs:boolean" use="optional" default="true"/>

</xs:attributeGroup>

Setting one of the attributes to true means that the corresponding data shall be included in
the report (see IEC 61850-7-2). The default value of attribute bufOvfl is true, i.e. it has only to
be set if it shall be false. The attribute segmentation is deprecated, because it has no
meaning, and is removed from this version. It shall however be accepted as input for
backward compatibility and should'not be used, i.e. ignored at input.

The element RptEnabled is defined as follows:

<xs:complexType name="tRptEnabled">
<xs:complexContent>
<xs:extensjon base="tUnNaming">
<xs.sequence>
<xs:element name="ClientLN" type="tClientLN" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="max" type="xs:unsignedint" use="optional" default="1"/>
</xs:extension>
</xs:complexContent>
</xs:eomplexType>

The RptEnabled element contains the list of client LNs which can enable the reporting and for
which the appropriate control block instance shall be reserved

The attributes given in Table 24 are used.
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Table 24 — Attributes of the RptEnabled element

Attribute name

Description

desc

The description text

max

Defines the maximum number of report control blocks of this type, which are instantiated

at configuration time in the LN (and then used online). The default value is 1. A missing
RptEnabled element within an ICD file indicates that this value shall be set by the
system configurator within the limits defined by the ConfReportControl and

DynAssociation element's max attributes.

According to IEC 61850-7-2, a report control block is dedicated to at most one client at atime.
This means that if max > 1 is given for RptEnabled, more than one report control block, (RCB)
of this type is instantiated in the IED. Observe that for all permanently used buffered control
blocks, a ClientLN shall be preconfigured, and ResvTms set to -1, if it exists~For all other
control block instances an existing ResvTms shall be set to 0. If ClientLNs aré&\preconfigured
for unbuffered RCBs, then the Resv (URCB Reservation is described inp~IEC 61850-7-2)
attribute of the RCB shall be set to true additionally to the RptEna attribute (Report Enable is
described in IEC 61850-7-2) in the IED. The URCName or BRCName_0f,the control block as
defined in IEC 61850-7-2 is built from the RCName attribute above by either using it directly if
the attribute indexed is set to false, or (if indexed=true) followed"by a two digit number
between 01 and max. If ClientLNs are defined and the attribute indexed is set to true (which is
the default value), the index (position) of the ClientLN in thelist contained in the RptEnabled
element is used as this number for this client (the first client.relates to index 01). This means
that a report control block definition in SCL has to be,.considered as a type, and not as an
instance, which might have 99 instances for 99 clients/ In case of buffered control blocks
indexed may only be set to false, if only one instance“of this type is possible, i.e. max=1.

The ClientLN element defines the name of an kN in the system, which is a client to this report
CB type.

<xs:complexType name="tClientLN">

<xs:attributeGroup ref="agLNRef"/>

<xs:attribute name="apRef" type="tA¢cessPointName" use="optional"/>
</xs:complexType>

<xs:attributeGroup name="agLNRef">
<xs:attributeGroup ref="agLBRef"/>
<xs:attribute name="prefix"\type="xs:normalizedString" use="optional"/>
<xs:attribute name="In€lass" type="tLNClassEnum" use="required"/>
<xs:attribute name="InInst" type="xs:normalizedString" use="required"/>
</xs:attributeGroup>

The attributes/given in Table 25 are used.

Table 25 — Attributes of the ClientLN element

Attribute name Description
iedName The name of the IED where the LN resides
apRef The name of the access paoint via which the IED shall be accessed Qptional not needed
if the IED has only one access point.
IdInst The instance identification of the LD where the LN resides
prefix The LN prefix
InClass The LN class according to IEC 61850-7-4 or domain specific standards
Ininst The instance id of this LN instance of below LN class in the IED
desc optional descriptive text, e.g. about purpose of the client
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Observe that if the buffered control blocks support the online ResvTms attribute, that then on
loading the SCD file the value of this attribute shall be set to -1 (reserved) for all instances
allocated to clients, and to O (free) for all other instances.

ClientLN restrictions

e Both the iedName and Idinst (as specified in the attribute group agLDRef) shall be
specified with non-zero length. If the reference is to an LN at a pure client access

point, then the value of Idinst shall be LDO. Note that earlier SCL versions might use
other IdInst values here.

e Only the prefix is optional in cases where the referenced LN instance has no prefix
(prefix value = empty string). If it is defined, it must have a non zero length.

e InInst is required. If the LLNO is referenced, the value is the empty string.
Report control block restrictions

e The name of the report control block shall be unique within the LN." It contains only
alphanumeric characters.

e The datSet attribute must contain a valid reference. If an unused-control block is in the
IED, then for this the datSet attribute must be left out completely. The data set is
referenced by its LN relative name only, i.e. it shall reside inythe same LN as the control
block.

e The rptID can be missing, if the NULL value accéording to IEC 61850-7-2 is used.
However, if the attribute is used, its value shall, not be the empty string (however the
empty string shall be accepted as input for backwatd compatibility).

e The confRev value 0 is only allowed for newly created control blocks without data set
reference. For any change of the data set structure or the data set reference, inclusive
removal of this, confRev shall be incremented.

Note that to identify a LN within the system, the IED-based designation is used within SCL,
even if the communication level name is based on a separately supplied IdName. It is
recommended that a tool assurescthat the defined client is really accessible across the
defined communication system.

For pre-established associations, the Associationld corresponding to the referenced LN can
be found in the association‘definition section of this IED as defined in 9.3.14.

Example:

<ReportControl'hame="PosReport" rptID="E1Q1Switches" datSet="Positions" confRev="1">
<TrgOps dchg="true" qchg="true"/>
<OptFields/>
<RptEnabled max="5">
<ClientLN iedName="A1KA1" IdInst="LDQ" InInst="1" InClass="IHMI"/>
%/RptEnabled>
<IReportControl>

The RptEnabled part defines that the Report control block type is valid for 5 (unbuffered;
missing buffered attribute) RCBs with names PosReport01, PosReport02, up to PosReport05

(missing indexed attribute means true). The first one, PosReport01, is already reserved for
the client AMKA1LD1/IHMI1. All reports are triggered with dchg and qchg, and the buffer time
is 0. No OptFields are defined, i.e. only the mandatory information is included in the report.

9.3.9 Log control block

A log control block is defined by the following element:

<xs:complexType name="tLogControl">
<xs:complexContent>
<xs:extension base="tControlWithTriggerOpt">
<xs:attribute name="ldInst" type="tLDInst" use="optional"/>
<xs:attribute name="prefix" type="tPrefix" use="optional" default=""/>
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<xs:attribute name="InClass" type="scl:tLNClassEnum" use="optional" default="LLNQ"/>
<xs:attribute name="InInst" type="tLNInst" use="optional"/>
<xs:attribute name="logName" type="tLogName" use="required"/>
<xs:attribute name="logEna" type="xs:boolean" use="optional" default="true"/>
<xs:attribute name="reasonCode" type="xs:boolean" use="optional" default="true"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
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defined in IEC 61850-7-2. For those where it is completely
is used.

The attributes of the log control block element are defined in Table 26.

Table 26 — Attributes of the log control block element

Attribute name Description

name the name of the log control block

desc a description text

datSet the name of the data set whose values shall be logged{datSet should only be missing
within an ICD-File, or for an unused control block. The‘referenced data set must reside
in the same LN as the control block.

intgPd integrity scan period in milliseconds — see IEC'64850-7-2.

IdInst The identification of the LD where the log(resides; if missing, the same LD where this
control block is placed.

prefix Prefix of LN where the log resides; if'missing, empty string

InClass Class of the LN where the log résides; if missing, LLNO

InInst Instance number of LN, whére the log resides; missing for LLNO

logName Relative name of the Ipgwwithin its hosting LN; name of the log element

logEna TRUE enables immediate logging; FALSE prohibits logging until enabled online

reasonCode If true, the reason code for the event trigger is also stored into the log — see IEC 61850-7-2

Restrictions

e The name of the log control block shall be unique within the LN.

e The datSet attribute shall contain a valid data set reference, or be missing completely.
The data set-reference is the LN relative name only, i.e. data set and control block shall
reside inthe same LN.

e The log.reference shall point to a valid, defined log
The_following extract of an SCL file shows a log control block example, which logs data from

thevdata set Positions into the log C1 of the same logical device where this LCB is located,
triggered by either data change or quality change.

<CogConirol name="LogPos" datset="Posiions” logName="C1 >
<TrgOps dchg="true" qchg="true"/>
</LogControl>

9.3.10 GSE control block
The following GSE control element is only allowed in the logical node LLNO.

<xs:complexType name="tGSEControl">
<xs:complexContent>
<xs:extension base="tControlWithIEDName">
<xs:attribute name="type" type="tGSEControlTypeEnum" use="optional" default="GOOSE"/>
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<xs:attribute name="appID" type="xs:normalizedString" use="required"/>
<xs:attribute name="fixedOffs" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="securityEnable" type="scl:tPredefinedTypeOfSecurityEnum" use="optional"
default="None"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

<xs:complexType name="tControlWithIEDName">

<xs:complexContent>
<xs:extension base="tControl">
<xs:sequence>
<xs:element name="IEDName" minOccurs="0" maxOccurs="unbounded">
<xs:complexType>
<xs:simpleContent>
<xs:extension base="tIEDName">
<xs:attribute name="apRef" type="tAccessPointName" use="optional"/>
<xs:attribute name="ldInst" type="tLDInst" use="optional"/>
<xs:attribute name="prefix" type="tPrefix" use="optional"/>
<xs:attribute name="InClass" type="tLNClassEnum" use="optional"/>
<xs:attribute name="InInst" type="tLNInst" use="optional'/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="confRev" type="xs:unsignedint" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The attributes given in Table 27 are used.

Table 27 — Attributes of the GSE control block element

Attribute name Description
name The name identifying this GOOSE control block
desc A description text
datSet The'vname of the data set to be sent by the GSE control block. For type=GSSE, the

FECDA definitions in this data set shall be interpreted as DatalLabels according to
IEC 61850-7-2. The attribute datSet should only be missing within an ICD-File, or to
indicate an unused control block. It resides in LLNO like the control block

confRev The configuration revision number of this control block. It is recommended to increment
this by 10 000 on each configuration change, to distinguish this from online changes
leading to an increment of 1 only

type If the type is GSSE (deprecated), then only single indication and double indication data

types are allowed for the data items referenced in the data set, otherwise all data types

are allowed. Note that on stack level, each type might be mapped differently to message
formats. The default type value is GOOSE

applD A system wide unique identification of the application to which the GOOSE message

hal
DETOREgS

fixedOffs Default value false. If set to true it shows all receivers, that the values within the
GOOSE message have fixed offset in the GOOSE message until a reconfiguration. This
might mean for an MMS mapping that e.g. for integer values always the maximum size is
used, although ASN.1 would allow a shorter coding.

securityEnabled Default: None. Allows to configure the message security options per control block
instance: Signature or SignatureAndEncryption. Only those indicated by the McSecurity
element of the GSESetting are allowed.

The GSE control block may optionally contain IED names for those IEDs which have to
subscribe to the GSE data. Additionally to the IED name it is allowed to specify the
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destination in more detail down to the logical node level. For this purpose the following
additional optional attributes can be used:

Table 28 — Attributes of the IEDName element

Attribute name Description

apRef The reference to the access point on the IED, via which the data shall flow. Optional,
only needed if the IED has more than one access point

IdInst Identifies the destination LD in the IED. Optional.

prefix Destination LN prefix. Optional

InClass Destination LN class, optional. If missing, no destination LN at all

Inlnst Destination LN instance number, optional. If missing, either no destination LN} or
InClass = LLNO.

Restrictions

e The GSE control block name shall be unique within the LLNO, i.e -thelogical device.

e The datSet attribute must contain a valid data set reference, arybe missing completely. A
referenced data set shall reside in LLNO, like the control block}

e The confRev attribute is mandatory if the type is GOOSE((respective the type attribute is
not specified).

o Different applications within the station shall have unique appld values. It is up to the
project/system engineer to decide what an application is.

e The confRev value 0 is only allowed for néwly created control blocks without data set
reference. For any change of the data sét)structure or the data set reference, inclusive
removal of this, confRev shall be incremented.

e The type GSSE shall no longer be used; it exists only for backwards compatibility.
The following SCL extract shows ancexample of a GOOSE control block definition:
<GSEControl name="ItIPositions;" datSet="Positions" appID="ItI" " confRev="20000" />

<I[EDName apRef="S1"=AA1_D1_QO03A1</IEDName>
</GSEControl>

Its relative name withinvthis LLNO is /t/Positions, its message contents is defined by the data
set Positions, and it 'shall be used for the /t/ application.

9.3.11 Sampled value control block

The following sampled value control block element is only allowed in the logical node LLNO.

<xs:complexType name="tSampledValueControl">
<xs:complexContent>
<xs:extension base="tControlWithIEDName">
<xs:sequence>

XS efement name="SmvOopts">
<xs:complexType>
<xs:attributeGroup ref="agSmvOpts"/>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="smvID" type="xs:normalizedString" use="required"/>
<xs:attribute name="multicast" type="xs:boolean" default="true"/>
<xs:attribute name="smpRate" type="xs:unsignedInt" use="required"/>
<xs:attribute name="nofASDU" type="xs:unsignedInt" use="required"/>
<xs:attribute name="smpMod" type="tSmpMod" use="optional" default="SmpPerPeriod"/>
<xs:attribute name="securityEnable" type="scl:tPredefinedTypeOfSecurityEnum" use="optional"
default="None"/>
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</xs:extension>
</xs:complexContent>
</xs:complexType>

The sampled value control block contains the element SmvOpts, and as extension of the
schema type tControlWithIEDName it optionally contains several IED references of IEDs
which shall receive the messages — see Table 28.

The attributes given in Table 29 are used.

Table 29 — Attributes of the sampled value control block element

Attribute name Description
name A name identifying this SMV control block
desc The description text
datSet The name of the data set whose values shall be sent; datSet should only be missing

within an ICD-File, or to indicate an unused control block. A referenced data set must
reside in LLNO.

confRev The configuration revision number of this control block;.mandatory. It is recommended to
increment it by 10000 on any configuration change, to distinguish this from online
configuration changes leading to an increment of 1, gnly

smvID Multicast CB: the MsvID for the sampled value definition as defined in IEC 61850-7-2
Unicast CB: the UsvID as defined in IEC 61850-7-2

multicast false indicates Unicast SMV services orly 'meaning that smvID = UsvID

smpRate Sample rate as defined in IEC 618507-2. If no smpMod is defined, in samples per
period, else as stated by smpMod.

nofASDU Number of ASDU (Application,service data unit) — see IEC 61850-9-2

smpMod The sampling mode as defined in IEC 61850-7-2; default: SmpPerPeriod; if supported by

the IED, also SmpPerSet,and SecPerSample can be choosen. In these cases smpRate
defines the appropriatessample number per second, or seconds between samples.

securityEnabled Default: None. Allows to configure the message security options per control block
instance: Signature or SignatureAndEncryption. Only those indicated by the McSecurity
element of the " SMVSetting are allowed.

If Multicast is FALSE, i-e;-this is a Unicast control block, a maximum of one subscriber IED
shall be assigned tothe’instance.

e the attribute.datSet must contain a valid data set reference, or be missing completely,
e The UsvCBName defined in IEC 61850-7-2 shall be set directly to the defined name.
o the Resv attribute of the CB as defined in IEC 61850-7-2 shall be initialized to TRUE.

If Mujlticast is TRUE, then name corresponds directly to MsvCBName.

The following attributes can be set:

XS atrbuteGroup name= agsmvopts
<xs:attribute name="refreshTime" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="sampleRate" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="dataSet" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="security" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="synchSourceld" type="xs:boolean" use="optional" default="false"/>
</xs:attributeGroup>

The attributes of the Smv Options element are defined in Table 30.
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Table 30 — Attributes of the Smv Options element
Attribute name Description

refreshTime The meaning of the options is described in IEC 61850-7-2. If any of the attributes is set
to true, the appropriate values shall be included into the SMV telegram

sampleRate

dataSet The meaning of the options is described in IEC 61850-7-2. If the attribute is set to true,
the dataset name shall be included into the SMV telegram

security See IEC 61850-9-2 for description

synchSourceld if true, the SV message contains the identity of the synchronizing master clock
according to IEC 61850-9-3; default = false

The following options (see Table 31) are deprecated and removed from the SCL syntax of this
edition of IEC 61850-6, however they should be accepted as input for backward‘compatibility.

Table 31 — Deprecated Smv options

Attribute name Description

dataRef This value is no longer supported in SV-Telegrams. Therefore only the value false can
be accepted

sampleSynchronized This value is now always in the SV telegrams. PThe’option is kept in the syntax for
backward compatibility. Only value true can-bevaccepted

Restrictions

e The SV control block name shall be unique within the LLNO, i.e. within the LDevice.
e The confRev attribute is mandatory for:the SV control block

e The datSet attribute must contain a\valid data set reference, or be missing completely.
The referenced data set shall reside in LLNO, like the control block.

e The confRev value 0 is only.allowed for newly created control blocks without data set
reference. For any change ©f the data set structure or the data set reference, inclusive
removal of this, confRev shall be incremented.

The following SCL extract-shows the definition of an SV control block, which refers to data set
smyv. This data set defines the data contents of the SV message:

<SampledValueCgntrol name="Volt" datSet="smv" smvID="E1Q1BI2" smpRate="80" nofASDU="1"
multicast="true">
<SmvOpts sampleRate="true" refreshTime="true" />
</Sampled\/alueControl>

9.3.12 - Setting control block

TheNfoellowing defines the definition for a setting group control block (SGCB). Note that the
SGCB name, i.e. its name part within the LNO, is SGCB according to IEC 61850-7-2.
Therefore, only one SGCB is allowed per LNO.

<xs:complexType name="tSettingControl">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:attribute name="numOfSGs" use="required">
<xs:simpleType>
<xs:restriction base="xs:unsignedint">
<xs:minlnclusive value="1"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="actSG" use="optional" default="1">
<xs:simpleType>
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<xs:restriction base="xs:unsignedint">
<xs:mininclusive value="1"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="resvTms" type="xs:unsignedShort" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The attributes are identical to those of the setting group control block in IEC 61850-7-2.
The attributes of the setting control block element are defined in Table 32.

Table 32 — Attributes of the setting control block element

Attribute name Description
desc The description text
numOfSGs The number of setting groups available. The value shall be*>-0.
actSG The number of the setting group to be activated when’loading the configuration. The

default value is 1. Any SCL value shall be > 0.

resvims The time in seconds the SGCB stays reserved for.editing. After this time the IED
automatically closes an edit session, if the client’has not closed it or not confirmed any
changes (see IEC 61850-7-2). If this functi@mjis not supported, the attribute shall be
missing. The appropriate IED capability(Table 11) defines if a system tool can modify
any value supplied by the IED tool.

9.3.13 Binding to external signals

The input section element Inputs defines :all external signals, i.e. signals sent from other LNs
mostly on other IEDs, which are needed by the LN application to fulfill its function. The
section allows also the binding of the.signal to an IED internal address intAddr.

The ExtRef elements of Inputs.sections can principally be used for the following purposes:

1) Specifying expected(inputs (input templates) of logical devices or logical nodes from
the view of the IED_configuration tool. The intAddr attribute shall be set to a non empty
value. The pDQOimight specify the needed input CDC via a standardized DO name,
additional pDA)values might indicate the expected data type of an attribute and the
pLN might document the expected function providing the input. pServT might provide
the expected service type for this input value. These attribute values, if supplied by the
IED (configurator, shall not be modified by the system configurator. A system
configurator binding to these input templates must assure that the CDC specified by
pDO and, if given, the attribute (base) type specified by pDA are met. For a final
engineered data flow also the pServT, if given, shall be met by the serviceType value.

2) Specifying expected external signal inputs to a logical device or logical node from the
system engineer (system configuration tool) view. Beneath the external reference in
this case the serviceType might be set The intAddr attribute all source cantral block

related attributes and all pXX attributes are missing.

3) Documenting the actual incoming signals to an IED / logical device / logical node
based on the configured data flow. In this case beneath the reference to the source
control block also the service type is given.

4) Documenting the binding of incoming external signals to IED internal addresses for
those signals actually used by the IED. Here the intAddr value after binding of the
external signal is also specified.

The engineering process allows IED tools that need the system configuration tool to perform a
binding of predefined IED input signals to an external signal source. In this case the IED must
have the attribute nolctBinding of the ClientServices capability element set to ‘true’.
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IED tools that are not restricted here (nolctBinding = ‘false’) may also provide predefined IED
input signal templates, but must accept also unbound external signals for binding by the IED
tool.

Some example use cases can be found in Annex H.

<xs:complexType name="tInputs">
<xs:complexContent>

AD.UAtUI ID;UI 1 'uaac—"tU| Ir‘{lal 1 I;I Iy"
<xs:sequence>
<xs:element name="ExtRef" type="tExtRef" maxOccurs="unbounded"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>

Each ExtRef element references one external item, either at DO or at DA levelVIf intAddr is
needed, it has to be used appropriately to this level. This means that for a\DO level usage it
might contain a mapping of several attributes.

<xs:complexType name="tExtRef">
<xs:attributeGroup ref="scl:agDesc"/>
<xs:attribute name="iedName" type="tIEDNameOrRelative" use="optional"/>
<xs:attribute name="IdInst" type="tLDInst" use="optional"/>
<xs:attribute name="prefix" type="tPrefix" use="optional"/>
<xs:attribute name="InClass" type="tLNClassEnum" use="optional"/>
<xs:attribute name="InInst" type="tLNInst" use="optional"/>
<xs:attribute name="doName" type="tFullDOName" use=’optional"/>
<xs:attribute name="daName" type="tFullAttributeNarme™ use="optional"/>
<xs:attribute name="intAddr" type="xs:normalizedStfing" use="optional"/>
<xs:attribute name="serviceType" type="tServicelype" use="optional"/>
<xs:attribute name="srcLDInst" type="tLDInst') use="optional"/>
<xs:attribute name="srcPrefix" type="tPrefix!' ise="optional"/>
<xs:attribute name="srcLNClass" type="tkNClassEnum" use="optional"/>
<xs:attribute name="srcLNInst" type=/tLNInst" use="optional"/>
<xs:attribute name="srcCBName" tyjppe="tCBName" use="optional"/>
<xs:attribute name="pServT" type="tServiceType" use="optional"/>
<xs:attribute name="pLN" type="tLNClassEnum" use="optional"/>
<xs:attribute name="pDQO" type="tFullDOName" use="optional"/>
<xs:attribute name="pDA"_ype="tFullAttributeName" use="optional"/>
</xs:complexType>

The attributes shown-in*Table 33 are used.
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Table 33 — Attributes of the Input/ExtRef element
Attribute name Description

iedName The name of the IED from where the input comes. For IED internal references the
value @ may be used.

IdInst The LD instance name from where the input comes.

prefix The LN prefix

InClass The LN class according to IEC 61850-7-x. Used to indicate the InClass of the concrete
binding part within a SCD.

InInst The instance id of this LN instance of above LN class in the IED; missing for a
reference in LLNO. For backwards compatibility also the empty string shall be aceépted
for LLNO.

doName A name identifying the DO (within the LN).In case of structured DO, the name parts are
concatenated by dots (.).Used to indicate the DO (within the LN) of the~eoncrete
binding part within a SCD.

daName The attribute designating the input. The IED tool should use an empty value if it has
some default binding (intAddr) for all process input attributes ofa DO (fc = ST or MX),
especially for t and q. If the attribute belongs to a data type(structure, then the
structure name parts shall be separated by dots (.)

intAddr The internal address to which the input is bound. Onlg-th€ IED tool of the concerned
IED shall use the value. All other tools shall presepvesit'unchanged.

desc A free description / text. Can e.g. be used at system engineering time to tell the IED
engineer the purpose of this incoming data

serviceType Optional, values: Poll, Report, GOOSE, 8MV; Used to indicate the used service if the
data flow is configured.

srcLDInst The LD inst of the source control block — if missing, same as IdInst above

srcPrefix The prefix of the LN instance,dwhere the source control block resides; if missing, no
prefix

srcLNClass The LN class of the LN,swhere the source control block resides; if missing, LLNO

srcLNInst The LN instance number of the LN where the source control block resides — if missing,
no instance numberPexists (LLNO)

srcCBName The source CB name; if missing, then all other srcXX attributes shall also be missing,
i.e. no source control block is given. Shall be supplied if derived from configured data
flow.

pDO a preconfigured DO name to indicate an expected DO name and CDC. Any binding
must'match the CDC.

pLN a-preconfigured LN class indicating an expected LN class containing the DO indicated
by pDO

pDA a preconfigured data attribute indicating the expected attribute. If configured, any
bound attribute must match the data type specified by specified pDO CDC and pDA
attribute value

pServT a preconfigured service type indicating an expected service type. if configured,
serviceType must match its value.

If-attribute intAddr is specified and iedName as well as IdInst are missing, this allows an IED
configuration tool to specify the available internal addresses for later binding to external

references. In this case any values at pDO and possibly pDA allow to specify the CDC
respective attribute type expected for this intAddr. Together with InClass this allows to specify
a functionally expected input. The desc attribute allows to give it additional informal meaning,
the serviceType attribute the intended service quality. If at least the pDO attribute is specified,
then a missing pDA attribute includes at least all the operational value attribute(s) of the DO,
i.e. stVal, mag, t, q etc. It might allow binding of additional attributes supported by the service
type. In this case, intAddr can also specify the addresses of all operational attributes in some
IED tool specific way. So, both usages are supported additionally to a full link specification:
intAddr with missing iedName and IdInst e.g. within an ICD or IID file, or only an external
reference by means of iedName/ldInst/prefix/InClass/Ininst but without intAddr coming from an
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SCD file. The desc attribute can be used to indicate the purpose of this link, dependent on the
usage above.

The system configuration tool can create and remove ExtRef definitions without intAddr value
and bind external references to an intAddr supplied via an ExtRef template from the IED tool,
or remove the binding from it. It is not allowed to change intAddr values or values of the pXxx
attributes, nor is it allowed to remove ExtRefs with a defined intAddr. The IED tool can bind
external references to internal addresses, and supply templates with intAddr values, which

should contain at least additionally the pDO to indicate the expected CDC of an external
signal. Some use cases are described in Annex H.

If the same input data can be received by the IED by different communication services’(for
example by report and by GOOSE), it is up to the project engineer or the IED respective its
tool implementation to decide which one shall be taken, except an IED supplied ExtRef
template exists which specifies already the needed serviceType. Any decisjon can be
documented by means of the srcXX attributes, which allow to define the source control block
for this input data. If serviceType is set to Poll, then no source control~block shall be
specified; this means that the client shall / will poll the input data by means of read requests.

Observe that the serviceType as well as the srcXx attributes are syntactically optional. For an
SCD with completed data flow engineering they shall be supplied-consistently with the data
flow configured at the source.

Table 51 summarizes the usage of ExtRef attributes for th€.above defined purposes.

Table 51 — Usage of ExtRef attributes’in different use cases

ExtRef attributes Purpose use cases
ICD/IID - expected SSb’- SCD - SCD - ICD/IID/SCD
input of logical specifying Documenting the Documenting the
nodes (input expected actual incoming binding of
template) external signal signals incoming external
signals
iedName na M M M
IdInst na M M M
prefix na MD MD MD
InClass na M M M
InInst na MD MD MD
doName na M M M
daName na (e} (¢} M
intAddr M na C M
pLN (0] na C C
pDO M — indirect na C C
specification of
expected type on
s niionin
receptionin
combination with
optional pDA
pDA O — in combination na C C
with pDO indirect
specification of
expected basic type
on reception
pServT O - in combination na C C
with pDO specification
of expected service
type
desc M o (0] M
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ExtRef attributes Purpose use cases
ICD/IID - expected SSD - SCD - SCD - ICD/IID/SCD
input of logical specifying Documenting the Documenting the
nodes (input expected actual incoming binding of
template) external signal signals incoming external
signals
serviceType na (0] M M
srclDInst na na MCD MCD
srcPrefix na na MCD MCD
srcLNClass na na MCD MCD
srcLNInst na na MCD MCD
srcCBName na na MC MC
na not applicable.
MD Mandatory; can be missing if default applies.
MC Mandatory, if the serviceType value is NOT ‘Poll’.
MCD Mandatory if srcCBName is given and the default does not apply.
C after SCT binding as supplied in ICD/IID file, else missing (na).
0} Optional
M Mandatory.

The Inputs / ExtRef feature could also be used<io describe the IED internal signal
connections, i.e. the external reference is an IED intérnal signal. it is up to the IED tool if it
supports this option either as documentations or“even as manufacturer independent IED
internal engineering feature. If such a binding is used, the ExtRef.serviceType shall be
missing.

9.3.14 Associations

<xs:complexType name="tAccessControl" mixed="true">
<xs:complexContent mixed="true">
<xs:extension base="tAnyCaftentFromOtherNamespace"/>
</xs:complexContent>
</xs:complexType>

An access control definition. Meaning and eventual refinement of the definition are stack
(SCSM)-specific issues.

Each association definition defines one pre-configured association between this server and a
client logical_node. Two kinds of pre-configuration are possible. Predefined means that this
associationvis defined, but not yet opened, the client has to open it. Pre-established means
that thé/association is defined and considered to be open directly after IED start up.

<xsicomplexType name="tAssociation">
<xs:attribute name="kind" type="tAssociationKindEnum" use="required"/>
<xs:attribute name="associationID" type="tName” use="optional" />

<xs-attributeGroup Tef="agtNRef'/>
</xs:complexType>

The attributes shown in Table 34 are used.
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Table 34 — Attributes of the association element
Attribute name Description
kind The kind of pre-configured association, pre-established or predefined
associationID The identification of a pre-configured association (otherwise missing)
iedName The reference identifying the IED on which the client resides
!dI:".:t The referance-to-tha-client Inginal device
InClass The class of the client LN
prefix The LN prefix
InInst The instance number of the client LN

An empty association Id as given by the default value means that the associatien/ld is not yet
defined. For a completed SCL file and a pre-established association, the association Id shall
be set, so that the client LNs and the server can verify it correctly. The same client may use
the same association to different LNs on the same server. Uniquenessrequirements as well
as value range of the association Id (for example a 32 bit integer, unique at the server, or at
server IED and client Id, or system wide) are set up in the SCSMs.

Restrictions

e The association ID shall be unique within the Server;

e The length of the association ID shall be at least gne.
9.4 Communication system description
9.4.1 General

This clause describes the direct communication connection possibilities between logical
nodes by means of logical busses (SubNetworks) and IED access points. The IED sections
already describe which LDs and *LNs are reachable across a certain access point. The
communication section now describes which IED access points are connected to a common
subnetwork. This is done in a way that reflects the hierarchical name structure within the IED,
which is based on IED relative 'hames for access points, LDs and LNs.

The UML diagram shawnvin Figure 22 gives an overview of the Communication section.



https://iecnorm.com/api/?name=6ec872c88e2a7706734421d0a48fb6ef

IEC 61850-6:2009+AMD1:2018 CSV -111 -
© IEC 2018

dass Communication ./

tDurationlnMillis ec

e 0.1 0.1

N +MinTime +MaxTime
tCommunication
+CSE EGSE
0.*
+SubNetwork 1.* tUnNaming
tUnNfami
tNaming tConnectedAP 1SMV g
+ConnectedAP tControlBlgck
tSubNetwork g+ apName ‘tAccessPointName - 0;"‘ tSMV I dB
1755 . } - # (chName amg
+ type :xs:normalizedString [0..1] ZAllAme SR e LN dinst - tLDInkt
+ redProt tRedProtEnum )
0.1 01
+BtRate 0.1 +Phy sConn +Address
tBitRatel nM bPerSec]| tUnNaming thddress +Address
tPhysConn xs:normalizedString —_F
+ type :tPhysConnTy peEnum tPAddr
+P 0. +Py 1
tP_PhysConn 1P
+ type tPFTypePhysConnEnum + Type PTypeEnum

Figure 22 — UML diagram overview of the Communication section

The formal XML schema definition is as follows:

<xs:element name="Communication" typez*t€ommunication">
<xs:unique name="uniqueSubNetwaork®>
<xs:selector xpath="./scl:SubNé&twork"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>

<xs:complexType name="tCommunication">
<xs:complexContént>
<xs:extension base="tUnNaming">
<xsiseguence>
<xs:element name="SubNetwork" type="tSubNetwork" maxOccurs="unbounded"/>
</Xs:sequence>
</xs extension>
</xs.complexContent>
</xs:complexType>

The Communication section might optionally contain Text and Private sections (derivation
from tUnNaming). The names of the SubNetworks shall be unique.

9.4.2 Subnetwork definition

A SubNetwork definition contains all access points which can (logically) communicate with the
SubNetwork protocol and without the intervening router. Observe that a subnetwork defines a
logical connection with a certain protocol. Different subnetworks with different protocols might
run on the same physical communication network.

<xs:complexType name="tSubNetwork">
<xs:complexContent>
<xs:extension base="tNaming">
<xs:sequence>
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<xs:element name="BitRate" type="t{BitRateInMbPerSec" minOccurs="0"/>
<xs:element name="ConnectedAP" type="tConnectedAP" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="type" type="xs:normalizedString" use="optional">
<xs:annotation>
<xs:documentation xml:lang="en">The bus protocol types are defined in IEC 61850 Part 8 and
9</xs:documentation>
</xs:annotation>
</xs:attribute>
Ixs:extension>

</xs:complexContent>
</xs:complexType>

The attributes of a Subnetwork are defined as shown in Table 35.

Table 35 — Attributes of the Subnetwork element

Attribute Description
name A name identifying this bus; unique within this SCL file
desc Some descriptive text to this SubNetwork
type The SubNetwork protocol type; protocol types are defined\by the SCSMs. In the
examples, 8-MMS is used for the protocol defined in |[EC|61850-8-1; IP should be used
for all IP based protocols except those explicitly standardized. PHYSICAL should be
used, if only physical connections shall be modeled,ye.g. at a hub.

Protocol types are defined in the stack mappings (SCSM), IEC 61850-8-1 and IEC 61850-9-2
for this standard series. Those of IEC 61850-8-1 start with “8-“ and those of IEC 61850-9-2
with “9-“ (except if they are identical). The protocol of IEC 61850-8-1 is for example 8-MMS,
and |IEC 61850-9-2 uses the same protocol. Additionally, the type IP is predefined for all IP
based protocols except those specifically standardized, to allow unique IP address checking
across all protocols (subnetworks) on the same’ (physical) network. Although the type attribute
is syntactically optional, it shall be used inside an SCD file.

The Subnetwork contains an optionalBitRate element defining the bit rate in Mbit/s, and a list
of IED access points by which these"IEDs are connected to a SubNetwork with access points.
It inherits Private and Text elements from tUnNaming.

<xs:complexType name="tConnectedAP">
<xs:complexContent>
<xs:extension basez"tUnNaming">
<xs:sequenee=x,
<xs:element name="Address" type="tAddress" minOccurs="0"/>
<xs.element name="GSE" type="tGSE" minOccurs="0" maxOccurs="unbounded"/>
<xsielement name="SMV" type="tSMV" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="PhysConn" minOccurs="0" maxOccurs="unbounded">
<xs:complexType>
<xs:complexContent>
<xs:extension base="tPhysConn">
<xs:attribute name="type" type="scl:tPhysConnTypeEnum" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:unigue name="uniquePTypelnPhysConn">

Lo

)\b.bUiUbtUl )\pd“l—“.l’bbl.l’ I
<xs:field xpath="@type"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="iedName" type="tIEDName" use="required"/>
<xs:attribute name="apName" type="tAccessPointName" use="required"/>
<xs:attribute name="redProt" type="scl:tRedProtEnum" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The ConnectedAP is the IED access point connected to this SubNetwork.
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It has the attributes shown in Table 36.

Table 36 — Attributes of the ConnectedAP element

Attribute Description
iedName a name identifying the IED
apName a name identifying this access point within the IED
desc some descriptive text for this access point at this subnetwork
redProt The redundancy protocol used at this access point: allowed values are hsr, prp. rstp;
none; no default value, i.e. value is not known if the attribute is missing. The allowed
values are restricted by the IED capabilities (Services/RedProt).

For further restrictions see IEC 61850-7-2:2003, Table 1.

Each connected access point optionally has one server-related address, and additional
address information for real time communication-related control blocks~such as GSE control
and SMV control. If all three are missing, it describes only the-'Subnetwork connection
topology, for example for communication performance studies. For-a ¢complete SCD file, either
the server address or at least one control block address shall/be specified. Further each
ConnectedAP element shall reference an IED access point existing in the IED section.

The optional element PhysConn describes one or more physical connections to this access
point.

9.4.3 Address definition

The Address element contains the address¢parameters of this access point at this bus for at
least one parameter. The different parameters are defined within the contained P elements.
The type attribute of P identifies the méaning of the value. The meaning of the P parameters
depend on the subnetwork protocol type and therefore has to be specified in the appropriate
SCSM. Those used for IEC 61850-8-1 and I|EC 61850-9-2 are contained in the type
enumeration type tPTypeEnum. Eor an explanation, see the appropriate standard parts.

<xs:complexType name="tAddress"*>
<xs:sequence>
<xs:element name=!R" type="tP" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>

The access point.address shall be filled with a unique value at least for server type access
points to get a.cemplete SCD description.

<xs:complexType name="tP">
<xStsimpleContent>
<xs:extension base="tPAddr">
<xs:attribute name="type" type="tPTypeEnum" use="required"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>

tPAddr is a (non-empty) string containing no special characters such as LF, CR, or Tab. The
pre-defined values for tPTypeEnum are as defined in IEC 61850-8-1. Custom-defined address
types are also allowed (see below).

In order to be able to provide better validation of the address content by an XML parser, tP
has been restricted (in the XML Schema sense) for each of these pre-defined address types.
These type restrictions are named “tP_" followed by the address type as in tPTypeEnum. To
use these restrictions, the xsi:type attribute must be given in the P element. Thus, there are
two ways to provide such an address. For instance, for an IP address, both of the following
formulations are equivalent from a syntactical and semantical point of view:
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<P type="IP">10.0.0.11</P>
<P type="IP" xsi:type="tP_IP">10.0.0.11</P>
The advantage of the second, which uses the restriction type of tP, is that the address value
(here “10.0.0.11”) can also be validated by an XML parser. Using the first formulation, an
address value of “abc” would be considered as perfectly valid, while the second formulation
expects a value of the form “ddd.ddd.ddd.ddd”, where each d corresponds to a digit.

Even if the restricted type is used, the (correct) address type must be specified

Restrictions

e Extensions of the P type enumeration type tPTypeEnum shall start with a capitahJetter,
and contain only alphanumeric characters and dashes(-),

9.4.4 GSE address definition

All control block address information is based on the abstract tControlBlock>type. It provides
the Address element for stating the control block-related address parfameters, and the
reference to the control block within the IED by means of the Idinst dnd”cbName attributes.
Since GSE as well as SMV control blocks shall be located within LLNO-this is sufficient.

<xs:complexType name="tControlBlock" abstract="true">
<xs:annotation>
<xs:documentation xml:lang="en">A control block within a Logical Device (in LLNO).</xs:documentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>
<xs:element name="Address" type="tAddress" ' minOccurs="0"/>
</xs:sequence>
<xs:attribute name="ldInst" type="tLDInst"d5e="required"/>
<xs:attribute name="cbName" type="tCBName" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The GSE element defines the address for a GSE control block in this IED.

<xs:complexType name="tGSE">
<xs:complexContent>
<xs:extension basez“tControlBlock">
<xs:sequence>
<xs:element name="MinTime" type="tDurationInMilliSec" minOccurs="0"/>
<xs:element name="MaxTime" type="tDurationInMilliSec" minOccurs="0"/>
</xsisequence>
</xs:€xtension>
</xs:cdmpléxContent>
</xs:complexType>

The\attributes have the following meaning as shown in Table 37.

Table 37 — Attributes of the GSE element

Attribute Description
desc Textual description
IdInst The instance identification of the LD within this IED, on which the control block is located. An

LN is not necessary, as these control blocks are only in LLNO.

cbName The name of the control block within the LLNO of the LD IdInst.

The Address element contains the GSE address parameters in the same syntax as the server
address. The appropriate P type values are defined in the appropriate SCSMs.
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The Mintime and Maxtime elements specify the following times:
Mintime the sending delay on a data change between the first immediate sending
of the change and the first repetition in ms.

Maxtime the source supervision time in ms (supervision heartbeat cycle time).
Within this time, a failed message from the source shall be detected by
the subscriber.

Mintime and Maxtime may influence SCSM parameters. Which parameters and how they are
influenced is defined in the appropriate SCSM.

9.4.5 SMV address definition

The SMV element defines the address for a sampled value control block, like the GSE
element does for the GSE control blocks. It is also based on the tControlBlock-,schema type,
and therefore has the same attributes as the GSE control block.

<xs:complexType name="tSMV">
<xs:complexContent>
<xs:extension base="tControlBlock"/>
</xs:complexContent>
</xs:complexType>

The attributes have the following meanings as shown in Table(38.

Table 38 — Attributes of ther SMV element

Attribute Description
desc Textual description.
IdInst The instance identification of the\¢(D within this IED, on which the control block is located. An
LN is not necessary, as these eontrol blocks are only in LLNO.
cbName The name of the control block within the LLNO of the LD IdInst.

The Address element contains the SMV address parameters in the same syntax as the server
address. The appropriate P type values are defined in the appropriate SCSMs.

9.4.6 Physical connection parameters

The element PhysConn defines the type(s) of physical connection for this access point. The
parameter values\depend on the type of physical connection, and their types (meaning) have
to be defined.in the stack mapping. Additional types may be introduced for documentation
purposes.

<xs:ComplexType name="tPhysConn">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>
<xs:element name="P" type="tP_PhysConn" minOccurs="0" maxOccurs="unbounded"/>
</xs'seqiience>

<xs:attribute name="type" type="tPhysConnTypeEnum" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tP_PhysConn">
<xs:simpleContent>
<xs:extension base="tPAddr">
<xs:attribute name="type" type="tPTypePhysConnEnum" use="required"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
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The type attribute specifies the type of physical connection of this access point to the bus,
while the value then specifies the instance of this type (for example type="Plug”, value is
“ST”). The PhysConn type Connection defines a first physical connection, while the type
RedConn can identify an additional physically redundant connection at the same access point,
e.g. for redundancy protocol types PRP and HSR. Allowed types and values shall be defined
in the stack mapping. The P element can be repeated with other types, if one value is not
sufficient. For the physical connections defined in I|EC 61850-8-1, the types and
corresponding values as shown in Table 39 shall be used.

Table 39 — PhysConn P-Type definitions

PhysConn type P type Recommended values (IEC 61850-8-1-related)
Connection, Type 10BaseT, 100BaseT etc. for electrical connesction
RedConn FOC for optical connection

Radio for radio connection, for example,WLAN

Plug RJ45 for electrical plug
ST for bajonet plug (optical gtass)

Cable The identification of a physieal cable for this
connection, which connects this connection point to
another connection point

Port The identification.of'a port or terminal at this access
point to whichla eable is connected (see connection
point above)©r may be connected

Restrictions

e The PhysConn type values as well as its-P parameter type values shall start with a capital
letter, and contain only alphanumeric characters.

e The P parameter type values shall bejdnique within each PhysConn element.

e Only one PhysConn type RedConn is allowed per access point, i.e. only one physically
redundant connection; and if it is there, only one PhysConn type Connection is allowed,
which belongs to it.

9.4.7 Communication section example

The following SCL part:shows a communication section with one subnetwork W01, to which
two IEDs are connected with their access points S1. The protocol type 8-MMS specifies a
protocol as defined-in IEC 61850-8-1 and IEC 61850-9-2. The PhysConn and address types
are just examples. One IED also contains a GSE control block with an address, however
without theqMaxTime and MinTime elements, which are optional. Another IED contains a
sampled value control block.

<Communication>
<SubNetwork name="W01" type="8-MMS">
<Text>Station bus</Text>
<BitRate unit="b/s">10</BitRate>
<ConnectedAP iedName="D1Q1SB4" apName="S1">

<Address>
<P type="IP">10.0.0.11</P>
<P type="IP-SUBNET">255.255.255.0</P>
<P type="IP-GATEWAY">10.0.0.101</P>
<P type="OSI-TSEL">00000001</P>
<P type="OSI-PSEL">01</P>
<P type="OSI-SSEL">01</P>
</Address>
<PhysConn type="Connection">
<P type="Type">FOC</P>
<P type="Plug">ST</P>
</PhysConn>
<SMV IdInst="C1" cbName="Volt">
<Address>
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<P type="MAC-Address">01-0C-CD-04-00-01</P>
<P type="APPID">4000</P>
<P type="VLAN-ID">123</P>
<P type="VLAN-PRIORITY">4</P>
</Address>
</SMV>
</ConnectedAP>
<ConnectedAP iedName="E1Q1SB1" apName="S1">

<Address>
P type="|P">1000Q 1</P>

<P type="IP-SUBNET">255.255.255.0</P>
<P type="IP-GATEWAY">10.0.0.101</P>
<P type="OSI-TSEL">00000001</P>
<P type="OSI-PSEL">01</P>
<P type="OSI-SSEL">01</P>
</Address>
<GSE IdInst="C1" cbName="Goose1">
<Address>
<P type="MAC-Address">01-0C-CD-01-00-01</P>
<P type="APPID">3000</P>
<P type="VLAN-PRIORITY">4</P>
</Address>
</GSE>
</ConnectedAP>
</SubNetwork>
</Communication>

9.5 Data type templates
9.5.1 General

This clause defines instantiable logical node types. A logical node type is an instantiable
template of the data of a logical node. The céontent of a logical node type shall follow the
definitions in IEC 61850-7-3 and IEC 61850-7*4xx and possible vendor-specific extensions
that shall follow the rules defined in JJEC 61850-7-1:2011, Clause 14. A LNodeType
(elsewhere also called LN type) is referenced each time that this type is or shall be
instantiated within an IED. A logical-node type template is built from data objects (DO)
elements, which again have a DQO<{type, which is derived from the DATA classes (CDC)
defined in IEC 61850-7-3. DOs or.better DOType’s consist of attributes (DA) or of elements of
already defined DO types (SDO©). The attribute (DA) has a functional constraint, and can
either have a basic type, be_an enumeration, or a structure of a DAType. The DAType is built
from BDA elements, defining the structure elements, which again can be BDA elements or
have a base type such as-a DA. An SCT may be required to change the id of an LnodeType,
DOType, DAType or,EnumType but it is not allowed to change the underlying structure.

All types are uniquely identified by their type id. On generation of the system SCD file from
IED ICD files)the LN type identifications may have to change to keep uniqueness across all
IED definitions. To keep possible semantic information of the type names, it is recommended
to generate*a new LN type name by concatenating the IED name (which shall be unique within
the file){with the old LNodeType name (which shall be unique at least per IED). If a LN type is
generally valid for several IEDs of different type, then the iedType attribute shall be defined
as an empty string. If it is important to keep the relation of the LNodeType to the IED type,
then iedType should be set to the same value as the IED’s type attribute. Especially if an IED
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the IED type by setting the iedType attribute identical to the IED’s type attribute.

The order of DO elements within a LNodeType definition, and of SDO/DA elements (see
9.5.3) within a DOType definition shall also specify the order of data values within a message,
if this is not specified elsewhere, for example by explicit FCDA definitions in a data set down
to the attribute. The order in the LNodeType definition is the responsibility of the IED
configurator tool, while the order in the data set is the responsibility of the system configurator
tool.



https://iecnorm.com/api/?name=6ec872c88e2a7706734421d0a48fb6ef

- 118 — IEC 61850-6:2009+AMD1:2018 CSV
© IEC 2018

The following UML figure (Figure 23) gives an overview of the DataTypeTemplate section of
the Schema.

dass Da[aTypeTemplates/
x s:normalizedString 1.% tEnumT ype tNamespaceN ame
R
tEnumVal Enumval tProtNs
+ desc :xsinormalizedString [0..1]1="" +Enun?:r-ﬂ - + type xsinormalizedString [0..1] ="8-MMST
+ ord :xsint P
+ProtN s o.* 0. +ProtN s
t BaseElement
tIDNaming
1DatalypeiEnEiiy + desc :xs:normaliz edString [0._1] =""
+ id :tName
1%
+LNodeType 1% 0.* ‘
tLNodeT ype +DOType tDOT ype :DAType 7l
+ iedType ‘tAnyName [0..1]="" + cdc :tCDCEnum N s
+ InClass :tLNClassEnum + iedType :tAnyName [0.1]="" M\ i e - =
+DA
+D0y 1.7 +5D0 4|y 0% 0% +EDAY /1%
tDO 1SDO DA tBDA
+ accessControl xs:normalizedString [0..1] + count tSDOCount [0..1] = 0| + dchg xs'bOelean [0..1] = false
+ name ‘tDataName + name ‘tSubDataName + dupd (:xs-boolean [0..1] = false
+ transient :xs:boolean [0..1] = false + type ‘tName + feCPCERum
+ type tName +, gehdy/xs:boolean [0..1] = false
tAbstractDataAttribute
rBaseHement + bType ‘tBasicTypeEnum -
tunNaming k + count ‘tDACount [0..1]=0 +#Vval xs:nonmakzed S
+ name :tAttributeNameEnum ——— = tval
+ desc xsinormalizedString [0..1] &) + sAddr :xs:normalizedString [0..1] 0.7 sGroup -xs:unsignedinf [0..1]
= S + type tAnyName [0..1] - i
+ wvalimport :xstboolean [0..1] =false
+ valKind :tValKindEnum [0..1] = Set
Figure-23 — UML overview of DataTypeTemplate section
All identifiers (XML attribute id) of all elements in the DataTypeTemplate section have a
maximum allowedength of 255 characters and are restricted to xs:token without blanks.
The XML «schema definition, inclusive defined restrictions within DataTypeTemplates, is as
follows:
<xs:élement name="DataTypeTemplates" type="tDataTypeTemplates">
<xs:unique name="uniqueLNodeType">
<xs:selector xpath="scl:LNodeType"/>
<xs:field xpath="@id"/>

</xs:unique>

<xs:key name="DOTypeKey">
<xs:selector xpath="scl:DOType"/>
<xs:field xpath="@id"/>

</xs:key>

<xs:keyref name="ref2DOType" refer="DOTypeKey">
<xs:selector xpath="scl:LNodeType/scl:DO"/>
<xs:field xpath="@type"/>

</xs:keyref>

<xs:keyref name="ref2DOTypeForSDQO" refer="DOTypeKey">
<xs:selector xpath="scl:DOType/scl:SDO"/>
<xs:field xpath="@type"/>

</xs:keyref>

<xs:key name="DATypeKey">
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<xs:selector xpath="scl:DAType"/>
<xs:field xpath="@id"/>

</xs:key>

<xs:key name="EnumTypeKey">
<xs:selector xpath="scl:EnumType"/>
<xs:field xpath="@id"/>

</xs:key>

<xs:complexType name="tDataTypeTemplates">
<YQ'QQ{‘III lence>

<xs:element name="LNodeType" type="tLNodeType" maxOccurs="unbounded">
<xs:unique name="uniqueDOInLNodeType">
<xs:selector xpath="scl:DO"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="DOType" type="tDOType" maxOccurs="unbounded">
<xs:unique name="uniqueDAorSDOInLDOType">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="DAType" type="tDAType" minOccurs="0" maxOccurs="upbeunded">
<xs:unique name="uniqueBDAINLDAType">
<xs:selector xpath="scl:BDA"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="EnumType" type="tEnumType" minOccurg="0" maxOccurs="unbounded">
<xs:uniqgue name="uniqueOrdInEnumType">
<xs:selector xpath="scl:EnumVal"/>
<xs:field xpath="@ord"/>
</xs:unique>
</xs:element>
</xs:sequence>
</xs:complexType>

In SCL, all types are contained in the ‘DataTypeTemplates section. As can be seen by the
schema part above, the type definitions’shown in Table 40 can appear there.

Table40 — Template definition elements

Element name of Template part Description

LNodeType An instantiable logical node type, as referenced from |IEDs and from the
Substation section

DOType An instantiable data object type; referenced from LNodeType or from the
SDO element of another DOType. Instantiable version based on the
CDC definitions from IEC 61850-7-3

DAType An instantiable structured attribute type; referenced from within a DA
element of a DOType, or from within another DAType for nested type
definitions. Based on the attribute structure definitions of IEC 61850-7-3

EnumType An enumeration type; referenced from the DA element of a DOType or
from a DAType, in case that the bType is Enum. The definitions shall
follow enumeration definitions from IEC 61850-7-3 and IEC 61850-7-4
as well as other domain standards.

9.5.2 LNodeType definitions

The LN type (LNodeType element) contains a list of data objects (DO), its attributes, and
possible default values for configuration parameters.

<xs:complexType name="tLNodeType">
<xs:complexContent>
<xs:extension base="tIDNaming">
<xs:sequence>
<xs:element name="DO" type="tDO" maxOccurs="unbounded"/>
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</xs:sequence>
<xs:attribute name="iedType" type="tAnyName" use="optional"/>
<xs:attribute name="InClass" type="tLNClassEnum" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
The attributes have the following meaning as shown in Table 41.
Table 41 — Attributes of the LNodeType element
Attribute Description
id A reference identifying this LN type within this SCL section; used by the LN attribute
LNType to reference this definition
desc An additional text describing this LN type
iedType The manufacturer IED type of the IED to which this LN type belongs — deprtecated
InClass The LN base class of this type as specified in IEC 61850-7-x; observe:that here an
enumeration exists, which allows extensions (names containing only)capital letters)

The DO element references the instantiable data type of this DO

<xs:complexType name="tDO">
<xs:annotation>
<xs:documentation xml:lang="en">See Section 9.5.1</xs:decumentation>
</xs:annotation>
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:attribute name="name" type="tRestrNamé1stU" use="required"/>
<xs:attribute name="type" type="tName" uges"required"/>
<xs:attribute name="accessControl" typ€="xs:normalizedString" use="optional"/>
<xs:attribute name="transient" type="xs:boolean" use="optional" default="false"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The DO attributes are used as:shown in Table 42.

Table 42 — Attributes of the DO element

Attribute Description
name The data object name as specified for example in IEC 61850-7-4
type The type references the id of a DOType definition
accessContral Access control definition for this DO. If it is missing, then any higher-level access
control definition applies
transiéent If set to true, it indicates that the Transient definition from IEC 61850-7-4 applies
desc Descriptive text for the DO element

9.5.3 DO type definition

The DOType element referenced by the type attribute of the LNodeType DO element has the
following syntax:

<xs:complexType name="tDOType">
<xs:complexContent>
<xs:extension base="tIDNaming">
<xs:choice minOccurs="0" maxOccurs="unbounded">
<xs:element name="SDO" type="tSDQO"/>
<xs:element name="DA" type="tDA"/>
</xs:choice>
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<xs:attribute name="iedType" type="tAnyName" use="optional"/>
<xs:attribute name="cdc" type="tCDCEnum" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The DOType identifies the contents of the DO. This can be either attributes (DA elements), or
the reference to another DOType (SDO element). Although in general the DOType definition

mighf he nmlnh/ eg for an SSD or an SED file jt shall contain at least one SDQ or DA

element for SCD and ICD files.
The attributes have the following meaning as shown in Table 43.

Table 43 — Attributes of the DOType element

Attribute Description
id The (SCL file global) identification of this DOType. Used to referencethis type.
iedType The type of the IED to which this DOType belongs. The empty-string respective a

missing attribute allows references for all IED types, or fronTthe Substation section
without IED identification.

cdc The basic CDC (Common Data Class) as defined in IEC-61850-7-3.

desc Description of this DOType

The SDO element then references another DOType definition.

Warning: recursive references are not allowed,/but'cannot be checked at syntax level!

<xs:simpleType name="tSDOCount">
<xs:union memberTypes="xs:unsignedinttRestrName1stL"/>
</xs:simpleType>

<xs:complexType name="tSDO">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:attribute namez"name" type="tRestrName1stL" use="required"/>
<xs:attribute name="type" type="tName" use="required"/>
<xs:attribute-n@ame="count" type="scl:tSDOCount" use="optional" default="0"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The attributes’of the SDO element are defined in Table 44.

Table 44 — Attributes of the SDO element

Attribute Description
name The SDO name
desc Descriptive text for the SDO
type References the DOType defining the contents of the SDO
count The number or reference to an attribute defining the number of array elements, if this
element has an ARRAY type. If missing, the default value is 0 (no array)

The attribute (DA) definition carries the handling attributes according to IEC 61850-7-3 as
defined in the appropriate tables. Each instantiable attribute shall be defined in the DO type
definition. Observe that a certain SCSM (for example IEC 61850-8-1) might define additional
mandatory attributes or SDOs. The DA syntax is described in 9.5.4.
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9.5.4 Data attribute (DA) definition
9.5.4.1 General

The DA element defines the attributes, their stack-related handling, and describes their
(default) values or specifies typical values for all instances.

The DA element has either a basic type, or again a reference to a structured attribute type

definition Tor example In the case of an attribute with a structure such as ScaledValueConiig.
If the DA is an array, then its count attribute gives the number of array elements or
respectively, references the attribute which contains it. IEC 61850-7-3 and for same
enumerations |IEC 61850-7-4 define the type of a certain attribute based on the CDC of, the
DO.

The value coding syntax in the Val element of the DA element then has to follow the XML
schema data type coding definitions for the IEC 61850-7 basic data types. The\type mapping
is as shown in Table 45.

Table 45 — Data type mapping

XML Schema (xs)

IEC 61850-7-x basic type Value representation

data type

INT8, INT16, INT24, INT32, integer An integer number, na_decimal fraction (99999)

INT64

INT8U, INT16U, INT32U

FLOAT32, FLOAT64 double A number with” or without a decimal fraction (+999.99999), or
with an exponent (+9.999999e+999)

BOOLEAN boolean false){true or 0, 1

ENUMERATED normalizedString The enumeration element names as defined in the EnumType
associated with the DA element as string values

OCTET STRING base64Binary Coding according to 6.8 of RFC 2045; observe that SCSMs
might define another representation for certain attributes or
properties

VISIBLE STRING normalizedString A character string without tabs, linefeeds and carriage return,
restricted to 8-bit characters (ISO/IEC 8859-1 characters limited
to UTF-8 single byte coding)

UNICODE STRING normalizedString A character string without tabs, linefeeds and carriage return.

All characters in an XML file are principally Unicode, for
example in UTF-8 coding

ObjectReference normalizedString The reference to an IEC 61850 object, as defined in IEC 61850-
7-2. Additionally IED internal references especially in ICD files
shall be stated as follows:
@ldInst/InName[.doName[.attributename]], i.e. the @ replaces
the IED name. Observe that the appropriate online values
always must be absolute names considering any IdName
values, i.e. the relative names are only allowed inside SCL.

Timtestamp (UTC time) dateTime Coding without time zone, e.g. 2007-12-31T721:01:12.345

Cufrency normalizedString See IEC 61850-7-3: values are coded according to 1ISO 4217 3-
character currency code

NOTE It is not intended to specify Quality values in an SCL file, as these only belong to live process data. The
same is true for EntrylD values.

The meaning of the value for an IED configurator can be different depending on the device
capabilities, the functional characteristic of the attribute, and the stage of the engineering
process. The DA attribute valKind allows the specification of this meaning. It is ignored for all
cases not specified in Table 46 (for example for the q and t attributes). The attributes valKind
and vallmport make no sense for DA elements with bType = “Struct” and shall then be ignored
by the tools.
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<xs:simpleType name="tValKindEnum">

<xs:restriction base="xs:Name">

<xs:enumeration value="Spec"/>
<xs:enumeration value="Conf"/>
<xs:enumeration value="RO"/>
<xs:enumeration value="Set"/>

</xs:restriction>

</xs:simpleType>

- 123 -

Table 46 — Attribute value kind (Valkind) meaning

Valkind value Functional constraints Engineering process Meaning
stage
Spec Non operational (CF, DC) Specification phase The wanted value determined at
specification phase typically in an
SSD file
Conf CF, DC, operational attribute IED template, after IED This value is not\isible online at
of a CDC used for settings, engineering the IED. ThedlED'is engineered
EX (attribute dataNs only) such that this{value is used
RO Operational process state IED template The default value for the attribute
attribute to be\used if the value is fix on the
IED
RO CF, DC, operational attribute IED template, after IED Read only value at an IED - can
of data used for settings configuration only be set at configuration time
Set CF, DC At/after IED configuration A determined setting value. The
value is/shall be set within the IED
Set Operational process values At/after IED configuration The default value for the
(except time and quality) (possibly RO, changed to operational attribute, e.g. for
Set) startup or simulation
Set Operational setting value At/afterJED configuration The setting value for the set point
(SP, SG for all data used as respectively parameter
setting)

This allows, for example, the definition of IED capabilities (which attributes are available,
which are read only), the default values an IED is delivered with (readable, changeable, or not
visible at all), or the setting values for operative (for example protection) parameters.

The additional attribute. vallmport allows to define if an IED / IED configurator can import
values modified by andther tool from an SCD file, even if valKind=RO or valKind=Conf. The
attribute vallmport makes no sense for DA elements with bType = “Struct” and shall then be
ignored by the tools.

The syntax(definition is as follows. It is based on an abstract type tAbstractDataAttribute
which is réused later in attribute structure definitions.

<xsreomplexType name="tDA">

<xs:complexContent>

<xs:extension base="tAbstractDataAttribute">

<Xs:sequence>

<xs:element name="ProtNs" type="tProtNs" minOccurs="0" maxOccurs="unbounded"/>

</xs:sequence>

<xs:attributeGroup ref="agDATrgOp"/>
<xs:attribute name="fc" type="tFCEnum" use="required"/>

</xs:extension>

</xs:complexContent>

</xs:complexType>

<xs:attributeGroup name="agDATrgOp">

<xs:attribute name="dchg" type="xs:boolean" use="optional" default="false"/>

<xs:attribute name="qchg" type="xs:boolean" use="optional" default="false"/>

<xs:attribute name="dupd" type="xs:boolean" use="optional" default="false"/>
</xs:attributeGroup>

<xs:complexType name="tAbstractDataAttribute" abstract="true">
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<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>

<xs:element name="Val" type="tVal" minOccurs="0" maxOccurs="unbounded"/>

</xs:sequence>

<xs:attribute name="name" type="tAttributeNameEnum" use="required"/>
<xs:attribute name="sAddr" type="xs:normalizedString" use="optional"/>
<xs:attribute name="bType" type="tBasicTypeEnum" use="required"/>

<xs:attribute name="type" type="tAnyName" use="optional"/>

<xs:attribute name="valKind" type="tValKindEnum" use="optional" default="Set"/>

bute-name=" mbort" tvne="xs-bhoolean" o="ontional' defauli="falsg"/>

<xs:attribute name="count" type="tDACount" use="optional" default="0"/>
</xs:extension>
</xs:complexContent>

</xs:complexType>

The attributes of the DA element are defined in Table 47.

Table 47 — Attributes of the DA element

Attribute Description
desc Some descriptive text for the attribute
name The attribute name; the type tAttributeNameEnum restricts’to the attribute names from
IEC 61850-7-3, plus new ones starting with lower case-etters
fc The functional constraint for this attribute; fc=SE.always also implies fc=SG; fc=SG means

that the values are visible, but not editable

dchg, qchg, dupd

Defines which trigger option is supported by, the attribute (value true means supported). One
of those allowed according to IEC61850,7-3"shall be chosen.

sAddr An optional short address of this attribute (see 9.5.4.3)

bType The basic type of the attribute, taken'from tBasicTypeEnum (see 9.5.4.2)

type Shall only be used if bType=Enum or bType = Struct to refer to the appropriate
enumeration type or DATypé\(attribute structure) definition

count Optional. Shall state thezhumber of array elements or reference the attribute stating this
number in case that'this attribute is an array. A referenced attribute shall exist in the same
type definition. The\default value 0 states that the attribute is no array.

valKind Determines how<he value shall be interpreted if any is given — see Table 46

vallmport if true, an_IED or IED configurator can import values modified by another tool from an SCD

file, even ifvalKind=RO or valKind=Conf. It is the responsibility of the IED configurator to
assure value consistency and value allowance even if vallmport is true.

The attributesSmame, fc, and bType shall always be defined. All instantiable attributes
contained within a DO shall be defined.

In case’that the DA element has a basic type and belongs to a specific stack mapping, it shall
contain ‘the ProtNS element, which defines the stack mapping(s) to which it belongs (see

9,5:5).

o542 Attrit basi

The basic types allowed are as follows:

<xs:simpleType name="tPredefinedBasicTypeEnum">
<xs:restriction base="xs:Name">

<xs:enumeration value="BOOLEAN"/>
<xs:enumeration value="INT8"/>
<xs:enumeration value="INT16"/>
<xs:enumeration value="INT24"/>
<xs:enumeration value="INT32"/>
<xs:enumeration value="INT64"/>
<xs:enumeration value="INT128"/>
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<xs:enumeration value="INT8U"/>
<xs:enumeration value="INT16U"/>
<xs:enumeration value="INT24U"/>
<xs:enumeration value="INT32U"/>
<xs:enumeration value="FLOAT32"/>
<xs:enumeration value="FLOAT64"/>
<xs:enumeration value="Enum"/>

<xs:enumeration value="Dbpos"/>
<xs:enumeration value="Tcmd"/>

<xs:enumeration value="Quality"/>
<xs:enumeration value="Timestamp"/>
<xs:enumeration value="VisString32"/>
<xs:enumeration value="VisString64"/>
<xs:enumeration value="VisString65"/>
<xs:enumeration value="VisString129"/>
<xs:enumeration value="VisString255"/>
<xs:enumeration value="Octet64"/>
<xs:enumeration value="Unicode255"/>
<xs:enumeration value="Struct"/>
<xs:enumeration value="EntryTime"/>
<xs:enumeration value="Check"/>
<xs:enumeration value="0bjRef"/>
<xs:enumeration value="Currency"/>
<xs:enumeration value="PhyComAddr"/>
<xs:enumeration value="TrgOps"/>
<xs:enumeration value="OptFlds"/>
<xs:enumeration value="SvOptFlds"/>
<xs:enumeration value="LogOptFlds"/>
<xs:enumeration value="EntryID"/>
<!1-- for 61850-8-1 Edition 2.1 -->
<xs:enumeration value="Octet6"/>
<xs:enumeration value="Octet16"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tBasicTypeEnum">
<xs:restriction base="tPredefinedBasicTypeEnum"/>
</xs:simpleType>

tPredefinedBasicTypeEnum contains the definitions as defined in IEC 61850-7-x. CODED
ENUMs are replaced by cencrete basic types Quality, Dbpos for double bit positions as used
in DPC and DPS, and Temd for tap changer commands used in BSC. Check is introduced for
the appropriate data attribute used in IEC 61850-8-1. Quality, Check, Dbpos and Tcmd remain
opaque (no values, required in SCL). Similarly PhyComAddr, SvOptFids, OptFlds, LogOptFlds
and TrgOps remain‘opaque, just for usage in the common data classes for service tracking.
For VisibleString; UnicodeString and OctetString length dependent (sub-)types are introduced.
VisString32(is for example a VisibleString of maximum length of 32 characters. ObjRef is
basically.asstring type, which contains the reference to another IEC 61850 object as defined in
IEC 61850-7-2, where the maximum allowed length is also specified.

NOTE 1 INT128 and INT24U exist only for backwards compatibility reasons, and are deprecated.

NOTE 2 In contrast to the 2003 version of this standard tPredefinedBasicTypeEnum no longer allows extensions

of the base types.

tPredefinedBasicTypeEnum will be used for the schema of this version. It should be kept in
mind when developing tools that, e.g. after extensions in other standards, also other types
according to tBasicTypeEnum should be syntactically accepted as input — and should be
handled e.g. with maylgnore or mustUnderstand rules.

The following example defines the stVal attribute of a DPC CDC without value, according to
IEC 61850-7-3:

<DA name="stVal" fc="ST" dchg="true" bType="Dbpos"/>
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9.5.4.3 Short addresses

The sAddr attribute allows the allocation of a short address to DO attributes. Short addresses
can be used within the communication to make them more efficient either in the
communication, or in the handling of messages at client or server. Furthermore, they can be
used as |IED internal identification for the attribute. To be able to use short addresses in the
communication,

bla & 1 H & [l il PN D dloot H
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e the IED must allow them.

The detailed syntax of a short address value depends on the stack if the stack (SGSM)
defines their usage, or else on the IED tool. SCL foresees a two level hierarchy fer“short
addresses used in communication:

1) the communication address of the IED/server/access point;

2) the short address of a data item at attribute level.

It is possible to use the short address instead of the (symbolic) IED communication address if
the short address is unique system-wide, and the stack (SCSM) allows’ this. Otherwise, the
short address value scope and syntax is private to the IED.

Tools which do not handle short addresses shall also preservé-imported contents in exported
SCL files.

9.5.4.4 Values

The optional value definition contains one value. The XML coding of the value is defined in
9.5.4.1 respective Table 45. For attributes with fe = SG, the sGroup attribute specifies to
which setting group this value belongs. There'may be a value for each defined setting group.
The meaning of the value in the engineering process is defined at the DA/DAI level by means
of the valKind attribute.

<xs:complexType name="tVal">
<xs:simpleContent>
<xs:extension base="xs:normalizedString">
<xs:attribute name="sGroup™ type="xs:unsignedint" use="optional"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>

Attribute description
sGroup the number of the setting group (if fc = “SG*) to which this value belongs.

The sGroup_value used within an IED should be checked against an existing setting group
definition. \'on this IED / LD, where the maximum allowed number is specified
(Setting€ontrol.numOfSGs). If the optional sGroup attribute is missing completely, then either
the concerned DATA attribute is in no setting group (fc # SG), or the data value applies to all
setting groups.

If the DA.bType value is Struct, the DA.type attribute references an attribute structure. These
structures are defined with DAType elements.

<xs:complexType name="tDAType">
<xs:complexContent>
<xs:extension base="tIDNaming">
<xs:sequence>
<xs:element name="BDA" type="tBDA" maxOccurs="unbounded"/>
<xs:element name="ProtNs" minOccurs="0" maxOccurs="unbounded">
<xs:complexType>
<xs:simpleContent>
<xs:extension base="xs:normalizedString">
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<xs:attribute name="type" use="optional" default="8-MMS">
<xs:simpleType>
<xs:restriction base="xs:normalizedString">
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:extension>
</xs:simpleContent>

</yf:'r‘nmlnIanylnn>
</xs:element>
</xs:sequence>
<xs:attribute name="iedType" type="tAnyName" use="optional" default=""/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

The DAType element contains a list of attributes with the BDA element. Theselattributes can
either have a basic type or refer to another attribute structure. The definitions*have to follow
IEC 61850-7-3 in structure, type and naming.

<xs:complexType name="tBDA">
<xs:complexContent>
<xs:extension base="tAbstractDataAttribute"/>
</xs:complexContent>
</xs:complexType>

The BDA element instantiates the tAbstractDataAttribute.”and has therefore the same
attributes.

The attributes of the BDA element are defined in Table 48.

Table 48 — Attributés)of the BDA element

Attribute Description

desc Some descriptive text fapthe attribute

name The attribute name; the type tAttributeEnum restricts to the attribute names from IEC 61850-
7-3, plus new ones starting with lower case letters

sAddr an optional short address of this BDA attribute

bType The basic{ype of the attribute, taken from tBasicTypeEnum

type Only.Used if bType= Enum or bType = Struct to refer to the appropriate enumeration type or
DAType definition

count Optional. Shall state the number of array elements in the case where the attribute is an
array

valKind Determines how the value shall be interpreted if any is given — see Table 46

Note\that the sAddr attribute might appear on several levels, starting with the DA element.
There are in principle two methods to handle this:

1) use only the lowest level value:

2) use values on all levels as a kind of hierarchical short address.

It is up to the SCSM, respectively the IED tool, to decide which method is used (see also
9.5.4.3).

For valKind only the lowest level value shall be used.

If the DA type definition belongs to a specific stack mapping like the Oper structure for the
Operate service as defined in IEC 61850-8-1, then the BDA list shall be followed by a ProtNS
element for each SCSM, which needs this specific DA type. The ProtNS element has a type
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attribute defining the protocol with default value 8-MMS for the mapping defined in IEC 61850-
8-1, and its contents defines the version of this mapping. An example ProtNs element for a
mapping according to the IEC 61850-8-1 version from 2003 follows here:

<ProtNs type="8-MMS">IEC 61850-8-1:2003</ProtNs>
9.5.6 Enumeration types

Enumerations are in general used in more than one LNodeType. Therefore, an enumeration

type definition 1s made for them.

<xs:complexType name="tEnumType">
<xs:complexContent>
<xs:extension base="tIDNaming">
<xs:sequence>
<xs:element name="EnumVal" type="tEnumVal" maxOccurs="unbounded"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>

Enumeration definitions within a SCD file are valid for all IEDs;. they are not IED type-
dependent. Enumeration definitions are given in parts 7-2, 7-3 and’ 7-4 and other domain
standards. Observe that these definitions may be enhanced. by new versions of these
standards. If private extensions of these enumerations are\-Used as allowed by these
standards, or private enumerations are defined, the name must indicate this appropriately, i.e.
none of the standard defined names should be usedThis is especially important for
extensions, because different manufacturers might, (use different extensions. It is also
important, if only a subrange of the enumeration valuéedset is supported. The supported subset
shall be indicated within an ICD file by an IED private enumeration type, where the
unsupported values are missing.

If the semantics of the same LN class. code and same data object name code for an
enumeration in another IEC name spacé,is redefined, then the enumeration type and its
values shall also be kept unchanged “(possibly with redefined semantics or with value
extensions).

The meaning of the attributes o0f¢the EnumType element is as shown in Table 49.

Table 49 — Attributes of the EnumType element

Attribute Description

id A’ name identifying this enumeration type; used by the type attribute of DA and BDA
elements to reference this definition in the case where the bType is Enum. The length is
restricted to 127 characters.

desc An additional text describing this LN type

Thevalues of the enumeration are defined as follows:

<xs:complexType name="tEnumVal">

<xs:simpleContent>
<xs:extension base="tEnumStringValue">
<xs:attribute name="ord" type="xs:int" use="required"/>
<xs:attributeGroup ref="agDesc"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>

<xs:simpleType name="tEnumStringValue">
<xs:restriction base="xs:normalizedString" >
<xs:maxLength value="127"/>
<xs:pattern value="[\p{IsBasicLatin}\p{IsLatin-1Supplement}]*"/>
</xs:restriction>
</xs:simpleType>
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The ord attribute contains the order of the values, with some exceptions explicitly defined in
IEC 61850-7-3 starting from 0 for enumerations from IEC 61850-7-3, and from 1 for
enumerations from IEC 61850-7-4. The value of type tEnumStringValue is the character string
as defined in IEC 61850-7-3 or IEC 61850-7-4. Any private definitions also shall be restricted
to 127 characters maximum length and a character set of Basic Latin or Latin-1 supplement.
The desc attribute allows descriptive text for the meaning of the value.

9.5.7 Data type template examples

Examples can be found in the DataType Template section of Clause D.2.

10 Tool and project engineering rights

This clause refers to Clause 5 concerning the engineering process, the definition\of roles of a
system configurator and an IED configurator within a system project, and\additionally a
communication interface-related data exchange at system level between different projects.
This clause defines the intended engineering responsibility areas in terms of the previously
defined SCL elements.

10.1 IED configurator

The task of the IED configurator is to create the ICD filepand to modify the data model,
parameter and configuration values either for a new ICD file ‘or a project specific IED instance
by means of an IID file. Both may contain preconfigured-data sets and control blocks, and
default addresses for an IED of this type. For an WD“file produced from an SCD file, the
already configured / used data sets and control blocKks shall remain unchanged against the
SCD file. Finally the IED configurator is responsijblefor binding incoming data from other IEDs
as defined within an imported SCD file to interhal signals, e.g. by means of the SCL Input
section, and for generating and loading the”lED instance specific configuration data, which a
CID file could be a part of.

How an ICD file is created depends.on‘the IED capabilities and the tool design. There is a big
range available from a fix ICD file for use in each project (the only possible adaptations are
the IED name or LD name and JED address), up to ICD file generation for a specific usage of
the IED e.g. for a project specific bay type after extensive preengineering by means of the
IED tool — see also Clause(? — or a preengineered project specific IED based on the current
state of the system (lID_ {file generated based on a SCD file). An ICD file shall indicate the
capabilities of a possibly,preengineered IED. Therefore any enumeration values which are not
supported by the IED shall be removed from the referenced enumeration types, and vendor or
even |ED type specific enumeration type names used. The full standardized enumeration
definition for configuration data and settings shall only be used

o for,the’enumerations of Sl units and multiplier

e Jf-all enumeration values are supported

o —if the data attribute supports only a single fix value (indicated by valKind="RO” &
vallmport="false”), and the value is supplied in the SCL file.

A hange—in—data—mo parameter—and—configuration—valves—shal—be—reflected—in
appropriate version indicators within the LNO NamPIt data object as values within the SCL file.
For predefined data sets and control blocks the version information has to be managed as
defined in IEC 61850-7-2 for the confRev parameter of the control blocks, and also contained

in the SCL file.

If an SCD file is imported, an IED tool may update the version and related value information
and change parameter and configuration values as well as binding external data to internal
signals. It may add new control blocks and data sets. It may modify preconfigured data sets
(i.e. those originally created by it) if these are not used by other IEDs in some configured data
flow. It is not allowed to modify data sets which are used by some other IED. The result is
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transferred back to the system configurator by means of an IID file. Only the following data
model changes are allowed (but not mandatory):
e addition of logical devices, logical nodes or DATA within logical nodes;

e removal of logical devices, logical nodes or DATA, which are not referenced by some
client / subscriber or bound to the primary system description (substation section).

Observe that both kinds of changes lead to new data model version identifications, which

have to be reimported by the system tool and might influence the reloading of other IEDs in
the system.

NOTE IED online change of data flow is described and defined in IEC 61850-7-2. Online changes of data models
on an IED outside SCL are outside the scope of this standard. To keep system consistency for those IEDs already
integrated into a system, they could either be prevented or follow the above offline engineering rules, especially
what concerns the provision of new data model revision information.

10.2 System configurator

The tasks of the system configurator are to create IED instancesCffom IED templates,
engineer the data flow between the IEDs, give addresses to them and_ bind the logical nodes
to the primary process. Therefore as well as instantiating IED gemplates, the system tool
handles the following SCL sections:

e Process / Line / Substation section, including referénces to logical nodes on IEDs
(9.2).

e Communication section including project specificiinstance addresses (9.4).
o Data sets and control blocks, as allowed by-the IED capabilities (9.3.7 and following).

e Allocation of data flow and report contrek block instances to clients, as allowed by the
IED capabilities (ClientLN element at)report control blocks, IEDName at other control
blocks).

e Creating IED input sections as_seen from system engineering point of view, however
without binding to IED internahsignals (9.3.13).

e Binding of input sections taED supplied input section templates.

e Reorganizing the DatalypeTemplate section (9.5) to keep the type identifiers unique
and the template seCtion short, however on condition, that the instance information is
unchanged when.the templates are expanded at IEDs to an instance. This concerns
not only the structures and type, but also the values and Private sections defined
within the types.

The system configurator shall increment the control block confRev values of all statically
defined data~sets on creation and modification as defined in IEC 61850-7-2. Further it defines
the project.identity by means of the SCD Header identification, and manages the SCD header
revisiomhistory.

Where a system configurator also changes configuration values and parameter values for an
IED, it has also to increment the appropriate paramRev and valRev attributes in the LNO
NamPIt as well as other LNs having appropriate NamPIt attributes. It is the responsibility of

the system engineer to clarify before such changes are made, whether the concerned IED
supports loading of this data via an SCD file.

10.3 Right transfer between projects

The right of data flow engineering can be formally transferred from one project to another
project by means of a SED file. The concerned IEDs are marked with the engRight attribute
value dataflow. To not lose already predefined references on these IEDs, all referenced IEDs
have also to be exported at least partly, i.e. just the LDs and data sets referenced, with
engRight=fix. If address coordination is an issue, also the access points of all IEDs with
defined addresses can be exported.
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Observe that also the appropriate part of the Process / Substation section and
Communication section shall be exported, however only as far as they contain references to
the exported IEDs, or shall be used by the other project. The primary part shall contain
topologically and equipment wise complete bays. The relation between exported IED’s logical
nodes and the primary equipment is fix for the receiving project, however it might add
references to its own IEDs into the Substation section, and shall add addresses of its own
IEDs into the Communication section.

The importing project can use all received information as needed (e.g. use one of the fix IEDs
as client / subscriber for its own IEDs, or add its own IEDs as clients / subscribers to provided
free control block instances). It has the following additional engineering rights (modification
rights) only on those IEDs exported with dataflow right:

e addition of data sets and control blocks as allowed by the IED capabilities.|Observe
that the IED owner is allowed to restrict these capabilities in the SED file;

e modification of data sets allocated purely to clients in the importing project
e adding of data set members to data sets allocated to clients in both jprojects.

e addition of data expected to be received from its own IEDs to~the Input sections of
imported IEDs.

e Binding of data sent from its own IEDs to input signal templates in imported IEDs.

When ready with engineering, the receiving project shall export again a SED file, containing
all imported IEDs plus those of its own project referenced by them after engineering either
with fix, or again with dataflow right. The exported ,SED file shall have the same Header
identification as the imported SED file, however with<increased revision index. An import of
this file gives the originally exporting project the full engineering right back. Observe that if
some |IED with dataflow right of the other project,is imported, that then again after engineering
finalization a SED file has to be exported back.)lt is up to the exporting project to decide if its
own IEDs are again exported with dataflow, engineering right to have another engineering
round, or just as fix to complete the data exchange.

Observe that IEDs exported as fix are'still under full control of the exporting project and might
be changed by it. If this happens, this is discovered online, at the latest, by discrepancies
between assumed and actual control block and data model revision information. However, it is
good engineering practice to notify the concerned project if this is noticed, e.g. by sending
another SED file.

IEDs exported as dataflow have to be set to fix in their own project, which should block any
changes. It is good, practice to export this state along with SCD files and other SED files to
other projects, <Fhis prohibits two different projects from adding data flow definitions to the
same |IED at-the same time.

Table 52\gives an overview about allowed actions for IEDs exported with fix or data flow
engineering rights.
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Table 52 — Allowed SCT engineering actions
Exported right: Fix Dataflow
Actions on imported/exported IED Exporting Importing Exporting Importing
project (right project project (right project
stays full) becomes Fix)
Add clients / subscribers to existing (free) X (conflict X Not allowed X
control blocks possible for for exported
reporting) RCBsT
Use as destination IED for own IEDs as X X X X
senders
Add data sets and control blocks as allowed | X X
by IED capabilities
Modify data sets (delete / rearrange FCDA) X (conflict only if all
possible) clients in
own project
Add FCDA to existing data sets X (conflict X
possible)
Add data to be received from own IEDs to X X
the Input sections of exported IEDs.
Bind data sent from own IEDs to input X X
signal templates of exported IEDs
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Annex A
(normative)

SCL syntax: XML schema definition

A.1 Base types

This Annex A contains the XML schema definitions for the SCL language. Observe that jn
case that faults need to be fixed new schema files will be provided by IEC as separate code
component.

File SCL_BaseSimpleTypes.xsd
<CODE BEGINS>

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema" xmlns="http://www.iec.ch/61850/2003/SCL"
targetNamespace="http://www.iec.ch/61850/2003/SCL" elementFormDefault="qualified" attributeFormDefault="unqualified"
version="2007B4">
<xs:annotation>
<xs:documentation xml:lang="en">
SCL schema version "2007" revision "B" release 4, for IEC 61850-6 Ed. 21

COPYRIGHT (c) IEC, 2016 All rights reserved. Disclaimer: The IEC disclaims liability for any personal injury,
property or other damages of any nature whatsoever, whether special, indirect, ‘ednsequential or compensatory, directly or
indirectly resulting from this software and the document upon which its methods are based, use of, or reliance upon.

</xs:documentation>
</xs:annotation>
<xs:simpleType name="tConnectivityNodeReference">
<xs:restriction base="xs:normalizedString">
<xs:pattern value=".+/.+(/.+)*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tAnyName">
<xs:restriction base="xs:normalizedString*/>
</xs:simpleType>
<xs:simpleType name="tName">
<xs:restriction base="tAnyName">
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tID!>
<xs:restriction basg="xs:token">

<xs:minLength Value="1"/>

<xs:maxLength value="255"/>

<xs:pattern‘value="\S+"/>

</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tAcsiName">
<xs:restriction base="xs:Name">
<xs:pattern value="[A-Za-z][0-9A-Za-z_]*"/>
</xs:restriction>
K /xs:simpleType>
<xs:simpleType name="tRestrName1stU">

<xs:pattern value="[A-Z][0-9A-Za-z]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tRestrName1stL">
<xs:restriction base="xs:Name">
<xs:pattern value="[a-z][0-9A-Za-z]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPAddr">
<xs:restriction base="xs:normalizedString">
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>
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<xs:restriction base="tName">
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<xs:simpleType name="tScIRelease" >

<xs:restriction base="xs:unsignedByte">
<xs:minExclusive value="0"/>
</xs:restriction>

</xs:simpleType>
<xs:simpleType name="tEmpty">

<xs:restriction base="xs:normalizedString">
<xs:maxLength value="0"/>
</xs:restriction>

</xs:simpleType>
<xs:simpleType name="tIEDName">

<xs:restriction base="tAcsiName">
<xs:maxLength value="64"/>
<xs:pattern value="[A-Za-z][0-9A-Za-z_1{0,2}"/>
<xs:pattern value="[A-Za-z][0-9A-Za-z_1{4,63}"/>
<xs:pattern value="[A-MO-Za-z][0-9A-Za-z_1{3}"/>
<xs:pattern value="N[0-9A-Za-np-z_][0-9A-Za-z_]{2}"/>
<xs:pattern value="No[0-9A-Za-mo-z_][0-9A-Za-z_]"/>
<xs:pattern value="Non[0-9A-Za-df-z_]"/>
</xs:restriction>

</xs:simpleType>
<xs:simpleType name="tIEDNamelIsNone">

<xs:restriction base="tAcsiName">
<xs:pattern value="None"/>
</xs:restriction>

</xs:simpleType>
<xs:simpleType name="tIEDNameOrNone">

<xs:union memberTypes="tIEDName tIEDNameIsNone"/>

</xs:simpleType>
<xs:simpleType name="tOnlyRelativeIEDName">

<xs:restriction base="xs:normalizedString">
<xs:pattern value="&#x0040;"/>
</xs:restriction>

</xs:simpleType>
<xs:simpleType name="tIEDNameOrRelative">

<xs:union memberTypes="tIEDName tOnlyRelativeIEDName"/>

</xs:simpleType>
<xs:simpleType name="tLDName">

<xs:restriction base="xs:normalizedString">
<xs:maxLength value="64"/>
<xs:patternivalue="[A-Za-z][0-9A-Za-z_]*"/>
</xs:restriction>

</xs:simpleType>
<xs:simpleType name="tLDInst">

<xs:restriction base="xs:normalizedString">
<xs:maxLength value="64"/>
<xs:pattern value="[A-Za-z0-9][0-9A-Za-z_]*"/>
</xs:restriction>

</xs:simpleType>

(yc-cimpIpT\/pp name="tl nTncfﬂrFmph,/" >

<xs:union memberTypes="tLDInst tEmpty"/>

</xs:simpleType>
<xs:simpleType name="tPrefix">

<xs:restriction base="xs:normalizedString">
<xs:maxLength value="11"/>
<xs:pattern value="[A-Za-z][0-9A-Za-z_]*"/>
<xs:pattern value=""/>

</xs:restriction>

</xs:simpleType>
<xs:simpleType name="tLNInst">

<xs:restriction base="xs:normalizedString">
<xs:pattern value="[0-91{1,12}"/>
</xs:restriction>
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</xs:simpleType>

<xs:simpleType name="tLNInstOrEmpty">
<xs:union memberTypes="tLNInst tEmpty"/>

</xs:simpleType>

<xs:simpleType name="tDataName">
<xs:restriction base="tRestrName1stU">

<xs:maxLength value="12"/>

</xs:restriction>

</xs:simpleType>

<xs:simpleType name="tDataSetName">

<xs:restriction base="tAcsiName">
<xs:maxLength value="32"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tCBName">
<xs:restriction base="tAcsiName">
<xs:maxLength value="32"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tLogName">
<xs:restriction base="tAcsiName">
<xs:maxLength value="32"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tAccessPointName">
<xs:restriction base="xs:normalizedString">
<xs:maxLength value="32"/>
<xs:pattern value="[A-Za-z0-9][0-9A-Za-z_]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tAssociationID">
<xs:restriction base="xs:normalizedString">
<xs:minLength value="1"/>
<xs:pattern value="[0-9A-Za-z]+"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tVisibleBasicLatin">
<xs:restriction base="xs:normalizedString" >
<xs:pattern value="[&#x0020;-&#x007E;Tx"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tMessageID">
<xs:restriction base="tVisibleBasicl@tin">
<xs:minLength value="1"/>
<xs:maxLength value="129"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tFullAttributeName">
<xs:restriction base="xs:normalizedString">
<xs:pattern,vatue="[a-zA-Z][a-zA-Z0-9T*(\([0-9]+\))?(\.[a-zA-Z][a-zA-Z0-9T*(\([0-9]1+\)) ) *"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tFullDOName">
<xsirestriction base="xs:normalizedString" >
<xs:pattern value="[A-Z][0-9A-Za-z]{0,11}(\.[a-z][0-9A-Za-z]*(\([0-9]+\))?)?"/>
<J/Xxs:restriction>
</XS:simpleType>
<xs:simpleType name="tSubDataName">
<xs:restriction base="tRestrName1stL">

Xs.minl nngfh value="1 "’/>
<xs:maxLength value="60"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tNamespaceName">
<xs:restriction base="xs:normalizedString">
<xs:pattern value="[&#x0020;-&#x007E;]+:20\d\d[A-Z]?"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tLineType">
<xs:restriction base="xs:normalizedString">
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>
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<xs:simpleType name="tProcessType">
<xs:restriction base="xs:normalizedString">
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tProcessName">
<xs:restriction base="xs:normalizedString">
<xs:pattern value=".+(/.+)*"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="tEnumStringValue">
<xs:restriction base="xs:normalizedString">
<xs:maxLength value="127"/>
<xs:pattern value="[\p{IsBasicLatin}\p{IsLatin-1Supplement}]*"/>
</xs:restriction>
</xs:simpleType>
</xs:schema>

<CODE ENDS>
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File SCL_Enums.xsd
<CODE BEGINS>

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:scl="http://www.iec.ch/61850/2003/SCL" xmIns="http://www.iec.ch/61850/2003/SCL"
xmlins:xs="http://www.w3.0rg/2001/XMLSchema" targetNamespace="http://www.iec.ch/61850/2003/SCL"
elementFormDefault="qualified" attributeFormDefault="unqualified" version="2007B4">

<xs:annotation>

<xs:documentation xml:lang="en">
SCL schema version "2007" revision "B" release 4, for IEC 61850-6 Ed. 2.1.

COPYRIGHT (c) IEC, 2016. All rights reserved. Disclaimer: The IEC disclaims liability for any
personal injury, property or other damages of any nature whatsoever, whether special, indirect, consequential or compensatory,
directly or indirectly resulting from this software and the document upon which its methods are based, use of, or relianee ‘upon.

</xs:documentation>
</xs:annotation>
<xs:include schemalocation="SCL_BaseSimpleTypes.xsd"/>
<xs:simpleType name="tPredefinedPTypeEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="IP"/>
<xs:enumeration value="IP-SUBNET"/>
<xs:enumeration value="IP-GATEWAY"/>
<xs:enumeration value="OSI-NSAP"/>
<xs:enumeration value="OSI-TSEL"/>
<xs:enumeration value="OSI-SSEL"/>
<xs:enumeration value="OSI-PSEL"/>
<xs:enumeration value="OSI-AP-Title"/>
<xs:enumeration value="OSI-AP-Invoke"/>
<xs:enumeration value="0OSI-AE-Qualifier"/>
<xs:enumeration value="0OSI-AE-Invoke"/>
<xs:enumeration value="MAC-Address"/>
<xs:enumeration value="APPID"/>
<xs:enumeration value="VLAN-PRIORITY"/>
<xs:enumeration value="VLAN-ID*/>
<xs:enumeration value="SNTP<Port"/>
<xs:enumeration value="MMS-Port"/>
<xs:enumeration value="DNSName"/>
<xs:enumeration value="IPyv6FlowLabel"/>
<xs:enumeration valye="IPv6ClassOfTraffic"/>
<xs:enumeration vatie="C37-118-IP-Port"/>
<xs:enumeration value="IP-UDP-PORT"/>
<xs:enumerationvalue="IP-TCP-PORT"/>
<xs:enumeration value="IPv6"/>
<xs:enumetation value="IPv6-SUBNET"/>
<xs:enUmeration value="IPv6-GATEWAY"/>
<xsientimeration value="IPv6-IGMPv3Src"/>
<Xs;enumeration value="IP-IGMPv3Src"/>
<xs:enumeration value="IP-ClassOfTraffic"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tExtensionPTypeEnum">
<xs:restriction base="xs:normalizedString">
<xs:pattern value="[A-Z][0-9A-Za-z\-]*"/>
</xs:restriction>
g/xs:simpleType>
<xs:simpleType name="tPTypeEnum">
<xs:union memberTypes="tPredefinedPTypeEnum tExtensionPTypeEnum"/>
</xs:simpleType>
<xs:simpleType name="tPredefinedPTypePhysConnEnum">
<xs:restriction base="xs:Name">

XS enumeration vaiue="T1ype 7>
<xs:enumeration value="Plug"/>
<xs:enumeration value="Cable"/>
<xs:enumeration value="Port"/>

</xs:restriction>

</xs:simpleType>

<xs:simpleType name="tPTypePhysConnEnum">

<xs:union memberTypes="tPredefinedPTypePhysConnEnum tExtensionPTypeEnum"/>
</xs:simpleType>

<xs:simpleType name="tPredefinedAttributeNameEnum">

<xs:restriction base="xs:Name">
<xs:enumeration value="T"/>
<xs:enumeration value="Test"/>
<xs:enumeration value="Check"/>
<xs:enumeration value="SIUnit"/>
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<xs:enumeration value="Oper"/>
<xs:enumeration value="SBQO"/>
<xs:enumeration value="SBOw"/>
<xs:enumeration value="Cancel"/>
<xs:enumeration value="Addr"/>
<xs:enumeration value="PRIORITY"/>
<xs:enumeration value="VID"/>
<xs:enumeration value="APPID"/>
<xs:enumeration value="TransportinUse"/>
<xs:enumeration value="IPClassOfTraffic"/>

TXS.enumeration varue— 1Pvor fowLapet 7>
<xs:enumeration value="IPAddressLength"/>
<xs:enumeration value="IPAddress"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tExtensionAttributeNameEnum">
<xs:restriction base="tRestrName1stL">
<xs:maxLength value="60"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tAttributeNameEnum">
<xs:union memberTypes="tPredefinedAttributeNameEnum tExtensionAttributeNameEhum"/>
</xs:simpleType>
<xs:simpleType name="tPredefinedCommonConductingEquipmentEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="CBR"/>
<xs:enumeration value="DIS"/>
<xs:enumeration value="VTR"/>
<xs:enumeration value="CTR"/>
<xs:enumeration value="GEN"/>
<xs:enumeration value="CAP"/>
<xs:enumeration value="REA"/>
<xs:enumeration value="CON"/>
<xs:enumeration value="MOT"/>
<xs:enumeration value="EFN"/>
<xs:enumeration value="PSH"/>
<xs:enumeration value="BAT"/>
<xs:enumeration value="BSH"/>
<xs:enumeration value="CAB"/>
<xs:enumeration valuez"GIL"/>
<xs:enumeration value="LIN"/>
<xs:enumeration value="RES"/>
<xs:enumeration value="RRC"/>
<xs:enumeration\value="SAR"/>
<xs:enumeration value="TCF"/>
<xs:enumeration value="TCR"/>
<xs:enumeration value="IFL"/>
<xs:enumeration value="FAN"/>
<x$ienumeration value="SCR"/>
&xs:enumeration value="SMC"/>
<xs:enumeration value="PMP"/>
</xs:testriction>
</xs:simplelype>
<xs:simpleType name="tExtensionEquipmentEnum">
<xs:restriction base="xs:Name">
<xs:minLength value="3"/>
<xs:pattern value="E[A-Z]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tCommonConductingEquipmentEnum">
<xs:union memberTypes="tPredefinedCommonConductingEquipmentEnum tExtensionEquipmentEnum"/>
</xs:simpleType>

=" sformerEnum">

<xs:restriction base="xs:Name">
<xs:enumeration value="PTR"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tTransformerWindingEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="PTW"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPredefinedGeneralEquipmentEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="AXN"/>
<xs:enumeration value="BAT"/>
<xs:enumeration value="MOT"/>
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<xs:enumeration value="FAN"/>
<xs:enumeration value="FIL"/>
<xs:enumeration value="PMP"/>
<xs:enumeration value="TNK"/>
<xs:enumeration value="VLV"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tExtensionGeneralEquipmentEnum">
<xs:restriction base="xs:Name">
<xs:minLength value="3"/>

XS pattern vae- ciA-Z] 1=
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tGeneralEquipmentEnum">
<xs:union memberTypes="tPredefinedGeneralEquipmentEnum tExtensionGeneralEquipmentEnum'/>
</xs:simpleType>
<xs:simpleType name="tServiceSettingsNoDynEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="Conf"/>
<xs:enumeration value="Fix"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tServiceSettingsEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="Dyn"/>
<xs:enumeration value="Conf"/>
<xs:enumeration value="Fix"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tRedProtEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="none"/>
<xs:enumeration value="hsr"/>
<xs:enumeration value="prp"/>
<xs:enumeration value="rstp"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tSMVDeliveryEnum">
<xs:restriction base="xs:Name">
<xs:enumeration valuez"unicast"/>
<xs:enumeration value="multicast"/>
<xs:enumeration valuez="both"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPhaseEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="A"/>
<xs:enumeration value="B"/>
<x$ienumeration value="C"/>
&xs:enumeration value="N"/>
<xs:enumeration value="all"/>
<xs:enumeration value="none"/>
<xs:enumeration value="AB"/>
<xs:enumeration value="BC"/>
<xs:enumeration value="CA"/>
</xs:restriction>
<IxsisimpleType>
£xs:simpleType name="tAuthenticationEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="none"/>
<xs:enumeration value="password"/>

<xs:enumeration value="weak"/>
<xs:enumeration val m—"efrnng"/>

<xs:enumeration value="certificate"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tAssociationKindEnum">
<xs:restriction base="xs:token">
<xs:enumeration value="pre-established"/>
<xs:enumeration value="predefined"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tLPHDEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="LPHD"/>
</xs:restriction>
</xs:simpleType>
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<xs:simpleType name="tLLNOEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="LLNQO"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tSystemLNGroupEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="L[A-Z]*"/>
<xs:pattern value="LLNOQ"/>
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XS Eenumeration varue="ttNo“~
<xs:enumeration value="LPHD"/>
<xs:enumeration value="LCCH"/>
<xs:enumeration value="LGOS"/>
<xs:enumeration value="LSVS"/>
<xs:enumeration value="LTIM"/>
<xs:enumeration value="LTMS"/>
<xs:enumeration value="LTRK"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupAEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="A[A-Z]*"/>
<xs:enumeration value="ANCR"/>
<xs:enumeration value="ARCQO"/>
<xs:enumeration value="ARIS"/>
<xs:enumeration value="ATCC"/>
<xs:enumeration value="AVCO"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupCEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="C[A-Z]*"/>
<xs:enumeration value="CALH"/>
<xs:enumeration value="CCGR’/>
<xs:enumeration value="CILQ"/>
<xs:enumeration value="CROW"/>
<xs:enumeration valuez"CSWI"/>
<xs:enumeration value="CSYN"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupFEnum">
<xs:restriction base="xs:Name">
<xs:length \alue="4"/>
<xs:pattern value="F[A-Z]*"/>
<xs:enumeration value="FCNT"/>
<x$ienumeration value="FCSD"/>
<xs:enumeration value="FFIL"/>
<xs:enumeration value="FLIM"/>
<xs:enumeration value="FPID"/>
<xs:enumeration value="FRMP"/>
<xs:enumeration value="FSPT"/>
<xs:enumeration value="FXOT"/>
<xs:enumeration value="FXUT"/>
</xs:restriction>
£/xs:simpleType>
<xs:simpleType name="tDomainLNGroupGEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="G[A-Z]*"/>

<xs:enumeration value="GAPC"/>

<xs:enumeration value="GGIO"/>
<xs:enumeration value="GLOG"/>
<xs:enumeration value="GSAL"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGrouplEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="I[A-Z]*"/>
<xs:enumeration value="IARC"/>
<xs:enumeration value="IHMI"/>
<xs:enumeration value="ISAF"/>
<xs:enumeration value="ITCI"/>
<xs:enumeration value="ITMI"/>
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<xs:enumeration value="ITPC"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupKEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="K[A-Z]*"/>
<xs:enumeration value="KFAN"/>
<xs:enumeration value="KFIL"/>
<xs:enumeration value="KPMP"/>

<Xs.ernarmeration value= \NTINKN'/~
<xs:enumeration value="KVLV"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupMEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="M[A-Z]*"/>
<xs:enumeration value="MDIF"/>
<xs:enumeration value="MENV"/>
<xs:enumeration value="MFLK"/>
<xs:enumeration value="MHAI"/>
<xs:enumeration value="MHAN"/>
<xs:enumeration value="MHYD"/>
<xs:enumeration value="MMDC"/>
<xs:enumeration value="MMET"/>
<xs:enumeration value="MMTN"/>
<xs:enumeration value="MMTR"/>
<xs:enumeration value="MMXN"/>
<xs:enumeration value="MMXU"/>
<xs:enumeration value="MSQl"/>
<xs:enumeration value="MSTA"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupPEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="P[A-Z]*"/>
<xs:enumeration value="PBRIF"/>
<xs:enumeration values"PDIR"/>
<xs:enumeration value="PDIS"/>
<xs:enumeration value="PDOP"/>
<xs:enumeration value="PDUP"/>
<xs:enumeration\value="PFRC"/>
<xs:enumeration value="PHAR"/>
<xs:enumeration value="PHIZ"/>
<xs:enumeration value="PIOC"/>
<xs:enumeration value="PMRI"/>
<x$ienumeration value="PMSS"/>
<xs:enumeration value="POPF"/>
<xs:enumeration value="PPAM"/>
<xs:enumeration value="PRTR"/>
<xs:enumeration value="PSCH"/>
<xs:enumeration value="PSDE"/>
<xs:enumeration value="PTEF"/>
<xs:enumeration value="PTHF"/>
<xs:enumeration value="PTOC"/>
<xs:enumeration value="PTOF"/>
<xs:enumeration value="PTOV"/>
<xs:enumeration value="PTRC"/>
<xs:enumeration value="PTTR"/>
<xs:enumeration value="PTUC"/>

<xs:enumeration value="PTIIE"/>

<xs:enumeration value="PTUV"/>
<xs:enumeration value="PUPF"/>
<xs:enumeration value="PVOC"/>
<xs:enumeration value="PVPH"/>
<xs:enumeration value="PZSU"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupQEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="Q[A-Z]*"/>
<xs:enumeration value="QFVR"/>
<xs:enumeration value="QITR"/>
<xs:enumeration value="QIUB"/>
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<xs:enumeration value="QVTR"/>
<xs:enumeration value="QVUB"/>
<xs:enumeration value="QVVR"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupREnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="R[A-Z]*"/>
<xs:enumeration value="RADR"/>

<Xs.ernarmeratior vdiue= RbuUR /-~
<xs:enumeration value="RBRF"/>
<xs:enumeration value="RDIR"/>
<xs:enumeration value="RDRE"/>
<xs:enumeration value="RDRS"/>
<xs:enumeration value="RFLQO"/>
<xs:enumeration value="RMXU"/>
<xs:enumeration value="RPSB"/>
<xs:enumeration value="RREC"/>
<xs:enumeration value="RSYN"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupSEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="S[A-Z]*"/>
<xs:enumeration value="SARC"/>
<xs:enumeration value="SCBR"/>
<xs:enumeration value="SIMG"/>
<xs:enumeration value="SIML"/>
<xs:enumeration value="SLTC"/>
<xs:enumeration value="SOPM"/>
<xs:enumeration value="SPDC"/>
<xs:enumeration value="SPTR"/>
<xs:enumeration value="SSWI"/>
<xs:enumeration value="STMP"/>,
<xs:enumeration value="SVBR/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupTEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="T[A-Z]*"/>
<xs:enumeration\value="TANG"/>
<xs:enumeration value="TAXD"/>
<xs:enumeration value="TCTR"/>
<xs:enumeration value="TDST"/>
<xs:enumeration value="TFLW"/>
<x$ienumeration value="TFRQ"/>
<xs:enumeration value="TGSN"/>
<xs:enumeration value="THUM"/>
<xs:enumeration value="TLVL"/>
<xs:enumeration value="TMGF"/>
<xs:enumeration value="TMVM"/>
<xs:enumeration value="TPOS"/>
<xs:enumeration value="TPRS"/>
<xs:enumeration value="TRTN"/>
<xs:enumeration value="TSND"/>
<xs:enumeration value="TTMP"/>
<xs:enumeration value="TTNS"/>
<xs:enumeration value="TVBR"/>
<xs:enumeration value="TVTR"/>

<xs:enumeration value="TMA/PH"/>

</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupXEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="X[A-Z]*"/>
<xs:enumeration value="XCBR"/>
<xs:enumeration value="XSWI"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupYEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="Y[A-Z]*"/>
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<xs:enumeration value="YEFN"/>
<xs:enumeration value="YLTC"/>
<xs:enumeration value="YPSH"/>
<xs:enumeration value="YPTR"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupZEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="Z[A-Z]*"/>

<Xs.enarmeratior value= ZAAN /-~
<xs:enumeration value="ZBAT"/>
<xs:enumeration value="ZBSH"/>
<xs:enumeration value="ZCAB"/>
<xs:enumeration value="ZCAP"/>
<xs:enumeration value="ZCON"/>
<xs:enumeration value="ZGEN"/>
<xs:enumeration value="ZGIL"/>
<xs:enumeration value="ZLIN"/>
<xs:enumeration value="ZMOT"/>
<xs:enumeration value="ZREA"/>
<xs:enumeration value="ZRES"/>
<xs:enumeration value="ZRRC"/>
<xs:enumeration value="ZSAR"/>
<xs:enumeration value="ZSCR"/>
<xs:enumeration value="ZSMC"/>
<xs:enumeration value="ZTCF"/>
<xs:enumeration value="ZTCR"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNEnum">
<xs:union memberTypes="tDomainLNGroupAEnum tDgmainLNGroupCEnum tDomainLNGroupFEnum
tDomainLNGroupGEnum tDomainLNGrouplEnum tDomainLNGroupKEnyum tBomainLNGroupMEnum tDomainLNGroupPEnum
tDomainLNGroupQEnum tDomainLNGroupREnum tDomainLNGroupSEnrum tDomainLNGroupTEnum tDomainLNGroupXEnum
tDomainLNGroupYEnum tDomainLNGroupZEnum"/>
</xs:simpleType>
<xs:simpleType name="tPredefinedLNClassEnum">
<xs:union memberTypes="tSystemLNGroupEnum tDomainLNEnum"/>
</xs:simpleType>
<xs:simpleType name="tExtensionLNClassEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="[A-Z]+"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tLNClassEnum">
<xs:union member]ypes="tPredefinedLNClassEnum tExtensionLNClassEnum"/>
</xs:simpleType>
<xs:simpleType name="tPredefinedCDCEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="SPS"/>
<xs:enumeration value="DPS"/>
<xs:enumeration value="INS"/>
<xs:enumeration value="ENS"/>
<xs:enumeration value="ACT"/>
<xs:enumeration value="ACD"/>
<xs:enumeration value="SEC"/>
<xs:enumeration value="BCR"/>
<xs:enumeration value="HST"/>
<xs:enumeration value="VSS"/>
<xs:enumeration value="MV"/>
<xs:enumeration value="CMV"/>

<xs:enumeration value="SA\/"/>

<xs:enumeration value="WYE"/>
<xs:enumeration value="DEL"/>
<xs:enumeration value="SEQ"/>
<xs:enumeration value="HMV"/>
<xs:enumeration value="HWYE"/>
<xs:enumeration value="HDEL"/>
<xs:enumeration value="SPC"/>
<xs:enumeration value="DPC"/>
<xs:enumeration value="INC"/>
<xs:enumeration value="ENC"/>
<xs:enumeration value="BSC"/>
<xs:enumeration value="ISC"/>
<xs:enumeration value="APC"/>
<xs:enumeration value="BAC"/>
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<xs:enumeration value="SPG"/>
<xs:enumeration value="ING"/>
<xs:enumeration value="ENG"/>
<xs:enumeration value="ORG"/>
<xs:enumeration value="TSG"/>
<xs:enumeration value="CUG"/>
<xs:enumeration value="VSG"/>
<xs:enumeration value="ASG"/>
<xs:enumeration value="CURVE"/>
<xs:enumeration value="CSG"/>

<Xs.erndarmneratior vdiue= UrFL /-
<xs:enumeration value="LPL"/>
<xs:enumeration value="CSD"/>
<xs:enumeration value="CST"/>
<xs:enumeration value="BTS"/>
<xs:enumeration value="UTS"/>
<xs:enumeration value="LTS"/>
<xs:enumeration value="GTS"/>
<xs:enumeration value="MTS"/>
<xs:enumeration value="NTS"/>
<xs:enumeration value="STS"/>
<xs:enumeration value="CTS"/>
<xs:enumeration value="OTS"/>
<xs:enumeration value="VSD"/>
<xs:enumeration value="ORS"/>
<xs:enumeration value="TCS"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tExtensionCDCEnum">
<xs:restriction base="xs:Name">
<xs:minLength value="1"/>
<xs:maxLength value="5"/>
<xs:pattern value="[A-Za-z]+"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tCDCEnum">
<xs:restriction base="tPredefinedCDCEnum*/>
</xs:simpleType>
<xs:simpleType name="tFCEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="ST"/>
<xs:enumeration valuez"MX"/>
<xs:enumeration value="CQ"/>
<xs:enumeration\value="SP"/>
<xs:enumeration value="SG"/>
<xs:enumeration value="SE"/>
<xs:enumeration value="SV"/>
<xs:enumeration value="CF"/>
<x$ienumeration value="DC"/>
&xs:enumeration value="EX"/>
<xs:enumeration value="SR"/>
<xs:enumeration value="BL"/>
<xs:enumeration value="OR"/>
</xs:restriction>
</xs:simpleType>
<xsisimpleType name="tPredefinedBasicTypeEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="BOOLEAN"/>
<xs:enumeration value="INT8"/>
<xs:enumeration value="INT16"/>
<xs:enumeration value="INT24"/>
<xs:enumeration value="INT32"/>

<xs:enumeration value="INTE4"/>

<xs:enumeration value="INT128"/>
<xs:enumeration value="INT8U"/>
<xs:enumeration value="INT16U"/>
<xs:enumeration value="INT24U"/>
<xs:enumeration value="INT32U"/>
<xs:enumeration value="FLOAT32"/>
<xs:enumeration value="FLOAT64"/>
<xs:enumeration value="Enum"/>
<xs:enumeration value="Dbpos"/>
<xs:enumeration value="Tcmd"/>
<xs:enumeration value="Quality"/>
<xs:enumeration value="Timestamp"/>
<xs:enumeration value="VisString32"/>
<xs:enumeration value="VisString64"/>
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<xs:enumeration value="VisString65"/>
<xs:enumeration value="VisString129"/>
<xs:enumeration value="VisString255"/>
<xs:enumeration value="Octet64"/>
<xs:enumeration value="Unicode255"/>
<xs:enumeration value="Struct"/>
<xs:enumeration value="EntryTime"/>
<xs:enumeration value="Check"/>
<xs:enumeration value="ObjRef"/>
<xs:enumeration value="Currency"/>

<XS.enumerduorn vdiue= rFhnyCOImAddr /-~
<xs:enumeration value="TrgOps"/>
<xs:enumeration value="OptFlds"/>
<xs:enumeration value="SvOptFlds"/>
<xs:enumeration value="LogOptFlds"/>
<xs:enumeration value="Entry|D"/>
<xs:enumeration value="Octet6"/>
<xs:enumeration value="Octet16"/>
<!-- for 61850-8-1 Edition 2.1 -->
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tBasicTypeEnum">
<xs:restriction base="tPredefinedBasicTypeEnum"/>
</xs:simpleType>
<xs:simpleType name="tValKindEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="Spec"/>
<xs:enumeration value="Conf"/>
<xs:enumeration value="RQO"/>
<xs:enumeration value="Set"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tGSEControlTypeEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="GSSE"/>
<xs:enumeration value="GOOSE"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tUnitMultiplierEnum">
<xs:restriction base="xs:normalizedString">
<xs:enumeration value=">
<xs:enumeration valuez"m"/>
<xs:enumeration value="k"/>
<xs:enumeration\value="M"/>
<xs:enumeration value="mu"/>
<xs:enumeration value="y"/>
<xs:enumeration value="z"/>
<xs:enumeration value="a"/>
<x$ienumeration value="f"/>
&xs:enumeration value="p"/>
<xs:enumeration value="n"/>
<xs:enumeration value="c"/>
<xs:enumeration value="d"/>
<xs:enumeration value="da"/>
<xs:enumeration value="h"/>
<xs:enumeration value="G"/>
<xs:enumeration value="T"/>
<xs:enumeration value="P"/>
<xs:enumeration value="E"/>
<xs:enumeration value="Z"/>
<xs:enumeration value="Y"/>

</xs:restriction>
</xs:simnleTune>
L PALd

<xs:simpleType name="tRightEnum">
<xs:restriction base="xs:normalizedString">
<xs:enumeration value="full"/>
<xs:enumeration value="fix"/>
<xs:enumeration value="dataflow"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tSDOCount">
<xs:union memberTypes="xs:unsignedint tRestrName1stL"/>
</xs:simpleType>
<xs:simpleType name="tDACount">
<xs:union memberTypes="xs:unsignedint tAttributeNameEnum"/>
</xs:simpleType>
<xs:simpleType name="tSmpMod">
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<xs:restriction base="xs:normalizedString">
<xs:enumeration value="SmpPerPeriod"/>
<xs:enumeration value="SmpPerSec"/>
<xs:enumeration value="SecPerSmp"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPredefinedPhysConnTypeEnum">
<xs:restriction base="xs:normalizedString">
<xs:enumeration value="Connection"/>
<xs:enumeration value="RedConn"/>

</XS.Testricuorn-~
</xs:simpleType>
<xs:simpleType name="tExtensionPhysConnTypeEnum">
<xs:restriction base="xs:normalizedString">
<xs:pattern value="[A-Z][0-9A-Za-z\-]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPhysConnTypeEnum">
<xs:union memberTypes="tPredefinedPhysConnTypeEnum tExtensionPhysConnTypeEpum"/>
</xs:simpleType>
<xs:simpleType name="tServiceType">
<xs:restriction base="xs:Name">
<xs:enumeration value="Poll"/>
<xs:enumeration value="Report"/>
<xs:enumeration value="GOOSE"/>
<xs:enumeration value="SMV"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPredefinedTypeOfSecurityEnum">
<xs:restriction base="xs:normalizedString">
<xs:enumeration value="None"/>
<xs:enumeration value="Signature"/>
<xs:enumeration value="SignatureAndEncryption"/>
</xs:restriction>
</xs:simpleType>
</xs:schema>

<CODE ENDS>
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File SCL_BaseTypes.xsd
<CODE BEGINS>

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:scl="http://www.iec.ch/61850/2003/SCL" xmIns="http://www.iec.ch/61850/2003/SCL"
xmins:xs="http://www.w3.0rg/2001/XMLSchema" targetNamespace="http://www.iec.ch/61850/2003/SCL"
elementFormDefault="qualified" attributeFormDefault="unqualified" version="2007B4">

<xs:annotation>

<Xs:documentation xml:lang="en >
SCL schema version "2007" revision "B" release 4, for IEC 61850-6 Ed. 2.1.

COPYRIGHT (c) IEC, 2016. All rights reserved. Disclaimer: The IEC disclaims liability for any
personal injury, property or other damages of any nature whatsoever, whether special, indirect, consequential or compensatory,
directly or indirectly resulting from this software and the document upon which its methods are based, use of, or reliance upon.

</xs:documentation>
</xs:annotation>
<xs:include schemalocation="SCL_Enums.xsd"/>
<xs:attributeGroup name="agDesc">
<xs:attribute name="desc" type="xs:normalizedString" use="optional" default=""/%
</xs:attributeGroup>
<xs:complexType name="tBaseElement" abstract="true">
<xs:sequence>

<xs:any namespace="##other" processContents="lax" minOccurs="0"
maxOccurs="unbounded"/>

<xs:element name="Text" type="tText" minOccurs="0"[>

<xs:element name="Private" type="tPrivate" minOceurs="0" maxOccurs="unbounded"/>

</xs:sequence>
<xs:anyAttribute namespace="##other" processContents="ax"/>
</xs:complexType>
<xs:complexType name="tUnNaming" abstract="true">
<xs:complexContent>
<xs:extension base="tBaseElement">,
<xs:attributeGroup ref="agDesc"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tNaming" abstract=true">
<xs:complexContent>
<xs:extension base="tBaseElement">
<xs:attribute name="name" type="tName" use="required"/>
<xssattributeGroup ref="agDesc"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tIDNaming" abstract="true">
<xs:complex€ontent>
<xs:extension base="tBaseElement">
<xs:attribute name="id" type="tID" use="required"/>
<xs:attributeGroup ref="agDesc"/>

</xs:extension>

</xs:complexContent>

</Xs:complexType>

g xs:complexType name="tAnyContentFromOtherNamespace" abstract="true" mixed="true">
<xs:sequence minOccurs="0" maxOccurs="unbounded">

<xs:any namespace="##other" processContents="lax"/>

</xs:sequence>
<xs:anyAttribute namespace="##other" processContents="Ilax"/>
</xs:complexType>

<xs:complexType name="tText" mixed="true">
<xs:complexContent>
<xs:extension base="tAnyContentFromOtherNamespace">
<xs:attribute name="source" type="xs:anyURI" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tPrivate" mixed="true">
<xs:complexContent>
<xs:extension base="tAnyContentFromOtherNamespace">
<xs:attribute name="type" use="required">
<xs:simpleType>
<xs:restriction base="xs:normalizedString">
<xs:minLength value="1"/>
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</xs:restriction>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="source" type="xs:anyURI" use="optional"/>
</xs:extension>
< /xs:complexContent>
</xs:complexType>
<xs:complexType name="tHeader">
<xs:sequence>
<xs:.element name="Text" tvpe="tText" minQccurs="0"/>

<xs:element name="History" minOccurs="0">
<xs:complexType>
<xs:sequence>
<xs:element name="Hitem" type="tHitem"
maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="id" type="xs:normalizedString" use="required"/>
<xs:attribute name="version" type="xs:normalizedString" use="optional"/>
<xs:attribute name="revision" type="xs:normalizedString" use="optional" defatjt=""/>
<xs:attribute name="toolID" type="xs:normalizedString" use="optional"/>
<xs:attribute name="nameStructure" use="optional" default="IEDName}>
<xs:simpleType>
<xs:restriction base="xs:Name">
<xs:enumeration value="IEDName"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:complexType>
<xs:complexType name="tHitem" mixed="true">
<xs:complexContent>
<xs:extension base="tAnyContentFromOtherNamespace">
<xs:attribute name="yersion" type="xs:normalizedString" use="required"/>
<xs:attribute name={"revision" type="xs:normalizedString" use="required"/>
<xs:attribute name="when" type="xs:normalizedString" use="required"/>
<xs:attribute name="who" type="xs:normalizedString"/>
<xs:attribute hame="what" type="xs:normalizedString"/>
<xs:attributeyname="why" type="xs:normalizedString"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tVal'>
<xs:simpleContent>»
<xs;extension base="xs:normalizedString">
<xs:attribute name="sGroup" type="xs:unsignedInt" use="optional"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tValueWithUnit">
<xs:simpleContent>
<xs:extension base="xs:decimal">
<xs:attribute name="unit" type="xs:token" use="required"/>
<xs:attribute name="multiplier" type="tUnitMultiplierEnum" use="optional"
defaulf="y/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
(yc-rnmplva\'/pn namn—"f\lnli—ngn">

<xs:simpleContent>
<xs:restriction base="tValueWithUnit">
<xs:attribute name="unit" type="xs:token" use="required" fixed="V"/>
<xs:attribute name="multiplier" type="tUnitMultiplierEnum" use="optional"
default=""/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tDurationInSec">
<xs:simpleContent>
<xs:restriction base="tValueWithUnit">
<xs:attribute name="unit" type="xs:token" use="required" fixed="s"/>
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<xs:attribute name="multiplier" type="tUnitMultiplierEnum" use="optional"
default=""/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tDurationInMilliSec">
<xs:simpleContent>
<xs:extension base="xs:decimal">
<xs:attribute name="unit" type="xs:token" use="optional" fixed="s"/>

<xs:attribute name="multiplier" type="tUnitMultiplierEnum" use="optional"

fixed="m"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tBitRateInMbPerSec">
<xs:simpleContent>
<xs:extension base="xs:decimal">
<xs:attribute name="unit" type="xs:normalizedString" use="optional* fixed="b/s"/>
<xs:attribute name="multiplier" type="tUnitMultiplierEnum" use="gptional"
fixed="M"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
</xs:schema>

<CODE ENDS>
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A.2 Substation syntax
File SCL_Substation. xsd
<CODE BEGINS>

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:scl="http://www.iec.ch/61850/2003/SCL" xmIns="http://www.iec.ch/61850/2003/SCL"

TXo— T W3 =“httpr//www . iecth/618507/20037/SCE
elementFormDefault="qualified" attributeFormDefault="unqualified" version="2007B4">
<xs:annotation>
<xs:documentation xml:lang="en">
SCL schema version "2007" revision "B" release 4, for IEC 61850-6 Ed. 2.1.

COPYRIGHT (c) IEC, 2016. All rights reserved. Disclaimer: The IEC disclaims liability for any personal injury,
property or other damages of any nature whatsoever, whether special, indirect, consequential or compensatorypdirectly or
indirectly resulting from this software and the document upon which its methods are based, use of, or reliance upon.

</xs:documentation>
</xs:annotation>
<xs:include schemalocation="SCL_BaseTypes.xsd"/>
<xs:attributeGroup name="agVirtual">
<xs:attribute name="virtual" type="xs:boolean" use="optional" default="false"/>
</xs:attributeGroup>
<xs:complexType name="tLNodeContainer" abstract="true">
<xs:complexContent>
<xs:extension base="tNaming">
<xs:sequence>
<xs:element name="LNode" type="tLNode" minOccurs="0-maxOccurs="unbounded"/>
</xs:sequence>

</xs:extension>

</xs:complexContent>

</xs:complexType>

<xs:complexType name="tPowerSystemResource" abstract="true">
<xs:complexContent>

<xs:extension base="tLNodeContainer"/>

</xs:complexContent>

</xs:complexType>

<xs:complexType name="tEquipmentContainer}-abstract="true">
<xs:complexContent>

<xs:extension base="tPowerSystemResource">

<xs:sequence>
<xs:element name="PowerTransformer" type="tPowerTransformer" minOccurs="0"
maxOccurs="unbounded" >
<xs:unique ‘name="uniqueLNodeInPowerTransformer">
<xs:selector xpath="./scl:LNode"/>
<xsield xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInPTR">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="GeneralEquipment" type="tGeneralEquipment" minOccurs="0"
mfaxOccurs="unbounded">

<XS:unique name=uniqueLNodeInGeneralEquipment >
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>

</xs:unique>

<xs:unique name="uniqueChildNameInGE">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>

</xs:unique>

</xs:element>
</xs:sequence>
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</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tEquipment" abstract="true">
<xs:complexContent>
<xs:extension base="tPowerSystemResource">
<xs:attributeGroup ref="agVirtual"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

<xs:complexType name="tAbstractConductingEquipment" abstract="true">
<xs:complexContent>
<xs:extension base="tEquipment">
<xs:sequence>
<xs:element name="Terminal" type="tTerminal" minOccurs="0" maxOccurs="2"/>
<xs:element name="SubEquipment" type="tSubEquipment" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInSubEquipment">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInACESubEquipment">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tConductingEquipment">
<xs:complexContent>
<xs:extension base="tAbstractConductingEquipment”>
<xs:sequence>
<xs:element name="EqFunction" type="scl:tEqFunction” minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInFuncForCE">
<xs:selector xpath="./sel;LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath&":@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field Xpath="@prefix"/>
</xs:unigue>
<xs:unigue name="uniqueChildNameInFuncForCE">
<xsrselector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
<Jxs:element>
</Xs:sequence>
<x5:attribute name="type" type="tCommonConductingEquipmentEnum" use="required"/>
<[Xs:extension>
</xs:complexContent>
< /s complexType>
<xs:complexType name="tSubEquipment">
<xs:complexContent>
<xs:extension base="tPowerSystemResource">

(YC'CQ!_‘I‘I lence>
<xs:element name="EqFunction" type="scl:tEqFunction" minOccurs="0" maxOccurs="unbounded">

<xs:unique name="uniqueLNodeInFuncForSubEq">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>

</xs:unique>

<xs:unique name="uniqueChildNamelInFuncForSubEq">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>

</xs:unique>
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</xs:element>
</xs:sequence>
<xs:attribute name="phase" type="tPhaseEnum" use="optional" default="none"/>
<xs:attributeGroup ref="agVirtual"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tPowerTransformer">
<xs:complexContent>
<xs:extension base="tEquipment">

<xs:sequence>
<xs:element name="TransformerWinding" type="tTransformerWinding" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInTransformerWinding">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInPTW">
<xs:selector xpath="./scl:SubEquipment|./scl: TapChanger|./scl:EqFunctien"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="SubEquipment" type="scl:tSubEquipment" minOceurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInSubEquipmentPTR">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInPTRSubEquipment">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="EqFunction’ type="scl:tEqFunction" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInFuncForPTR">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath&';@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field Xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs¢field xpath="@prefix"/>
</xs:unique>
<xswnique name="uniqueChildNameInFuncForPTR">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="type" type="tPowerTransformerEnum" use="required" fixed="PTR"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tTransformerWinding">

(yc-rnmplpv{"nnfnnf>
<xs:extension base="tAbstractConductingEquipment">
<xs:sequence>
<xs:element name="TapChanger" type="tTapChanger" minOccurs="0">

<xs:unique name="uniqueLNodeInTapChanger">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>

</xs:unique>

<xs:unique name="uniqueChildNameInLTC">
<xs:selector xpath="./*"/>
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<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="NeutralPoint" type="tTerminal" minOccurs="0"/>
<xs:element name="EqFunction" type="scl:tEqFunction" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInFuncForPTW">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>

<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInFuncForPTW">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="type" type="tTransformerWindingEnum" use="required" fixed="PTW"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tTapChanger">
<xs:complexContent>
<xs:extension base="tPowerSystemResource">
<xs:sequence>
<xs:element name="SubEquipment" type="scl:tSubEquipmentminOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInSubEquipmentLTC" >
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInLTCSubEquipment">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="EqFunction" type="scl:tEqFunction" minOccurs="0" maxOccurs="unbounded">
<xs:unique name={"iniqueLNodeInFuncForLTC">
<xs:selectorxpath="./scl:LNode"/>
<xs:field Xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs¢field xpath="@iedName"/>
<xsfield xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInFuncForLTC">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="type" type="xs:Name" use="required" fixed="LTC"/>
<xs:attributeGroup ref="agVirtual"/>
</xs:extension>

(llyc-rnmplny(‘nnhanf>
</xs:complexType>
<xs:complexType name="tGeneralEquipment">
<xs:complexContent>
<xs:extension base="tEquipment">
<xs:sequence>
<xs:element name="EqFunction" type="scl:tEqFunction" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInFuncForGE">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
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</xs:unique>
<xs:unique name="uniqueChildNameInFuncForGE">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="type" type="tGeneralEquipmentEnum" use="required"/>
</xs:extension>
</xs:complexContent>

</xs:complexType>
<xs:complexType name="tSubstation">
<xs:complexContent>
<xs:extension base="tEquipmentContainer">
<xs:sequence>
<xs:element name="VoltageLevel" type="tVoltageLevel" maxOccurs="unbounded">
<xs:unique name="uniqueChildNameInVoltageLevel">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unique name="uniqueLNodeInVoltageLevel">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
</xs:element>
<xs:element name="Function" type="tFunction" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInFunctionSS">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInSubstationFunc">
<xs:selector xpath="./%"/>
<xs:field xpath="@hame"/>
</xs:unique>
</xs:element>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tVoltageLevel">
<xs:complexContent>
<xs:extension base="tEquipmentContainer">
<xs:seguence>
<Xs:element name="Voltage" type="tVoltage" minOccurs="0"/>
<xs:element name="Bay" type="tBay" maxOccurs="unbounded">
<xs:unique name="uniqueChildNameInBay">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unique name="uniqueLNodeInBay">
<xs:selector xpath="./scl:LNode"/>

xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
</xs:element>
<xs:element name="Function" type="scl:tFunction" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInFunctionVL">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
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<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInVoltageLevelFunc">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="nomFreq" use="optional">
<xs:simpleType>

<xs:restriction base="xs:decimal">
<xs:minInclusive value="0"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="numPhases" use="optional">
<xs:simpleType>
<xs:restriction base="xs:unsignedByte">
<xs:minExclusive value="0"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tBay">
<xs:complexContent>
<xs:extension base="tEquipmentContainer">
<xs:sequence>
<xs:element name="ConductingEquipment" type="tConductingEquipment" minOccurs="0"
maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInConductingEquipment">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInCE">
<xs:selector xpath=*,/scl:SubEquipment]|./scl:EqFunction"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="ConnectivityNode" type="tConnectivityNode" minOccurs="0"
maxOccurs="unbounded" >
<xs:unigue name="uniqueLNodeInConnectivityNode">
<xsrselector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
</xs:element>
<xs:element name="Function" type="scl:tFunction" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInFunctionB">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>

xs:field xpath="@InClass"/>

<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>

</xs:unique>

<xs:unique name="uniqueChildNameInBayFunc">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>

</xs:unique>

</xs:element>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
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<xs:complexType name="tLNode">
<xs:complexContent>

<xs:extension base="tUnNaming">
<xs:attribute name="iedName" type="tIEDNameOrNone" use="optional" default="None"/>
<xs:attribute name="IdInst" type="tLDInstOrEmpty" use="optional" default=""/>
<xs:attribute name="prefix" type="tPrefix" use="optional" default=""/>
<xs:attribute name="InClass" type="tLNClassEnum" use="required"/>
<xs:attribute name="InInst" type="tLNInstOrEmpty" use="optional" default=""/>
<xs:attribute name="InType" type="tName" use="optional"/>

</xs.extension>

< /xs:complexContent>
</xs:complexType>
<xs:complexType name="tFunction">
<xs:complexContent>
<xs:extension base="tPowerSystemResource">
<xs:sequence>
<xs:element name="SubFunction" type="tSubFunction" minOccurs="0" maxOccurs="unbounded" >
<xs:unique name="uniqueLNodeInSubFunction">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInSubFunc">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="GeneralEquipment" type="tGeneralEquipment" minOccurs="0"
maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInGeneralEquipmentOfFunction">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInGEFunc">
<xs:selector xpath="./*"/>
<xs:field xpath&';@name"/>
</xs:unique>
</xs:element>
<xs:element,.name="ConductingEquipment" type="tConductingEquipment" minOccurs="0"
maxOccurs="unbounded" >
<xs:uhigue name="uniqueLNodeInConductingEquipmentOfFunction">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInCondEq">
<xs:selector xpath="./scl:SubEquipment|./scl:EqFunction"/>
<xs:field xpath="@name"/>
</xs:unique>

/vc-nlnmpniﬁ
</xs:sequence>
<xs:attribute name="type" type="xs:normalizedString" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tSubFunction">
<xs:complexContent>
<xs:extension base="tPowerSystemResource">
<xs:sequence>
<xs:element name="GeneralEquipment" type="tGeneralEquipment" minOccurs="0"
maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInGeneralEquipmentOfSubFunction">
<xs:selector xpath="./scl:LNode"/>
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<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInGESubFunc">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unigue>

</xs:element>
<xs:element name="ConductingEquipment" type="scl:tConductingEquipment" minOccurs="0"
maxOccurs="unbounded" >
<xs:unique name="uniqueLNodeInConductingEquipmentOfSubFunction">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueSubEquipmentSubFunc">
<xs:selector xpath="./scl:SubEquipment"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="SubFunction" type="scl:tSubFunction" minQccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInSubSubFunction">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueSubSubFung" >
<xs:selector xpath="./scl:SubFunction"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="type" typg="xs:normalizedString" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tAbstractEqFuncSubFunc" abstract="true">
<xs:complexContent>.
<xs:extension base="tPowerSystemResource">
<xs:sequence>
<xs:element name="GeneralEquipment" type="tGeneralEquipment" minOccurs="0"
maxOccurs="unbounded" >
<xs:unique name="uniqueLNodeInGeneralEquipmentOfFuncForEquipment">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>

vc-uniqun n = ment">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="EqSubFunction" type="scl:tEqSubFunction" minOccurs="0"
maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInSubFuncForEquipment">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
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</xs:unique>
<xs:unique name="uniqueSubFuncForEquipment">
<xs:selector xpath="./scl:EqSubFunction"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="type" type="xs:normalizedString" use="optional"/>
</xs:extension>
</xs:complexContent>

</xs:complexType>
<xs:complexType name="tEqFunction">
<xs:complexContent>
<xs:extension base="tAbstractEqFuncSubFunc"/>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tEqSubFunction">
<xs:complexContent>
<xs:extension base="tAbstractEqFuncSubFunc"/>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tConnectivityNode">
<xs:complexContent>
<xs:extension base="tLNodeContainer">
<xs:attribute name="pathName" type="tConnectivityNodeReference" use="reqired"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tTerminal">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:attribute name="name" type="tAnyName" use="optignal" default=""/>
<xs:attribute name="connectivityNode" type="tConnectivityNodeReference" use="required"/>
<xs:attribute name="processName" type="tProcessName" use="optional"/>
<xs:attribute name="substationName" type="tName" use="optional"/>
<xs:attribute name="voltageLevelName" type="tName" use="optional"/>
<xs:attribute name="bayName" type="tName" use="optional"/>
<xs:attribute name="cNodeName" type="tName" use="required"/>
<xs:attribute name="lineName" type="tName" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tGeneralEquipmentContainer" abstract="true">
<xs:complexContent>
<xs:extension base="tPowerSystemResource">
<xs:sequence>
<xs:elementname="GeneralEquipment" type="tGeneralEquipment" minOccurs="0"
maxOccurs="unbounded" >
<xswnique name="uniqueLNodeInGeneralEquipment2">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInGE2">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>

/xsunigue>
f “

</xs:element>
<xs:element name="Function" type="tFunction" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueLNodeInFunction">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
<xs:unique name="uniqueChildNameInFunction">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
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</xs:unique>
</xs:element>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tLine">
<xs:complexContent>
<xs:extension base="tGeneralEquipmentContainer">
<xs:.seguence>

<xs:element name="Voltage" type="tVoltage" minOccurs="0"/>
<xs:element name="ConductingEquipment" type="scl:tConductingEquipment" maxOccurs="unbounded"/>
<xs:element name="ConnectivityNode" type="scl:tConnectivityNode" minOccurs="0"
maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="type" type="tLineType" use="optional"/>
<xs:attribute name="nomFreq" use="optional">
<xs:simpleType>
<xs:restriction base="xs:decimal">
<xs:minInclusive value="0"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="numPhases" use="optional">
<xs:simpleType>
<xs:restriction base="xs:unsignedByte">
<xs:minExclusive value="0"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tProcess">
<xs:complexContent>
<xs:extension base="tGeneralEquipmentContainer>
<xs:sequence>
<xs:element name="ConductingEquipment" type="scl:tConductingEquipment" minOccurs="0"
maxOccurs="unbounded"/>
<xs:element name="Substation type="tSubstation" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueChildNameInProcessSubstation">
<xs:selector xpath="./*"/>
<xs:field xpath&';@name"/>
</xs:unique>
<xs:unique ,name="uniqueLNodeInProcessSubstation">
<xs:selector xpath="./scl:LNode"/>
<xs¢field xpath="@InInst"/>
<xsfield xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
</xs:element>
<xs:element name="Line" type="tLine" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="Process" type="tProcess" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueChildNameInSubProcess">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
xs:unique namn—"nniqnpl NodelnSubProcess! >

<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="type" type="tProcessType" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
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<xs:element name="Substation" type="tSubstation">

<xs:unique name="uniqueChildNamelInSubstation">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>

</xs:unique>

<xs:unique name="uniqueLNodeInSubstation">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
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<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
</xs:element>
<xs:element name="Process" type="tProcess">
<xs:unique name="uniqueChildNameInProcess">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unique name="uniqueLNodeInProcess">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
</xs:element>
<xs:element name="Line" type="tLine">
<xs:unique name="uniqueChildNamelnLine">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unique name="uniqueLNodeInLine">
<xs:selector xpath="./scl:LNode"/>
<xs:field xpath="@InInst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
</xs:unique>
</xs:element>
</xs:schema>

<CODE ENDS>
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A.3 Data type templates
File SCL_DataTypeTemplates. xsd
<CODE BEGINS>

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:scl="http://www.iec.ch/61850/2003/SCL" xmIns:xs="http://www.w3.0rg/2001/XMLSchema"

= T ~TeC. =‘fttp//www.ieC.ch/618507/2003/SCE
elementFormDefault="qualified" attributeFormDefault="unqualified" version="2007B4">
<xs:annotation>
<xs:documentation xml:lang="en">
SCL schema version "2007" revision "B" release 4, for IEC 61850-6 Ed. 2.1.

COPYRIGHT (c) IEC, 2016. All rights reserved. Disclaimer: The IEC disclaims liability for any personal injury,
property or other damages of any nature whatsoever, whether special, indirect, consequential or compensatorypdirectly or
indirectly resulting from this software and the document upon which its methods are based, use of, or reliance upon.

</xs:documentation>
</xs:annotation>
<xs:include schemalocation="SCL_BaseTypes.xsd"/>
<xs:attributeGroup name="agDATrgOp">
<xs:attribute name="dchg" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="qchg" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="dupd" type="xs:boolean" use="optional" default="false"/>
</xs:attributeGroup>
<xs:complexType name="tAbstractDataAttribute" abstract="true">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>
<xs:element name="Val" type="tVal" minOccurs="0¥maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="name" type="tAttributeNameEpum" use="required"/>
<xs:attribute name="sAddr" type="xs:normalizedString" use="optional"/>
<xs:attribute name="bType" type="tBasicTyp€Enum" use="required"/>
<xs:attribute name="valKind" type="tValKindEnium" use="optional" default="Set"/>
<xs:attribute name="type" type="tAnyName" use="optional"/>
<xs:attribute name="count" type="tDACount" use="optional" default="0"/>
<xs:attribute name="valImport" type="xs:boolean" use="optional" default="false"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tLNodeType'>
<xs:complexContent>
<xs:extension base="tIBNaming">
<xs:sequence>
<xs:elemént-Aiame="D0O" type="tDO" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="iedType" type="tAnyName" use="optional" default=""/>
<xs:attribute name="InClass" type="tLNClassEnum" use="required"/>
</xs:extension>
< /xs:complexContent>
</xs:complexType>
<xs:complexType name="tDO">
<Xs:complexContent>
<xs:extension base="tUnNaming">
<xs:attribute name="name" type="tDataName" use="required"/>
<xs:attribute name="type" type="tName" use="required"/>
<xs:attribute name="accessControl" type="xs:normalizedString" use="optional"/>

<IXSrattrbute name=transient’ type="xs:boolean" use= opuonal" derault="talse />
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tDOType">
<xs:complexContent>
<xs:extension base="tIDNaming">
<xs:choice minOccurs="0" maxOccurs="unbounded" >
<xs:element name="SDO" type="tSDO"/>
<xs:element name="DA" type="tDA">
<xs:unique name="uniqueProtNsInDA">
<xs:selector xpath="scl:ProtNs"/>
<xs:field xpath="@type"/>
<xs:field xpath="."/>
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</xs:unique>
</xs:element>
</xs:choice>
<xs:attribute name="iedType" type="tAnyName" use="optional" default=""/>
<xs:attribute name="cdc" type="tCDCEnum" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tSDO">
<xs:complexContent>

<xs:extension base="tUnNaming">
<xs:attribute name="name" type="tSubDataName" use="required"/>
<xs:attribute name="type" type="tName" use="required"/>
<xs:attribute name="count" type="tSDOCount" use="optional" default="0"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tDA">
<xs:complexContent>
<xs:extension base="tAbstractDataAttribute">
<xs:sequence>
<xs:element name="ProtNs" type="tProtNs" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attributeGroup ref="agDATrgOp"/>
<xs:attribute name="fc" type="tFCEnum" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tDAType">
<xs:complexContent>
<xs:extension base="tIDNaming">
<xs:sequence>
<xs:element name="BDA" type="tBDA" maxOccurs="unbounded"/>
<xs:element name="ProtNs" type="tProtNs" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="iedType" type="tAnyName” use="optional" default=""/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tBDA">
<xs:complexContent>
<xs:extension base="tAbstractDataAttribute"/>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tEnumType">
<xs:complexContent>
<xs:extension base="tIDNaming">
<xs:sequence>.
<xs:element name="EnumVal" type="tEnumVal" maxOccurs="unbounded"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tProtNs">
<xs:simpleContent>
<xs:extension base="tNamespaceName">
<xs:attribute name="type" use="optional" default="8-MMS">
<xs:simpleType>
<xs:restriction base="xs:normalizedString">
xs.minl nngfh value="1 "’/>

</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tEnumVal">
<xs:simpleContent>
<xs:extension base="tEnumStringValue">
<xs:attribute name="ord" type="xs:int" use="required"/>
<xs:attributeGroup ref="agDesc"/>
</xs:extension>
</xs:simpleContent>
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</xs:complexType>
<xs:complexType name="tDataTypeTemplates">
<xs:sequence>
<xs:element name="LNodeType" type="tLNodeType" maxOccurs="unbounded">
<xs:unique name="uniqueDOInLNodeType">
<xs:selector xpath="scl:DO"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="DOType" tvpe="tDOType" maxOQccurs="unbounded">

<xs:unique name="uniqueDAorSDOINDOType">
<xs:selector xpath="./*"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="DAType" type="tDAType" minOccurs="0" maxOccurs="unbounded">
<xs:unique name="uniqueBDAINDAType">
<xs:selector xpath="scl:BDA"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unique name="uniqueProtNs">
<xs:selector xpath="scl:ProtNs"/>
<xs:field xpath="@type"/>
<xs:field xpath="."/>
</xs:unique>
</xs:element>
<xs:element name="EnumType" type="tEnumType" minOccurs="0" maxQscurs="unbounded">
<xs:unique name="uniqueOrdInEnumType">
<xs:selector xpath="scl:EnumVal"/>
<xs:field xpath="@ord"/>
</xs:unique>
<xs:unique name="uniqueEnumValue">
<xs:selector xpath="scl:EnumVal"/>
<xs:field xpath="."/>
</xs:unique>
</xs:element>
</xs:sequence>
</xs:complexType>
<xs:element name="DataTypeTemplates" type="tDataTypeTemplates">
<xs:key name="DOTypeKey">
<xs:selector xpath="scl:DOType"/>
<xs:field xpath="@id"/>
</xs:key>
<xs:keyref name="ref2DOType".refer="DOTypeKey">
<xs:selector xpath="scl:L{NodeType/scl:DO"/>
<xs:field xpath="@type"/>
</xs:keyref>
<xs:keyref name="ref2DOTypeForSDO" refer="DOTypeKey">
<xs:selector xpath="scl:DOType/scl:SDO"/>
<xs:field xpath="@type"/>
</xs:keyref>
<xs:unigue.name="uniqueDTT_ID">
<xsiselector xpath="*"/>
<xs:field xpath="@id"/>
</xs:unique>
<x5:key name="EnumTypeDATypeKey">
<xs:selector xpath="scl:DAType | scl:EnumType"/>
<xs:field xpath="@id"/>
</xs:key>

(yc-l(p\’/rpf name="ref2En |mT\’/pnnAT\llpp" refer="scl:Ent |mT\llppnAT\’/ann\ll">
<xs:selector xpath="scl:DOType/scl:DA | scl:DAType/scl:BDA"/>
<xs:field xpath="@type"/>
</xs:keyref>
</xs:element>
</xs:schema>

<CODE ENDS>
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A.4 |IED capabilities and structure

File SCL_IED.xsd
<CODE BEGINS>

<?xml version="1.0" encoding="UTF-8"?>

. . = . . . = . 1€C.CIN/O 165U/ ZUUS/S5CLL
xmins:xs="http://www.w3.0rg/2001/XMLSchema" targetNamespace="http://www.iec.ch/61850/2003/SCL"
elementFormDefault="qualified" attributeFormDefault="unqualified" version="2007B4">
<xs:annotation>
<xs:documentation xml:lang="en">
SCL schema version "2007" revision "B" release 4, for IEC 61850-6 Ed. 2.1.

COPYRIGHT (c) IEC, 2016. All rights reserved. Disclaimer: The IEC disclaims liability for any personal, injary,
property or other damages of any nature whatsoever, whether special, indirect, consequential or compensatary directly or
indirectly resulting from this software and the document upon which its methods are based, use of, or reliance”upon.

</xs:documentation>
</xs:annotation>
<xs:include schemalocation="SCL_BaseTypes.xsd"/>
<xs:attributeGroup name="agAuthentication">
<xs:attribute name="none" type="xs:boolean" use="optional" default="true"/>
<xs:attribute name="password" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="weak" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="strong" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="certificate" type="xs:boolean" use="optional" default="false"/>
</xs:attributeGroup>
<xs:attributeGroup name="agSmvOpts">
<xs:attribute name="refreshTime" type="xs:boolean" use="optighal“default="false"/>
<xs:attribute name="sampleSynchronized" type="xs:boolean? use="optional" fixed="true"/>
<xs:attribute name="sampleRate" type="xs:boolean" use="pptional" default="false"/>
<xs:attribute name="dataSet" type="xs:boolean" use="gptional" default="false"/>
<xs:attribute name="security" type="xs:boolean" use="gptional" default="false"/>
<xs:attribute name="timestamp" type="xs:boolean’_is&="optional" default="false"/>
<xs:attribute name="synchSourceld" type="xs:boolean" use="optional" default="false"/>
</xs:attributeGroup>
<xs:attributeGroup name="agOptFields">
<xs:attribute name="seqNum" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="timeStamp" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="dataSet" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="reasonCode\ype="xs:boolean" use="optional" default="false"/>
<xs:attribute name="dataRef".type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="entryID.type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="configRef" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="bufvfl" type="xs:boolean" use="optional" default="true"/>
</xs:attributeGroup>
<xs:attributeGroup name="agLDRef">
<xs:attributeGroup ref="scl:agDesc"/>
<xs:attributeyiame="iedName" type="tIEDName" use="required"/>
<xs:attribute name="IdInst" type="tLDInst" use="required"/>
</xs:attributéGroup>
<xs:attributeGroup name="agLNRef">
<Xs:attributeGroup ref="agLDRef"/>
<xs:attribute name="prefix" type="tPrefix" use="optional" default=""/>
<xs:attribute name="InClass" type="tLNClassEnum" use="required"/>
<xs:attribute name="InInst" type="tLNInstOrEmpty" use="required"/>
</xs:attributeGroup>

<XS:complexType name="tED >
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>
<xs:element name="Services" type="tServices" minOccurs="0"/>
<xs:element name="AccessPoint" type="tAccessPoint" maxOccurs="unbounded">
<xs:unique name="uniqueLNInAccessPoint">
<xs:selector xpath="./scl:LN"/>
<xs:field xpath="@inst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@prefix"/>
</xs:unique>
</xs:element>
<xs:element name="KDC" type="tKDC" minOccurs="0" maxOccurs="unbounded"/>
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</xs:sequence>

<xs:attribute name="name" type="tIEDName" use="required"/>

<xs:attribute name="type" type="xs:normalizedString" use="optional"/>

<xs:attribute name="manufacturer" type="xs:normalizedString" use="optional"/>
<xs:attribute name="configVersion" type="xs:normalizedString" use="optional"/>
<xs:attribute name="originalSclVersion" type="tSclVersion" use="optional" default="2003"/>
<xs:attribute name="originalScIRevision" type="tScIRevision" use="optional" default="A"/>
<xs:attribute name="originalScIRelease" type="tSclRelease" use="optional" default="1"/>
<xs:attribute name="engRight" type="tRightEnum" use="optional" default="full"/>
<xs:attribute name="owner" tvpe="xs:normalizedString" use="optional"/>

</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tServices">
<xs:all>
<xs:element name="DynAssociation" type="scl:tServiceWithOptionalMax" minOccurs="0"/>
<xs:element name="SettingGroups" type="scl:tSettingGroups" minOccurs="0"/>
<xs:element name="GetDirectory" type="scl:tServiceYesNo" minOccurs="0"/>
<xs:element name="GetDataObjectDefinition" type="scl:tServiceYesNo" minOccurs="0"/>
<xs:element name="DataObjectDirectory" type="scl:tServiceYesNo" minOccurs="0"/>
<xs:element name="GetDataSetValue" type="scl:tServiceYesNo" minOccurs="0"/>
<xs:element name="SetDataSetValue" type="scl:tServiceYesNo" minOccurs="0"/>
<xs:element name="DataSetDirectory" type="scl:tServiceYesNo" minOccurs="0"/>
<xs:element name="ConfDataSet" type="scl:tServiceForConfDataSet" minOccurs="0%/>
<xs:element name="DynDataSet" type="scl:tServiceWithMaxAndMaxAttributes" ‘minOccurs="0"/>
<xs:element name="ReadWrite" type="scl:tServiceYesNo" minOccurs="0"/>
<xs:element name="TimerActivatedControl" type="scl:tServiceYesNo" min®ccurs="0"/>
<xs:element name="ConfReportControl" type="scl:tServiceConfReportControl" minOccurs="0"/>
<xs:element name="GetCBValues" type="scl:tServiceYesNo" minOgcclirs="0"/>
<xs:element name="ConfLogControl" type="scl:tServiceWithMaxNonZero" minOccurs="0"/>
<xs:element name="ReportSettings" type="scl:tReportSettings" minOccurs="0"/>
<xs:element name="LogSettings" type="scl:tLogSettings" minOccurs="0"/>
<xs:element name="GSESettings" type="scl:tGSESettings* minOccurs="0"/>
<xs:element name="SMVSettings" type="scl:tSMVSettings" minOccurs="0"/>
<xs:element name="GSEDir" type="scl:tServiceYesNa" minOccurs="0"/>
<xs:element name="GOOSE" type="scl:tGOOSEeapabilities" minOccurs="0"/>
<xs:element name="GSSE" type="scl:tServiceWithMax" minOccurs="0"/>
<xs:element name="SMVsc" type="scl:tSMVse™* minOccurs="0"/>
<xs:element name="FileHandling" type="scl:tFileHandling" minOccurs="0"/>
<xs:element name="ConfLNs" type="s¢ktConfLNs" minOccurs="0"/>
<xs:element name="ClientServices™type="scl:tClientServices" minOccurs="0"/>
<xs:element name="ConfLdName-\type="scl:tServiceYesNo" minOccurs="0"/>
<xs:element name="SupSubscfiption" type="scl:tSupSubscription" minOccurs="0"/>
<xs:element name="ConfSigRef" type="scl:tServiceWithMaxNonZero" minOccurs="0"/>
<xs:element name="ValuéHandling" type="scl:tValueHandling" minOccurs="0"/>
<xs:element name="RedProt" type="scl:tRedProt" minOccurs="0"/>
<xs:element name="TimeSyncProt" type="scl:tTimeSyncProt" minOccurs="0"/>
<xs:element ngme="CommProt" type="scl:tCommProt" minOccurs="0"/>
</xs:all>
<xs:attribute name="nameLength" use="optional" default="32">
<xs:simpleType>
<xs.restriction base="xs:token">
<xs:pattern value="32"/>
<xs:pattern value="64"/>
<xs:pattern value="6[5-9]"/>
<xs:pattern value="[7-91\d"/>
<xs:pattern value="[1-9]\d\d+"/>
</xs:restriction>
</xs:simpleType>
< /xs:attribute

</xs:complexType>
<xs:complexType name="tAccessPoint">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>
<xs:choice minOccurs="0">
<xs:element name="Server" type="scl:tServer">
<xs:unique name="uniqueAssociationInServer">
<xs:selector xpath="./scl:Association"/>
<xs:field xpath="@associationID"/>
</xs:unique>
</xs:element>
<xs:element ref="scl:LN" maxOccurs="unbounded"/>
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<xs:element name="ServerAt" type="tServerAt"/>

</xs:choice>

<xs:element name="Services" type="scl:tServices" minOccurs="0"/>

<xs:element name="GOOSESecurity" type="tCertificate" minOccurs="0" maxOccurs="7"/>

<xs:element name="SMVSecurity" type="tCertificate" minOccurs="0" maxOccurs="7"/>
</xs:sequence>
<xs:attribute name="name" type="tAccessPointName" use="required"/>
<xs:attribute name="router" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="clock" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="kdc" tvpe="xs:boolean" use="optional" default="false"/>

</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tCertificate">
<xs:complexContent>
<xs:extension base="tNaming">
<xs:sequence>
<xs:element name="Subject" type="tCert"/>
<xs:element name="IssuerName" type="tCert"/>
</xs:sequence>
<xs:attribute name="xferNumber" type="xs:unsignedInt" use="optional"/>
<xs:attribute name="serialNumber" use="required">
<xs:simpleType>
<xs:restriction base="xs:normalizedString">
<xs:minLength value="1"/>
<xs:pattern value="[0-9]+"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tCert">
<xs:attribute name="commonName" use="required">
<xs:simpleType>
<xs:restriction base="xs:normalizedString">
<xs:minLength value="4"/>
<xs:pattern value="none"/>
<xs:pattern value="CN=.+"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="idHierarchy* dse="required">
<xs:simpleType>
<xs:restriction base={"xs:normalizedString">
<xs:minLength value="1"/>
</xs:restriction>»
</xs:simpleType>
</xs:attribute>
</xs:complexType
<xs:complexTypename="tServerAt">
<xs:complexContent>
<xsiextension base="tUnNaming">
<xs:attribute name="apName" type="tAccessPointName" use="required"/>
</xs:extension>
<yxs:complexContent>
</XS:complexType>
<xs:complexType name="tServer">
<xs:complexContent>

xs:extension base="tl InN:\ming"

<xs:sequence>
<xs:element name="Authentication">
<xs:complexType>
<xs:attributeGroup ref="agAuthentication"/>
</xs:complexType>
</xs:element>
<xs:element name="LDevice" type="tLDevice" maxOccurs="unbounded">
<xs:unique name="uniqueLNInLDevice">
<xs:selector xpath="./scl:LN"/>
<xs:field xpath="@inst"/>
<xs:field xpath="@InClass"/>
<xs:field xpath="@prefix"/>
</xs:unique>
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</xs:element>
<xs:element name="Association" type="tAssociation" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="timeout" type="xs:unsignedInt" use="optional" default="30"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tLDevice">
<xs:complexContent>
<xs:extension base="tUnNaming">

<xs:sequence>
<xs:element ref="LN0"/>
<xs:element ref="LN" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="AccessControl" type="tAccessControl" minOccurs="0"/>
</xs:sequence>
<xs:attribute name="inst" type="tLDInst" use="required"/>
<xs:attribute name="IdName" type="tLDName" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tAccessControl" mixed="true">
<xs:complexContent>
<xs:extension base="tAnyContentFromOtherNamespace"/>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tAssociation">
<xs:attributeGroup ref="agLNRef"/>
<xs:attribute name="kind" type="tAssociationKindEnum" use="required"/*
<xs:attribute name="associationID" type="tAssociationID" use="optional"f>
</xs:complexType>
<xs:element name="LN0">
<xs:complexType>
<xs:complexContent>
<xs:extension base="tLN0Q"/>
</xs:complexContent>
</xs:complexType>
<xs:unique name="uniqueReportControlInLNO">
<xs:selector xpath="./scl:ReportControl"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unique name="uniqueLogControlInkNQ">
<xs:selector xpath="./scl:LogControl"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unique name="uniqueGSE€ontrolInLNO">
<xs:selector xpath="./scl*GSEControl"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unique name="uniqueSampledValueControlInLNQ">
<xs:selector xpath="./scl:SampledValueControl"/>
<xs:field Xpath="@name"/>
</xs:unjgue>
<xs:key\name="DataSetKeyLNO">
<Xs:selector xpath="./scl:DataSet"/>
<xs:field xpath="@name"/>
<yxs:key>
<xs:keyref name="ref2DataSetReportLNO" refer="DataSetkeyLN0Q">
<xs:selector xpath="./scl:ReportControl"/>
<xs:field xpath="@datSet"/>

(llyc- l(ml/rnf

<xs:keyref name="ref2DataSetLogLNQ" refer="DataSetKeyLNO">
<xs:selector xpath="./scl:LogControl"/>
<xs:field xpath="@datSet"/>

</xs:keyref>

<xs:keyref name="ref2DataSetGSELNQ" refer="DataSetKeyLN0">
<xs:selector xpath="./scl:GSEControl"/>
<xs:field xpath="@datSet"/>

</xs:keyref>

<xs:keyref name="ref2DataSetSVLNQ" refer="DataSetKeyLNQ">
<xs:selector xpath="./scl:SampledValueControl"/>
<xs:field xpath="@datSet"/>

</xs:keyref>

<xs:unique name="uniqueDOIinLNO">
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<xs:selector xpath="./scl:DOI"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unique name="uniqueLogInLNQ">
<xs:selector xpath="./scl:Log"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:element name="LN" type="tLN">
uni ="uniqueReportControlInl N">

<xs:selector xpath="./scl:ReportControl"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unique name="uniqueLogControlInLN">
<xs:selector xpath="./scl:LogControl"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:key name="DataSetKeyInLN">
<xs:selector xpath="./scl:DataSet"/>
<xs:field xpath="@name"/>
</xs:key>
<xs:keyref name="ref2DataSetReport" refer="DataSetKeyInLN">
<xs:selector xpath="./scl:ReportControl"/>
<xs:field xpath="@datSet"/>
</xs:keyref>
<xs:keyref name="ref2DataSetLog" refer="DataSetKeyInLN">
<xs:selector xpath="./scl:LogControl"/>
<xs:field xpath="@datSet"/>
</xs:keyref>
<xs:unique name="uniqueDOInLN">
<xs:selector xpath="./scl:DOI"/>
<xs:field xpath="@name"/>
</xs:unique>
<xs:unique name="uniqueLogInLN">
<xs:selector xpath="./scl:Log"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
<xs:complexType name="tAnyLN" abstract="true">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>
<xs:element name="DataSet" type="tDataSet" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="ReportControl" type="tReportControl" minOccurs="0" maxOccurs="unbounded"/>
<xs:element namée="LogControl" type="tLogControl" minOccurs="0" maxOccurs="unbounded"/>
<xs:element,.name="DOI" type="tDOI" minOccurs="0" maxOccurs="unbounded">
<xs:unigue name="uniqueSDI_DAIinDOI">
<xsrselector xpath="./scl:DAI|./scl:SDI"/>
<xs:field xpath="@name"/>
<xs:field xpath="@ix"/>
</xs:unique>
</xs:element>
<xs:element name="Inputs" type="tInputs" minOccurs="0">
<l--<xs:unique name="uniqueExtRefInInputs">
<xs:selector xpath="./scl:ExtRef"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@IdInst"/>
<xs:field xpath="@prefix"/>
<xs:field xpath="@InClass"/>

xs:field yp:ﬂ'h—"@lnTncf’"I/
<xs:field xpath="@doName"/>
<xs:field xpath="@daName"/>
<xs:field xpath="@intAddr"/>
</Xs:unique>-->
</xs:element>
<xs:element name="Log" type="scl:tLog" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="InType" type="tName" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tLN">
<xs:complexContent>
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<xs:extension base="tAnyLN">
<xs:attribute name="prefix" type="tPrefix" use="optional" default=""/>
<xs:attribute name="InClass" type="tLNClassEnum" use="required"/>
<xs:attribute name="inst" type="tLNInst" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tLNO">
<xs:complexContent>
<xs:extension base="tAnyl N">

<xs:sequence>
<xs:element name="GSEControl" type="tGSEControl" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="SampledValueControl" type="tSampledValueControl" minOccurs="0"
maxOccurs="unbounded"/>
<xs:element name="SettingControl" type="tSettingControl" minOccurs="0"/>
</xs:sequence>
<xs:attribute name="InClass" type="tLNClassEnum" use="required" fixed="LLNO"/>
<xs:attribute name="inst" type="xs:normalizedString" use="required" fixed=""/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tDataSet">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:choice maxOccurs="unbounded">
<xs:element name="FCDA" type="tFCDA"/>
</xs:choice>
<xs:attribute name="name" type="tDataSetName" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tFCDA">
<xs:attribute name="IdInst" type="tLDInst" use="optional"/>
<xs:attribute name="prefix" type="tPrefix" use="optional" default=""/>
<xs:attribute name="InClass" type="tLNClassEnum" use="optional"/>
<xs:attribute name="InInst" type="tLNInst" use="optional"/>
<xs:attribute name="doName" type="tFullDOName"{use="optional"/>
<xs:attribute name="daName" type="tFullAttributeName" use="optional"/>
<xs:attribute name="fc" type="tFCEnum" use=required"/>
<xs:attribute name="ix" type="xs:unsignedInt" use="optional"/>
</xs:complexType>
<xs:complexType name="tControl" abstract="true">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:attribute name="{iame" type="tCBName" use="required"/>
<xs:attribute name="datSet" type="tDataSetName" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tControlWithTriggerOpt" abstract="true">
<xs:complexContent>
<xs;extension base="tControl">
<xs:sequence>
<xs:element name="TrgOps" type="tTrgOps" minOccurs="0"/>
</xs:sequence>
<xs:attribute name="intgPd" type="xs:unsignedInt" use="optional" default="0"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
: n—"fTrgﬁpc">

<xs:attribute name="dchg" type="xs:boolean" use="optional" default="false"/>

<xs:attribute name="qchg" type="xs:boolean" use="optional" default="false"/>

<xs:attribute name="dupd" type="xs:boolean" use="optional" default="false"/>

<xs:attribute name="period" type="xs:boolean" use="optional" default="false"/>

<xs:attribute name="gi" type="xs:boolean" use="optional" default="true"/>
</xs:complexType>
<xs:complexType name="tReportControl">

<xs:complexContent>

<xs:extension base="tControlWithTriggerOpt">
<xs:sequence>
<xs:element name="OptFields">
<xs:complexType>
<xs:attributeGroup ref="agOptFields"/>
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</xs:complexType>

</xs:element>

<xs:element name="RptEnabled" type="tRptEnabled" minOccurs="0"/>
</xs:sequence>
<xs:attribute name="rptID" type="tMessageID" use="optional"/>
<xs:attribute name="confRev" type="xs:unsignedInt" use="required"/>
<xs:attribute name="buffered" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="bufTime" type="xs:unsignedInt" use="optional" default="0"/>
<xs:attribute name="indexed" type="xs:boolean" use="optional" default="true"/>

</xs:.extension>

< /xs:complexContent>
</xs:complexType>
<xs:complexType name="tRptEnabled">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>
<xs:element name="ClientLN" type="tClientLN" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
<xs:attribute name="max" use="optional" default="1">
<xs:simpleType>
<xs:restriction base="xs:unsignedInt">
<xs:minExclusive value="0"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tClientLN">
<xs:attributeGroup ref="agLNRef"/>
<xs:attribute name="apRef" type="tAccessPointName" use="optional’}/>
</xs:complexType>
<xs:complexType name="tLogControl">
<xs:complexContent>
<xs:extension base="tControlWithTriggerOpt">
<xs:attribute name="IdInst" type="tLDInst"use="optional"/>
<xs:attribute name="prefix" type="tPrefix" Wse="optional" default=""/>
<xs:attribute name="InClass" type="tLNClassEnum" use="optional" default="LLNQ"/>
<xs:attribute name="InInst" type="tLNInst" use="optional"/>
<xs:attribute name="logName" typé="tLogName" use="required"/>
<xs:attribute name="logEna" type="xs:boolean" use="optional" default="true"/>
<xs:attribute name="reasonCode" type="xs:boolean" use="optional" default="true"/>
<xs:attribute name="bufTime" type="xs:unsignedInt" use="optional" default="0"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tInputs">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:seguence>
<xsielement name="ExtRef" type="tExtRef" maxOccurs="unbounded"/>
</Xs:sequence>
</xs.extension>
</xs:complexContent>
</xsicomplexType>
<Xs:complexType name="tExtRef">
<xs:attributeGroup ref="scl:agDesc"/>
<xs:attribute name="iedName" type="tIEDNameOrRelative" use="optional"/>
<xs:attribute name="IdInst" type="tLDInst" use="optional"/>
<xs:attribute n =" " 1 iy _n : n‘/>

<xs:attribute name="InClass" type="tLNClassEnum" use="optional"/>
<xs:attribute name="InInst" type="tLNInst" use="optional"/>

<xs:attribute name="doName" type="tFullDOName" use="optional"/>
<xs:attribute name="daName" type="tFullAttributeName" use="optional"/>
<xs:attribute name="intAddr" type="xs:normalizedString" use="optional"/>
<xs:attribute name="serviceType" type="tServiceType" use="optional"/>
<xs:attribute name="srcLDInst" type="tLDInst" use="optional"/>
<xs:attribute name="srcPrefix" type="tPrefix" use="optional"/>
<xs:attribute name="srcLNClass" type="tLNClassEnum" use="optional"/>
<xs:attribute name="srcLNInst" type="tLNInst" use="optional"/>
<xs:attribute name="srcCBName" type="tCBName" use="optional"/>
<xs:attribute name="pServT" type="tServiceType" use="optional"/>
<xs:attribute name="pLN" type="tLNClassEnum" use="optional"/>
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<xs:attribute name="pD0O" type="tFullDOName" use="optional"/>
<xs:attribute name="pDA" type="tFullAttributeName" use="optional"/>
</xs:complexType>
<xs:complexType name="tLog">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:attribute name="name" type="tLogName" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>

<xs:complexType name="tControlWithIEDName">
<xs:complexContent>
<xs:extension base="tControl">
<xs:sequence>
<xs:element name="IEDName" minOccurs="0" maxOccurs="unbounded">
<xs:complexType>
<xs:simpleContent>
<xs:extension base="tIEDName">
<xs:attribute name="apRef" type="tAccessPointName" use="optional"/>
<xs:attribute name="IdInst" type="tLDInst" use="optional"/>
<xs:attribute name="prefix" type="tPrefix" use="optional"/>
<xs:attribute name="InClass" type="tLNClassEnum" use="optiohal"/>
<xs:attribute name="InInst" type="tLNInst" use="optional"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="confRev" type="xs:unsignedInt" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tProtocol">
<xs:simpleContent>
<xs:extension base="xs:normalizedString">
<xs:attribute name="mustUnderstand" type="xs:boolean" use="required" fixed="true"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tGSEControl">
<xs:complexContent>
<xs:extension base="tControlWithIEDName">
<xs:sequence>
<xs:element name="Rrotocol" type="tProtocol" fixed="R-GOOSE" minOccurs="0"/>
</xs:sequence>
<xs:attribute name="type" type="tGSEControlTypeEnum" use="optional" default="GOOSE"/>
<xs:attribute name="appID" type="tMessageID" use="required"/>
<xs:attribute hame="fixedOffs" type="xs:boolean" use="optional" default="false"/>
<xs:attribute-hame="securityEnable" type="scl:tPredefinedTypeOfSecurityEnum" use="optional"
default="None"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tSampledValueControl">
<xs:complexContent>
<xs:extension base="tControlWithIEDName">
<xs:sequence>
<xs:element name="SmvOpts">

<xs:complexType>
xs:attributeGroup ref="agSmvQpts"/>
e =) P~

</xs:complexType>

</xs:element>

<xs:element name="Protocol" type="tProtocol" fixed="R-SV" minOccurs="0"/>
</xs:sequence>
<xs:attribute name="smvID" type="tMessageID" use="required"/>
<xs:attribute name="multicast" type="xs:boolean" default="true"/>
<xs:attribute name="smpRate" type="xs:unsignedInt" use="required"/>
<xs:attribute name="nofASDU" type="xs:unsignedInt" use="required"/>
<xs:attribute name="smpMod" type="tSmpMod" use="optional" default="SmpPerPeriod"/>
<xs:attribute name="securityEnable" type="tPredefinedTypeOfSecurityEnum" use="optional"

default="None"/>
</xs:extension>
</xs:complexContent>
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</xs:complexType>
<xs:complexType name="tSettingControl">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:attribute name="numOfSGs" use="required">
<xs:simpleType>
<xs:restriction base="xs:unsignedInt">
<xs:minInclusive value="1"/>
</xs:restriction>
</xs:simpleType>

© IEC 2018

</xs:attribute>
<xs:attribute name="actSG" use="optional" default="1">
<xs:simpleType>
<xs:restriction base="xs:unsignedInt">
<xs:minInclusive value="1"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="resvTms" type="xs:unsignedShort" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tDOI">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:choice minOccurs="0" maxOccurs="unbounded" >
<xs:element name="SDI" type="tSDI">
<xs:unique name="uniqueSDI_DAIinSDI">
<xs:selector xpath="./scl:DAI|./scl:SDI"/>
<xs:field xpath="@name"/>
<xs:field xpath="@ix"/>
</xs:unique>
</xs:element>
<xs:element name="DAI" type="tDAI"/>
</xs:choice>
<xs:attribute name="name" type="tDataName' tise="required"/>
<xs:attribute name="ix" type="xs:unsignedIfit" use="optional"/>
<xs:attribute name="accessControl" type="xs:normalizedString" use="optional"/>
</xs:extension>
< /xs:complexContent>
</xs:complexType>
<xs:complexType name="tSDI">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:choice minOccurs='0" maxOccurs="unbounded">
<xs:element, name="SDI" type="tSDI"/>
<xs:element-jame="DAI" type="tDAI"/>
</xs:choice>
<xs:attribute-hame="name" type="tAttributeNameEnum" use="required"/>
<xs:attribute name="ix" type="xs:unsignedInt" use="optional"/>
<xs:attribute name="sAddr" type="xs:normalizedString" use="optional"/>
</xswextension>
</xs:complexContent>
</xs:compleXType>
<xs:€omplexType name="tDAI">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>

<xs:element name="Val" type="tVal" minOccurs="0" maxOccurs="unbounded"/>
</xs: sequence>

<xs:attribute name="name" type="tAttributeNameEnum" use="required"/>
<xs:attribute name="sAddr" type="xs:normalizedString" use="optional"/>
<xs:attribute name="valKind" type="tValKindEnum" use="optional"/>
<xs:attribute name="ix" type="xs:unsignedInt" use="optional"/>
<xs:attribute name="vallmport" type="xs:boolean" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tServiceYesNo"/>
<xs:complexType name="tServiceWithOptionalMax" >
<xs:attribute name="max" type="xs:unsignedInt" use="optional"/>
</xs:complexType>
<xs:complexType name="tServiceWithMax">
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<xs:attribute name="max" type="xs:unsignedInt" use="required"/>
</xs:complexType>
<xs:complexType name="tServiceWithMaxNonZero">
<xs:attribute name="max" use="required">
<xs:simpleType>
<xs:restriction base="xs:unsignedInt">
<xs:minExclusive value="0"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>

</xs:complexType>
<xs:complexType name="tServiceConfReportControl">
<xs:complexContent>
<xs:extension base="tServiceWithMax">
<xs:attribute name="bufMode" use="optional" default="both">
<xs:simpleType>
<xs:restriction base="xs:Name">
<xs:enumeration value="unbuffered"/>
<xs:enumeration value="buffered"/>
<xs:enumeration value="both"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="bufConf" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="maxBuf" type="xs:unsignedInt" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tServiceWithMaxAndMaxAttributes">
<xs:complexContent>
<xs:extension base="tServiceWithMax">
<xs:attribute name="maxAttributes" use="optional">
<xs:simpleType>
<xs:restriction base="xs:unsignedInt">
<xs:minExclusive value="0"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:extension>
< /xs:complexContent>
</xs:complexType>
<xs:complexType name="tServiceWithMaxAndModify">
<xs:complexContent>
<xs:extension base="tServieeWithMax">
<xs:attribute name="{modify" type="xs:boolean" use="optional" default="true"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tServiceForConfDataSet">
<xs:complexCantent>
<xs:extension base="tServiceWithMaxAndMaxAttributes">
<Xs:attribute name="modify" type="xs:boolean" use="optional" default="true"/>
</xs.extension>
</xs:complexContent>
</xsicomplexType>
<Xs:complexType name="tClientServices">
<xs:sequence>
<xs:element name="TimeSyncProt" type="scl:tTimeSyncProt" minOccurs="0"/>
<xs:element name="McSecurity" type="scl:tMcSecurity" minOccurs="0"/>

</xs: sequence

<xs:attribute name="goose" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="gsse" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="bufReport" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="unbufReport" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="readLog" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="sv" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="supportsLdName" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="maxAttributes" use="optional">

<xs:simpleType>

<xs:restriction base="xs:unsignedInt"/>

</xs:simpleType>
</xs:attribute>
<xs:attribute name="maxReports" use="optional">
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<xs:simpleType>
<xs:restriction base="xs:unsignedInt"/>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="maxGOOSE" use="optional">
<xs:simpleType>
<xs:restriction base="xs:unsignedInt"/>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="maxSMV" use="optional">

<xs:simpleType>
<xs:restriction base="xs:unsignedInt"/>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="rGOOSE" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="rSV" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="nolctBinding" type="xs:boolean" use="optional" default="false"/>
</xs:complexType>
<xs:complexType name="tServiceSettings" abstract="true">
<xs:attribute name="cbName" type="tServiceSettingsNoDynEnum" use="optional" default="Fix"/>
<xs:attribute name="datSet" type="tServiceSettingsEnum" use="optional" default="Fix"/>
</xs:complexType>
<xs:complexType name="tReportSettings">
<xs:complexContent>
<xs:extension base="tServiceSettings">
<xs:attribute name="rptID" type="tServiceSettingsEnum" use="optional" default="Fix"/>
<xs:attribute name="optFields" type="tServiceSettingsEnum" use="optiohal" default="Fix"/>
<xs:attribute name="bufTime" type="tServiceSettingsEnum" use=""pptional" default="Fix"/>
<xs:attribute name="trgOps" type="tServiceSettingsEnum" use="optional" default="Fix"/>
<xs:attribute name="intgPd" type="tServiceSettingsEnum" use=“optional" default="Fix"/>
<xs:attribute name="resvTms" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="owner" type="xs:boolean" use="optional" default="false"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tLogSettings">
<xs:complexContent>
<xs:extension base="tServiceSettings">
<xs:attribute name="logEna" type="tServiceSettingsEnum" use="optional" default="Fix"/>
<xs:attribute name="trgOps" type="tServiceSettingsEnum" use="optional" default="Fix"/>
<xs:attribute name="intgPd" type="tServiceSettingsEnum" use="optional" default="Fix"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tGSESettings">
<xs:complexContent>
<xs:extension base="tServiceSettings">
<xs:sequence>
<xs:element name="McSecurity" type="scl:tMcSecurity" minOccurs="0"/>
</xs:sequence>
<xs:attribute name="appID" type="tServiceSettingsEnum" use="optional" default="Fix"/>
<xs:attribute name="datalLabel" type="tServiceSettingsEnum" use="optional" default="Fix"/>
<x5:attribute name="kdaParticipant" type="xs:boolean" use="optional" default="false"/>
<[Xs:extension>
</xs:complexContent>
< /s complexType>
<xs:complexType name="tSMVSettings">
<xs:complexContent>

<xs:extension base="tServiceSettings">
(YC'CQ!_'I‘I lence>

<xs:choice maxOccurs="unbounded">
<xs:element name="SmpRate">
<xs:simpleType>
<xs:restriction base="xs:unsignedInt">
<xs:minExclusive value="0"/>
</xs:restriction>
</xs:simpleType>
</xs:element>
<xs:element name="SamplesPerSec">
<xs:simpleType>
<xs:restriction base="xs:unsignedInt">
<xs:minExclusive value="0"/>
</xs:restriction>
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</xs:simpleType>
</xs:element>
<xs:element name="SecPerSamples">
<xs:simpleType>
<xs:restriction base="xs:unsignedInt">
<xs:minExclusive value="0"/>
</xs:restriction>
</xs:simpleType>
</xs:element>
</xs:choice>

<xs:element name="McSecurity" type="scl:tMcSecurity" minOccurs="0"/>
</xs:sequence>
<xs:attribute name="svID" type="tServiceSettingsEnum" use="optional" default="Fix"/>
<xs:attribute name="optFields" type="tServiceSettingsEnum" use="optional" default="Fix"/>
<xs:attribute name="smpRate" type="tServiceSettingsEnum" use="optional" default="Fix"/>
<xs:attribute name="samplesPerSec" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="pdcTimeStamp" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="synchSrclId" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="nofASDU" type="tServiceSettingsNoDynEnum" use="optional" default="Eix"/>
<xs:attribute name="kdaParticipant" type="xs:boolean" use="optional" default="false"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tConfLNs">
<xs:attribute name="fixPrefix" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="fixLnInst" type="xs:boolean" use="optional" default="false"/>
</xs:complexType>
<xs:complexType name="tValueHandling">
<xs:attribute name="setToRO" type="xs:boolean" use="optional" default=!false"/>
</xs:complexType>
<xs:complexType name="tFileHandling">
<xs:complexContent>
<xs:extension base="tServiceYesNo">
<xs:attribute name="mms" type="xs:boolean" use="optional" default="true"/>
<xs:attribute name="ftp" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="ftps" type="xs:boolean*,use="optional" default="false"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tGOOSEcapabilities" >
<xs:complexContent>
<xs:extension base="tServiceWithMax">
<xs:attribute name="fixedOffs" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="goase" type="xs:boolean" use="optional" default="true"/>
<xs:attribute name="fGOOSE" type="xs:boolean" use="optional" default="false"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tRedProt">
<xs:attribute name="hsr" type="xs:boolean" use="optional" default="false"/>
<xs:attribute fiame="prp" type="xs:boolean" use="optional" default="false"/>
<xs:attribute/name="rstp" type="xs:boolean" use="optional" default="false"/>
</xs:complexType>
<xs:complexType name="tTimeSyncProt">
<xs:complexContent>
<xs:extension base="tServiceYesNo">
<xs:attribute name="sntp" type="xs:boolean" use="optional" default="true"/>
<xs:attribute name="iec61850_9_3" type="xs:boolean" use="optional" default="false"/>

<xs:attribute name="c37_238" type="xs:boolean" use="optional" default="false"/>
<xs'attribute n =", " ="¥g* " =" i " dnf;mlf—"f:\lcp"‘/>

</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tSMVsc">
<xs:complexContent>
<xs:extension base="tServiceWithMax">
<xs:attribute name="delivery" type="tSMVDeliveryEnum" use="optional" default="multicast"/>
<xs:attribute name="deliveryConf" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="sv" type="xs:boolean" use="optional" default="true"/>
<xs:attribute name="rSV" type="xs:boolean" use="optional" default="false"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
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<xs:complexType name="tSupSubscription">
<xs:attribute name="maxGo" type="xs:unsignedInt" use="required"/>
<xs:attribute name="maxSv" type="xs:unsignedInt" use="required"/>
</xs:complexType>
<xs:complexType name="tCommProt">
<xs:complexContent>
<xs:extension base="tServiceYesNo">
<xs:attribute name="ipv6" type="xs:boolean" use="optional" default="false"/>
</xs:extension>
</xs:complexContent>

</xs:complexType>
<xs:complexType name="tMcSecurity">
<xs:attribute name="signature" type="xs:boolean" use="optional" default="false"/>
<xs:attribute name="encryption" type="xs:boolean" use="optional" default="false"/>
</xs:complexType>
<xs:complexType name="tKDC">
<xs:attribute name="iedName" type="tIEDName" use="required"/>
<xs:attribute name="apName" type="tAccessPointName" use="required"/>
</xs:complexType>
<xs:complexType name="tSettingGroups">
<xs:all>
<xs:element name="SGEdit" minOccurs="0">
<xs:complexType>
<xs:complexContent>
<xs:extension base="tServiceYesNo">
<xs:attribute name="resvTms" type="xs:boolean" use="optional" default="false"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
</xs:element>
<xs:element name="ConfSG" minOccurs="0">
<xs:complexType>
<xs:complexContent>
<xs:extension base="tServiceYesNo">
<xs:attribute name="resvTms" type=!xs:boolean" use="optional" default="false"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
</xs:element>
</xs:all>
</xs:complexType>
<xs:element name="IED" type="tIED">
<xs:key name="LDeviceInIEDKey"5>
<xs:selector xpath="./scl:AccessPoint/scl:Server/scl:LDevice"/>
<xs:field xpath="@inst"/>
</xs:key>
<xs:keyref name="ref2lDeviceInDataSetForFCDAInLN" refer="LDeviceInIEDKey">
<xs:selector xpath="./scl:AccessPoint/scl:Server/scl:LDevice/scl:LN/scl:DataSet/scl:FCDA"/>
<xs:field xpath="@IdInst"/>
</xs:keyref>
<xs:keyref natne="ref2LDeviceInDataSetForFCDAINLNOQ" refer="LDeviceInIEDKey">
<xs;selector xpath="./scl:AccessPoint/scl:Server/scl:LDevice/scl:LNO/scl:DataSet/scl:FCDA"/>
<xsifield xpath="@IdInst"/>
</xs:keyref>
<xs:key name="AccessPointInIEDKey">
<xs:selector xpath="./scl:AccessPoint"/>
<xs:field xpath="@name"/>
</xs:key>
<xs:keyref name="ServerAtRef2AccessPoint" refer="AccessPointInIEDKey">
xs:selector yp;ﬁ'h—" ’/crl-Arrnchnint'/crI-Cnr\mrm'"/

<xs:field xpath="@apName"/>
</xs:keyref>
</xs:element>

</xs:schema>

<CODE ENDS>
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A.5 Communication subnetworks
File SCL_Communication.xsd
<CODE BEGINS>

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema" xmins:scl="http://www.iec.ch/61850/2003/SCL"

= T eC. =‘fttp//www.ieC.ch/618507/2003/SCE
elementFormDefault="qualified" attributeFormDefault="unqualified" version="2007B4">
<xs:annotation>
<xs:documentation xml:lang="en">
SCL schema version "2007" revision "B" release 4, for IEC 61850-6 Ed. 2.1.

COPYRIGHT (c) IEC, 2016. All rights reserved. Disclaimer: The IEC disclaims liability for any personal injury,
property or other damages of any nature whatsoever, whether special, indirect, consequential or compensatorypdirectly or
indirectly resulting from this software and the document upon which its methods are based, use of, or reliance upon.

</xs:documentation>
</xs:annotation>
<xs:include schemalocation="SCL_BaseTypes.xsd"/>
<xs:complexType name="tControlBlock" abstract="true">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>
<xs:element name="Address" type="tAddress" minOccurs="0"/>
</xs:sequence>
<xs:attribute name="IdInst" type="tLDInst" use="required"/>
<xs:attribute name="cbName" type="tCBName" use="required?/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tCommunication">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>
<xs:element name="SubNetwork" type="tSubNetwork" maxOccurs="unbounded">
<xs:unique name="uniqueConnegtedAP">
<xs:selector xpath="./sel: ConnectedAP"/>
<xs:field xpath="@iedName"/>
<xs:field xpath="@apName"/>
</xs:unique>
</xs:element>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType namé="tSubNetwork">
<xs:complexContent>
<xs:extension base="tNaming">
<x§:sequence>
Zxs:element name="BitRate" type="tBitRateInMbPerSec" minOccurs="0"/>
<xs:element name="ConnectedAP" type="tConnectedAP" maxOccurs="unbounded">
<xs:unique name="uniqueGSEinConnectedAP">
<xs:selector xpath="./scl:GSE"/>
<xs:field xpath="@cbName"/>
<xs:field xpath="@IdInst"/>
</xs:unique>
<xs:unique name="uniqueSMVinConnectedAP">

<XS:Selector Xpatn="./scl.SMV"/>
<xs:field xpath="@cbName"/>
<xs:field xpath="@IdInst"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="type" use="optional">
<xs:simpleType>
<xs:restriction base="xs:normalizedString">
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:extension>
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</xs:complexContent>
</xs:complexType>
<xs:complexType name="tConnectedAP">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>
<xs:element name="Address" type="tAddress" minOccurs="0"/>
<xs:element name="GSE" type="tGSE" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="SMV" type="tSMV" minOccurs="0" maxOccurs="unbounded"/>
<Xs: =" " ="tPhysConn" minOccurs="0" maxQccurs="unbounded">

<xs:unique name="uniquePTypeInPhysConn">
<xs:selector xpath="./scl:P"/>
<xs:field xpath="@type"/>
</xs:unique>
</xs:element>
</xs:sequence>
<xs:attribute name="iedName" type="tIEDName" use="required"/>
<xs:attribute name="apName" type="tAccessPointName" use="required"/>
<xs:attribute name="redProt" type="scl:tRedProtEnum" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tAddress">
<xs:sequence>
<xs:element name="P" type="tP" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
<xs:complexType name="tGSE">
<xs:complexContent>
<xs:extension base="tControlBlock">
<xs:sequence>
<xs:element name="MinTime" type="tDurationInMilliSec" minOccurs="0"/>
<xs:element name="MaxTime" type="tDurationInMilliSec" minOccurs="0"/>
</xs:sequence>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tSMV">
<xs:complexContent>
<xs:extension base="tControlBlock"/>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tPhysConn">
<xs:complexContent>
<xs:extension base="tUnNaming">
<xs:sequence>
<xs:elementiame="P" type="tP_PhysConn" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequences
<xs:attribute-hame="type" type="tPhysConnTypeEnum" use="required"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexIype name="tP_PhysConn">
<xsisithpleContent>
<xs:extension base="tPAddr">
<xs:attribute name="type" type="tPTypePhysConnEnum" use="required"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
: o="tp"

<xs:simpleContent>
<xs:extension base="tPAddr">
<xs:attribute name="type" type="tPTypeEnum" use="required"/>
</xs:extension>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_IPbase" abstract="true">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:pattern value="([0-9]{1,2}|1[0-91{2}|2[0-4][0-9]| 25[0-5])\.([0-91{1,2}] 1[0-9]{2}|2[0-4][0-9]| 25[ O-
5D\.([0-91{1,2}|1[0-9K2}|2[0-4][0-9]25[0-5])\.([0-91{1,2}| 1[0-9]{2}|2[0-4][0-9]|25[ 0-5])" id="TPv4"/>
</xs:restriction>
</xs:simpleContent>
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</xs:complexType>
<xs:complexType name="tP_IP">
<xs:simpleContent>
<xs:restriction base="tP_IPbase">
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="IP"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_IP-SUBNET">
<xs:simpleContent>

<xs:restriction base="tP_IPbase">
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="IP-SUBNET"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_IP-GATEWAY">
<xs:simpleContent>
<xs:restriction base="tP_IPbase">
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="IP-GATEWAY"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_IPv6base" abstract="true">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:pattern value="([0-9a-f]{1,4}:){7}[0-9a-f]{1,4}" id="IPv6"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_IPv6">
<xs:simpleContent>
<xs:restriction base="tP_IPv6base">
<xs:attribute name="type" type="tPTypeEnum" use=*required" fixed="IPv6"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_IPv6-SUBNET">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:pattern value="/[1-9]|/[1-9]1[049}|/1[0-1][0-9]|/12[0-7]" id="IPv6_Subnet"/>
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="IPv6-SUBNET"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_IPv6-GATEWAY">
<xs:simpleContent>
<xs:restriction base="tP_IPv6base">
<xs:attribute hame="type" type="tPTypeEnum" use="required" fixed="IPv6-GATEWAY"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_DNSName">
<xs:simpleContent>
<XS:testriction base="tP">
<xs:pattern value="\S*"/>
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="DNSName"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>

<xs:complexType name="tP_IPv6Elowlabel">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:pattern value="[0-9a-fA-F1{1,5}"/>
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="IPv6FlowLabel"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_OSI-NSAP">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:maxLength value="40"/>
<xs:pattern value="[0-9A-F]+"/>
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="0OSI-NSAP"/>
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</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_OSI-TSEL">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:maxLength value="8"/>
<xs:pattern value="[0-9A-F]+"/>
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="0OSI-TSEL"/>
</xs:.restriction>

</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_OSI-SSEL">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:maxLength value="16"/>
<xs:pattern value="[0-9A-F]+"/>
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="0OSI-SSEL"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_OSI-PSEL">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:maxLength value="16"/>
<xs:pattern value="[0-9A-F]+"/>
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="OSI-PSEL"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_OSI-AP-Title">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:pattern value="[0-9&#44;]+"/>
<xs:attribute name="type" type="tPTypeEnum" uSe="required" fixed="0SI-AP-Title"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_OSI-AP-Invoke">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:maxLength value="5"/>
<xs:pattern value="[0-9]+!'/>
<xs:attribute name="type"type="tPTypeEnum" use="required" fixed="0OSI-AP-Invoke"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP._OSI-AE-Qualifier">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:maxLength value="5"/>
<Xs:pattern value="[0-9]+"/>
<x5:attribute name="type" type="tPTypeEnum" use="required" fixed="0SI-AE-Qualifier"/>
<[Xs:restriction>
</xs:simpleContent>
< /s complexType>
<xs:complexType name="tP_OSI-AE-Invoke">
<xs:simpleContent>
<xs:restriction base="tP">

<xs:maxl pngfh value="5"/>
<xs:pattern value="[0-9]+"/>
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="0OSI-AE-Invoke"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_MAC-Address">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:pattern value="[0-9A-FI{2}\-[0-9A-F]{2}\-[0-9A-F]{2}\-[0-9A-F]{2}\-[0-9A-F]{2}\-[0-9A-FI{2}"/>
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="MAC-Address"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
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<xs:complexType name="tP_APPID">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:pattern value="[0-9A-FI{4}"/>
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="APPID"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_VLAN-PRIORITY">
<xs:simpleContent>

<xs:restriction base="tP">
<xs:pattern value="[0-7]"/>
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="VLAN-PRIORITY"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_VLAN-ID">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:pattern value="[0-9A-FI{3}"/>
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="VLAN-ID"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_Port" abstract="true">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:pattern value="0"/>
<xs:pattern value="[1-9][0-91{0,3}"/>
<xs:pattern value="[1-5][0-91{4,4}"/>
<xs:pattern value="6[0-4][0-91{3,3}"/>
<xs:pattern value="65[0-4][0-9]{2,2}"/>
<xs:pattern value="655[0-2][0-9]"/>
<xs:pattern value="6553[0-5]"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_SNTP-Port">
<xs:simpleContent>
<xs:restriction base="tP_Port">
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="SNTP-Port"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_MM8&-Port">
<xs:simpleContent>
<xs:restriction base="tP_Port">
<xs:attribute hame="type" type="tPTypeEnum" use="required" fixed="MMS-Port"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_UDP-Port">
<xs:simpleContent>
<Xs:restriction base="tP_Port">
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="IP-UDP-PORT"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_TCP-Port">

(yc-cimplp(‘nnhani—>
<xs:restriction base="tP_Port">
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="IP-TCP-PORT"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_IPv6ClassOfTraffic">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:pattern value="[0-9]|[1-9][0-9]| 1[0-9]{2}|2[0-4][0-9]|25[0-5]" id="Values0-255"/>
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="IPv6ClassOfTraffic"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
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<xs:complexType name="tP_C37-118-IP-Port">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:pattern value="102[5-9]|10[3-9][0-9]|1[1-9][0-9][0-9]|[2-9][0-9]{3}|[1-5][0-9]{4}|6[0-4][0-91{3}|65[0-
4][0-91{2}|655[0-2][0-9]|6553[0-5]" id="Values1025-65535"/>
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="C37-118-IP-Port"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>

<xs:complexType name="tP_IPv6-IGMPv3Src">

<xs:simpleContent>
<xs:restriction base="tP_IPv6base">
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="IPv6-IGMPv3Src"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_IP-IGMPv3Src">
<xs:simpleContent>
<xs:restriction base="tP_IPbase">
<xs:attribute name="type" type="tPTypeEnum" use="required" fixed="IP-IGMPv3Src"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:complexType name="tP_IP-ClassOfTraffic">
<xs:simpleContent>
<xs:restriction base="tP">
<xs:maxLength value="2"/>
<xs:pattern value="[0-9A-F]+"/>
<xs:attribute name="type" type="tPTypeEnum" use="required* fixed="IP-ClassOfTraffic"/>
</xs:restriction>
</xs:simpleContent>
</xs:complexType>
<xs:element name="Communication" type="tCommunication">
<xs:unique name="uniqueSubNetwork">
<xs:selector xpath="./scl:SubNetwork"/>
<xs:field xpath="@name"/>
</xs:unique>
</xs:element>
</xs:schema>

<CODE ENDS>
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A.6 Main SCL
File SCL.xsd
<CODE BEGINS>

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:scl="http://www.iec.ch/61850/2003/SCL" xmIns="http://www.iec.ch/61850/2003/SCL"

TXo— T W3 =“httpr//www . iecth/618507/20037/SCE
elementFormDefault="qualified" attributeFormDefault="unqualified" finalDefault="extension" version="2007B4">
<xs:annotation>
<xs:documentation xml:lang="en">
SCL schema version "2007" revision "B" release 4, for IEC 61850-6 Ed. 2.1.
Supersedes "2007B3".

COPYRIGHT (c) IEC, 2016. All rights reserved. Disclaimer: The IEC disclaims liability for any personal,injary,
property or other damages of any nature whatsoever, whether special, indirect, consequential or compensatary; directly or
indirectly resulting from this software and the document upon which its methods are based, use of, or reliance”upon.

Implemented Ed. 2 Tissues (since "2007B"): 948, 1050, 1175, 1189, 1208, 1328, 1359, 1365, 1397, 1434, 1448,
1450, 1458, 1472.
Tissues not relevant for the SCL schema (since "2007B"): 706 (Ed.3), 837, 847, 865,°873, 883, 884, 885, 938, 949,
961, 1048, 1054, 1059, 1118, 1130, 1131, 1147, 1161, 1168, 1170 (Ed.3), 1173,'1185, 1188, 1195, 1200, 1204,
1207, 1221, 1224, 1241 (Ed.3), 1255, 1257 (Ed.3), 1280, 1284, 1327, 1337, 1354, 1395, 1398, 1399, 1400, 1401,
1402, 1415, 1416, 1419, 1421, 1431, 1444, 1445, 1446, 1447, 1451, 1452(1457, 1461, 1471.
</xs:documentation>
</xs:annotation>
<xs:include schemalocation="SCL_Substation.xsd"/>
<xs:include schemalocation="SCL_IED.xsd"/>
<xs:include schemalocation="SCL_Communication.xsd"/>
<xs:include schemalocation="SCL_DataTypeTemplates.xsd"/>
<xs:element name="SCL">
<xs:complexType>
<xs:complexContent>
<xs:extension base="tBaseElement">
<Xs:sequence>
<xs:element name="Header" ¢ype="tHeader">
<xs:unique name="uniqueHitem">
<xs:selector xpati=":/scl:History/scl:Hitem"/>
<xs:field xpath="@version"/>
<xs:field xpath="@revision"/>
</xs:unique>
</xs:element>
<xs:element.ref="Substation" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="Communication" minOccurs="0"/>
<xs:elemént ref="IED" minOccurs="0" maxOccurs="unbounded"/>
<x$:element ref="DataTypeTemplates" minOccurs="0"/>
<xs:element ref="Line" minOccurs="0" maxOccurs="unbounded"/>
<xs:element ref="Process" minOccurs="0" maxOccurs="unbounded"/>
y/xs:sequence>
Zxs:attribute name="version" type="tSclVersion" use="required" fixed="2007"/>
<xs:attribute name="revision" type="tSclRevision" use="required" fixed="B"/>
<xs:attribute name="release" type="tScIRelease" use="required" fixed="4"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:key name="SubstationKey">
<xs:selector xpath="./scl:Substation|./scl:Process|./scl:Line"/>

<XS:TIeld Xpath="@name />

</xs:key>

<xs:key name="IEDKey">
<xs:selector xpath="./scl:IED"/>
<xs:field xpath="@name"/>

</xs:key>

<xs:key name="LNodeTypeKey">
<xs:selector xpath="./scl:DataTypeTemplates/scl:LNodeType"/>
<xs:field xpath="@id"/>
<xs:field xpath="@InClass"/>

</xs:key>

<xs:keyref name="ref2LNodeTypeDomainl" refer="LNodeTypeKey">
<xs:selector xpath="./scl:IED/scl:AccessPoint/scl:LN"/>
<xs:field xpath="@InType"/>
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<xs:field xpath="@InClass"/>

</xs:keyref>

<xs:keyref name="ref2LNodeTypeDomain2" refer="LNodeTypeKey">
<xs:selector xpath="./scl:IED/scl:AccessPoint/scl:Server/scl:LDevice/scl:LN"/>
<xs:field xpath="@InType"/>
<xs:field xpath="@InClass"/>

</xs:keyref>

<xs:keyref name="ref2LNodeTypelLLNO" refer="LNodeTypeKey">
<xs:selector xpath="./scl:IED/scl:AccessPoint/scl:Server/scl:LDevice/scl:LN0"/>
<xs:field xpath="@InType"/>

<xs:field xpath="@InClass"/>

</xs:keyref>

<xs:keyref name="refConnectedAP2IED" refer="IEDKey">
<xs:selector xpath="./scl:Communication/scl:SubNetwork/scl:ConnectedAP"/>
<xs:field xpath="@iedName"/>

</xs:keyref>

<xs:keyref name="ref2SubstationFromTerminal" refer="scl:SubstationKey">
<xs:selector xpath=".//scl:Terminal"/>
<xs:field xpath="@substationName"/>

</xs:keyref>

<xs:key name="ConnectivityNodeKey" >
<xs:selector xpath=".//scl:ConnectivityNode"/>
<xs:field xpath="@pathName"/>

</xs:key>

</xs:element>
</xs:schema>

<CODE ENDS>
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Annex B
(informative)

SCL enumerations according to IEC 61850-7-3 and IEC 61850-7-4

The enumeration definitions related to IEC 61850-7-2, -7-3 and -7-4 can be found in the
respective second editions.
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Annex C
(informative)

Syntax extension examples

C.1 Extension syntax for drawing layout coordinates

This annex defines a simple SCL extension to add coordinates to objects, so that they can be
easily shown on a drawing. This is sufficient for a lot of drawing tasks, and serves here as an
example of an extension of the SCL language by another name space.

The handling (for example drawing) of object connections as well as the packaging of objects
into drawing pages is private to the interpreting application. Typical drawings could be that of
a substation as substation single line, a bay as bay single line and the commuhigation section
as a communication configuration drawing.

The coordinate system is a relative x, y system with coordinates~using positive integer
numbers. The point (0,0) is the upper left point of a drawing plane” which is unlimited to
downwards and right direction. The unit 1 principally refers to the size of an object. If different
object sizes are used, then 1 is the size of the smallest_ object. However, transport of
coordinates between different drawing applications might)din this case lead to strange
representations.

If coordinates are defined at different SCL tag hierarchy levels, then each level contains
coordinates relative to the higher level. The absolute coordinate of a lower level is thus
calculated by summing up all higher level coordinates, and the object coordinates themselves.
If there are no coordinates defined at a higherlevel, then (x,y) = (0,0) is assumed.

This is illustrated in Figure C.1. Here, forsexample, the bay 3 of Substation 1 voltageLevel 1
has the absolute coordinates (0+1+8, 0+1+4) = (9,5) within a picture showing the substation
1, or even both substations.

VoltagelLeve!

ubstation
VoltagelLeve

Figure C.1 — Coordinate example
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Similarly the coordinates at IEDs and the SubNetworks of the Communication section can be
used to place them into a communication configuration diagram. In this case, as no hierarchy
is implied, the coordinates are absolute in the x,y plane.

Additional XML elements:

Only the additional XML attributes x and y for the coordinates in the x and y direction are

needed in addition to the SCI olomnnfe which ronroennf drawahla nhlnr\fe Aﬁlrllhr\ngll\/ the

optional attribute dir with the value hor/zontal or vert/ca/ can give the preferred connectlon
direction of the object. If this attribute is defined at a bay, this means that all contained
primary devices are oriented vertically, except those where another value of dir is explicitly
stated. The coordinate name space shall be

http://www.iec.ch/61850/2003/SCLcoordinates.

An appropriate XML schema definition e.g. as a file SCL_Coordinates.xsd is:

<xs:schema targetNamespace="http://www.iec.ch/61850/2003/SCLcoordinates"
xmins:xs="http://www.w3.0rg/2001/XMLSchema" xmIns="http://www.iec.ch/61850/2003/SCLcoordinates"
elementFormDefault="qualified" attributeFormDefault="unqualified" version="1.0">
<xs:annotation>
<xs:documentation xml:lang="en">
COPYRIGHT IEC, 2005. Version 1.0. Release 2005/09/11.
This schema is for infomational purposes only, and is not normative!
</xs:documentation>
</xs:annotation>
<xs:simpleType name="tConndir">
<xs:restriction base="xs:normalizedString">
<xs:enumeration value="horizontal"/>
<xs:enumeration value="vertical"/>
</xs:restriction>
</xs:simpleType>
<xs:attribute name="x" type="xs:int"/>
<xs:attribute name="y" type="xs:int"/>
<xs:attribute name="dir" type="tConndir"/>
</xs:schema>

The following gives an SEL example using the coordinates. The transformer
Baden220_132.T1 in this example will have the coordinates (1,10) relative to the substation.
The bay D1Q1 of voltage:uevel D1 will be located in the upper left corner of the substation
layout.

Observe that this is“a standardized extension, therefore the extension name (sxy) does not
start with an e. For private extensions, it shall start with an e (see 8.3.5).

<?xml version"10"?>
<SCL xmins=thttp://www.iec.ch/61850/2003/SCL" xmIns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns:sxys‘http://www.iec.ch/61850/2003/SCLcoordinates"
xsi:schemialocation="http://www.iec.ch/61850/2003/SCL SCL.xsd
http://www.iec.ch/61850/2003/SCLcoordinates SCL_Coordinates.xsd" version="2007" revision="A">
<Header id="SCL Example T1-1" nameStructure="IEDName"/>
<Substation name="Baden220_132" sxy:x="1" sxy:y="1" >
<PowerTransformer name="T1" type="PTR" sxy:x="1" sxy:y="10" sxy:dir="horizontal">

<TransformerWinding name="W1" type="PTW">
</TransformerWinding>
<TransformerWinding name="W2" type="PTW">
</TransformerWinding>

</PowerTransformer>

<VoltageLevel name="D1" sxy:x="1" sxy:y="1">
<Bay name="Q1" sxy:x="1" sxy:y="1" sxy:dir="horizontal"/>

</VoltageLevel>

</Substation>
</SCL>
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Annex D
(informative)

Example

D.1 Example specification

D.1.1 General
An example based on the specification in 1.1.3.2 of IEC 61850-5:2013 is given heres The
naming of devices is, however, changed to conform to the IEC 81346 series. Although-this

example is not 100 % complete, it illustrates most of the SCL possibilities for-system
description, i.e. it is an SCD file.

D.1.2 Substation configuration

Example T 1-1 T

1 Distance Protection
Protection signalling
2 Voltage Levels
D1 — 220 kV Central Functions: 0N
E1—132 KV Synchrocheck
5 Bays
1 ‘Buchholz Rel
1-D1Q1 Feeder with Transformer, CT pot o::ﬂa:dz p,:t:zﬁon
2 — E1Q2 Feeder with D|S, CBR, CT, VT ‘Transformer-Differential.-Protection 220KV
3 — E1Q4 Static Busbar Protection signalling
4 - E1Q1 Feeder with DIS, CBR, CT, VT a0 N e end
5 — E1Q3 Feeder with DIS, CBR, CT, VT 2 U """" @_ E1Q2
S220 1y, 132KV
Distance Protection
Voltage Regulator
E1Q4
E1Q1 . 1Q3
3 T
|
Interlocking Interlocking
=" Distance Protection Distance Protection
Differential Protection Differential Protection
Uen1Q Yeo:Q
I leos
4 5

Figure D.1 — T1-1 Substation configuration

Figure D.1 shows the single line. The current infeed via D1Q1 to the transformer D1T1 is
distributed at the lower voltage side to two lines E1Q1 and E1Q3. The circuit breaker in D1Q1

shall be OouUt OT the sCope Or tne consigdered SA Sysiem.
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D.1.3 Communication system configuration

Example T 1-1

Single communication bus

C.

- 189 —

4
tHhetons:

D1Q1 Out of Scope

Dist| Distance Protection

Protection signalling

IEDs for:

Transformer.

Combined Bay Unit (Circuit Breaker,
Disconnector CT and VT). wo1
Each Protection.

Central Functions.

No. Name ID

1 Dist E1Q1BP3 (PDIS)

2 Difn E1Q1BP2 (PDIF)

3 Dist E1Q3BP3 (PDIS)

4 Difn E1Q3BP2 (PDIF)

5 Dist D1Q1BP3 (PDIS) i
6 TDifn D1Q1BP2 (PDIF) 9

7 Trafo D1Q1SB1

8 LV Bayt E1Q2SB1 :

9 LV Bay2 E1Q1SB1 Uggd

10 LVBay3  E1Q3SB1
11 Central D1Q1SB4 (CILO, RSYN)

4
SehtrarT

H: ]

Synchrocheck

10km

5

 Dist | Bistanca P
.
Ipo1

6 Buchholz Relay
......... Overload Protection

02

== TDifn: Transformer-Differential.-Protection
8 o Protection signalling
Voltage Regulation

=

1

2

— Dist Interlocking
»I Distance Protection —

—len Differential Rrotection

0 3
: e Djst : Interlocking

... Distance Protection
Ukos = Difn : Differential Protection

e 4

Figure D.2 — T1-1 Communication configuration

Figure D.2 shows the IEDs of the SA;system, their allocation to the switch yard bays, their
intended functionality and their communication connection by one single Subnetwork. What is
not shown is the IED hosting the station level HMI, which might be a pure client.

D.1.4 Transformer IED

Figure D.3 illustrates thevinstantiated functionality for the transformer control IED as logical

nodes.
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D1a1

Example T 1-1

Dist Distance Protection
Protection signalling

Single communications bus Contral Functions:

IED for: Transformer bay. Synchrocheck 5
Dist ; Distance Protection

No. Name D PP

7 TrafoBayl DICHSBI e
WX01 C ] lom
e Buchholz Relay
HV Bay 1 (Transformer bay) 6 Overload Protection
TDifn (Transformer-Differential.-Protection
IED u 8 Protection signa.tlling
wrevnanslrorocnin, 7 LD Ly N Voltage Regulation
[] - o
D1Q1SB1, ¢

: b Current LN
. : Transformer
M -| (DI1TITCTR)
- D

i: 2| Power transformer |V 10 R
. :| o1T1YPTR) G
. : M Transh T | Interlocking -Ln Dist  Interlocking
5 . cl'rlgﬂgeo ::rgﬁ‘:ro? er | Distance Protection : B Cf= e R
. +| (DI1TIATCC) | Differential Protection Je03 {/ Difin - Differential Protection
. [ Power transformer | | by 4
. + | earth fault neutraliser|
o + L (DITIYEFN)
. E Power transformer
H =| power shunt
i +|_DIT1YPSH) (

\OA

Figure D.3 — T1-1 Transformer bay

D.2 Example SCL file contents

Below is a syntactically correct, but notfully completed SCD file for the example specification
given above. For some IEDs, the serpver description is missing and naturally no data flow from
or to these IEDs is specified. On the other hand, some logical nodes which should reside on
these IEDs have been allocatedto the substation section. Therefore, this file is not only
incomplete but also invalid .at application level. However, the two IEDs E1Q1SB1 and
D1Q1SB4 and some data (flow between them with GOOSE and SV is modelled, and the
substation topology as such is complete with connection information. The Subnet definition is
also complete, at least-for the modelled data flow.

<?xml version="1.0"?>
<SCL xmlns:xsi="http:/fwww.w3.0rg/2001/XMLSchema-instance" xmins="http://www.iec.ch/61850/2003/SCL" version="2007"
revision="B" release="3" xsi:schemalocation="http://www.iec.ch/61850/2003/SCL
file:///C:/Data/SCLXSD/SCL.2007B4/SCL.xsd">
<Header 1d="SCL Example T1-1" toolID="MySystemTool"/>
<Substation name="512" desc="Baden">
<PowerTransformer name="T1" type="PTR">
<LNode InInst="1" InClass="PDIF" IdInst="F1" iedName="D1Q1BP2"/>
<LNode InInst="1" InClass="YLTC" IdInst="S12D1T1" iedName="None"/>
<TransformerWinding name="W1" type="PTW">
<Terminal connectivityNode="512/D1/Q1/L1" substationName="512" voltageLevelName="D1" bayName="Q1"

cNodeName="L1"/>
</TransformerWinding>
<TransformerWinding name="W2" type="PTW">
<Terminal connectivityNode="S12/E1/Q2/L3" substationName="5S12" voltageLevelName="E1" bayName="Q2"
cNodeName="L3"/>
</TransformerWinding>
</PowerTransformer>
<VoltageLevel name="D1">
<Voltage multiplier="k" unit="V">220</Voltage>
<Bay name="Q1">
<LNode iedName="None" IdInst="S12D1Q1" InClass="PDIS" InInst="1"/>
<ConductingEquipment name="I1" type="CTR">
<Terminal connectivityNode="512/D1/Q1/L1" substationName="S12" voltageLevelName="D1"
bayName="Q1" cNodeName="L1"/>
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<SubEquipment name="R" phase="A">

<LNode iedName="D1Q1BP2" IdInst="F1" InClass="TCTR" InInst="1"/>
</SubEquipment>
<SubEquipment name="S" phase="B">

<LNode iedName="D1Q1BP2" IdInst="F1" InClass="TCTR" InInst="2"/>
</SubEquipment>
<SubEquipment name="T" phase="C">

<LNode iedName="D1Q1BP2" IdInst="F1" InClass="TCTR" InInst="3"/>
</SubEquipment>
<SubFguipment name="I0" phase="N">

<LNode iedName="D1Q1BP2" IdInst="F1" InClass="TCTR" InInst="4"/>
</SubEquipment>
</ConductingEquipment>
<ConnectivityNode name="L1" pathName="S12/D1/Q1/L1"/>
</Bay>
</VoltagelLevel>
<VoltageLevel name="E1">
<Voltage multiplier="k" unit="V">132</Voltage>
<Bay name="Q1">
<LNode iedName="E1Q1SB1" IdInst="C1" InClass="MMXN" InInst="1"/>
<LNode iedName="None" IdInst="S12E1Q1" InClass="PDIS" InInst="1"/>
<LNode iedName="None" IdInst="F1" InClass="PDIF" InInst="1"/>
<ConductingEquipment name="QA1" type="CBR">
<LNode iedName="E1Q1SB1" IdInst="C1" InClass="CSWI" InInst="1"/>
<Terminal connectivityNode="S12/E1/Q1/L1" substationName="S12" xoltadeLevelName="E1"
bayName="Q1" cNodeName="L1"/>
<Terminal connectivityNode="S12/E1/Q1/L2" substationName="812" voltageLevelName="E1"
bayName="Q1" cNodeName="L2"/>
</ConductingEquipment>
<ConductingEquipment name="QB1" type="DIS">
<LNode iedName="E1Q1SB1" IdInst="C1" InClass="CSWTI! InInst="2"/>
<LNode iedName="D1Q1SB4" IdInst="C1" InClass={€ILO" InInst="1"/>
<Terminal connectivityNode="S12/E1/Q4/B1" substationName="S12" voltageLevelName="E1"
bayName="Q4" cNodeName="B1"/>
<Terminal connectivityNode="S12/E1/Q1/L1"¢GubstationName="S12" voltageLevelName="E1"
bayName="Q1" cNodeName="L1"/>
</ConductingEquipment>
<ConductingEquipment name="U1" type='VTR">
<Terminal connectivityNode="S12/E1/Q1/L2" substationName="S12" voltageLevelName="E1"
bayName="Q1" cNodeName="L2"/>
<SubEquipment name="A" phase="A">
<LNode iedName="E1Q1SB1" IdInst="C1" InClass="TVTR" InInst="1"/>
</SubEquipment>
</ConductingEquipment=>
<ConductingEquipmertyname="I1" type="CTR">
<Terminal conneetivityNode="S12/E1/Q1/L3" substationName="S12" voltageLevelName="E1"
bayName="Q1" cNodeName=""L3"}>
<Terminalh\¢onnectivityNode="S12/E1/Q1/L2" substationName="S12" voltageLevelName="E1"
bayName="Q1" cNodeName="L2"/>
</ConductingEquipment>
<ConnectivityNode name="L1" pathName="S12/E1/Q1/L1"/>
<CaphectivityNode name="L2" pathName="S12/E1/Q1/L2"/>
<ConnectivityNode name="L3" pathName="S12/E1/Q1/L3"/>
</Bay>
<Bay name="Q2" desc="Turgi">
<ConductingEquipment name="QA1" type="CBR">
<LNode iedName="D1Q1SB4" IdInst="C1" InClass="CSWI" InInst="1"/>
<Terminal connectivityNode="S12/E1/Q2/L0" substationName="S12" voltageLevelName="E1"
BayName="Q2" cNodeName="L0"/>

<Terminal rnnnnrri\/ih/Nndn—“Q1 ')’/F1’/Q7’/I 1" substationName="S12" \/nlfngnl ovelName="E1"
bayName="Q2" cNodeName="L1"/>
</ConductingEquipment>
<ConductingEquipment name="QB1" type="DIS">
<LNode iedName="D1Q1SB4" IdInst="C1" InClass="CSWI" InInst="2"/>
<LNode iedName="D1Q1SB4" IdInst="C1" InClass="CILO" InInst="2"/>
<Terminal connectivityNode="S12/E1/Q4/B1" substationName="S12" voltageLevelName="E1"
bayName="Q4" cNodeName="B1"/>
<Terminal connectivityNode="S12/E1/Q2/L0" substationName="S12" voltageLevelName="E1"
bayName="Q2" cNodeName="L0"/>
</ConductingEquipment>
<ConductingEquipment name="I1" type="CTR">
<Terminal connectivityNode="S12/E1/Q2/L1" substationName="S12" voltageLevelName="E1"
bayName="Q2" cNodeName="L1"/>
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<Terminal connectivityNode="S12/E1/Q2/L2" substationName="S12" voltageLevelName="E1"
bayName="Q2" cNodeName="L2"/>
</ConductingEquipment>
<ConductingEquipment name="U1" type="VTR">
<Terminal connectivityNode="S12/E1/Q2/L1" substationName="S12" voltageLevelName="E1"
bayName="Q2" cNodeName="L1"/>
</ConductingEquipment>
<ConnectivityNode name="L0" pathName="S12/E1/Q2/L0"/>
<ConnectivityNode name="L1" pathName="S12/E1/Q2/L1"/>
<ConnectivityNode name="12" pathName="S12/E1/Q2/12"/>

<ConnectivityNode name="L3" pathName="S12/E1/Q2/L3"/>
</Bay>
<Bay name="Q3" desc="London">
<LNode iedName="None" IdInst="LD0" InClass="MMXN" InInst="1"/>
<LNode iedName="None" IdInst="LD0" InClass="PDIS" InInst="1"/>
<LNode iedName="None" IdInst="LD0" InClass="PDIF" InInst="1"/>
<ConductingEquipment name="QA1" type="CBR">
<LNode iedName="None" IdInst="C1" InClass="CSWI" InInst="1"/>
<Terminal connectivityNode="S12/E1/Q3/L1" substationName="S12" voltageLevelName="E1"
bayName="Q3" cNodeName="L1"/>
<Terminal connectivityNode="S12/E1/Q3/L2" substationName="S12" voltageLevelName="E1"
bayName="Q3" cNodeName="L2"/>
</ConductingEquipment>
<ConductingEquipment name="QB1" type="DIS">
<Terminal connectivityNode="S12/E1/Q4/B1" substationName="S12" yogltageLevelName="E1"
bayName="Q4" cNodeName="B1"/>
<Terminal connectivityNode="S12/E1/Q3/L1" substationName="812" voltageLevelName="E1"
bayName="Q3" cNodeName="L1"/>
</ConductingEquipment>
<ConductingEquipment name="U1" type="VTR">
<Terminal connectivityNode="S12/E1/Q3/L2" substationName="S12" voltageLevelName="E1"
bayName="Q3" cNodeName="L2"/>
</ConductingEquipment>
<ConductingEquipment name="I1" type="CTR">,
<Terminal connectivityNode="S12/E1/Q3/L3"¢ubstationName="S12" voltageLevelName="E1"
bayName="Q3" cNodeName="L3"/>
<Terminal connectivityNode="S12/E1/Q3/L2" substationName="S12" voltageLevelName="E1"
bayName="Q3" cNodeName="L2"/>
</ConductingEquipment>
<ConnectivityNode name="L1" patiName="S12/E1/Q3/L1"/>
<ConnectivityNode name="L2" pathName="S12/E1/Q3/L2"/>
<ConnectivityNode name="L3"\pathName="S12/E1/Q3/L3"/>
</Bay>
<Bay name="Q4">
<ConnectivityNode name="B1" pathName="S12/E1/Q4/B1"/>
</Bay>
</VoltageLevel>
</Substation>
<Communication>
<SubNetwork name="W01" type="8-MMS">
<Text>Station bus</Text>
<BitRate.unit="b/s">100</BitRate>
<ConnectedAP iedName="D1Q1SB4" apName="51">
<Address>
<P type="IP">10.0.0.11</P>
<P type="IP-SUBNET">255.255.255.0</P>
<P type="IP-GATEWAY">10.0.0.101</P>
<P type="0SI-TSEL">00000001</P>
<P type="OSI-PSEL">01</P>
P type="QSI-SSEL">01</P>

</Address>
<GSE IdInst="C1" cbName="SyckResult">
<Address>
<P type="MAC-Address">01-0C-CD-01-00-02</P>
<P type="APPID">3001</P>
<P type="VLAN-PRIORITY">4</P>
</Address>
<MinTime unit="s">4</MinTime>
<MaxTime unit="s">1000</MaxTime>
</GSE>
<PhysConn type="Connection">
<P type="Type">FOC</P>
<P type="Plug">ST</P>
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</PhysConn>
</ConnectedAP>
<ConnectedAP iedName="E1Q1SB1" apName="S1">
<Address>
<P type="IP">10.0.0.1</P>
<P type="IP-SUBNET">255.255.255.0</P>
<P type="IP-GATEWAY">10.0.0.101</P>
<P type="0SI-TSEL">00000001</P>
<P type="OSI-PSEL">01</P>
<P tvpe="0QSI-SSE|">01</P>

</Address>
<GSE IdInst="C1" cbName="ItIPositions" >
<Address>
<P type="MAC-Address">01-0C-CD-01-00-01</P>
<P type="APPID">3000</P>
<P type="VLAN-PRIORITY">4</P>
</Address>
</GSE>
<SMV IdInst="C1" cbName="Volt">
<Address>
<P type="MAC-Address">01-0C-CD-04-00-01</P>
<P type="APPID">4000</P>
<P type="VLAN-ID">123</P>
<P type="VLAN-PRIORITY">4</P>
</Address>
</SMV>
</ConnectedAP>
<ConnectedAP iedName="E1Q1BP2" apName="S1">
<Address>
<P type="IP">10.0.0.2</P>
<P type="IP-SUBNET">255.255.255.0</P>
<P type="IP-GATEWAY">10.0.0.101</P>
<P type="0SI-TSEL">00000001</P>
<P type="OSI-PSEL">01</P>
<P type="0SI-SSEL">01</P>
</Address>
</ConnectedAP>
<ConnectedAP iedName="E1Q1BP3" apName="S1">
<Address>
<P type="IP">10.0.0.3</P>
<P type="IP-SUBNET">255:255.255.0</P>
<P type="IP-GATEWAY">10.0.0.101</P>
<P type="0SI-TSEL">00000001</P>
<P type="0SI-PSEL"301</P>
<P type="0SI-SSEL">01</P>
</Address>
</ConnectedAP>
<ConnectedAP jedName="A1KA1" apName="S1">
<Address>
<Pitype="IP">10.0.0.121</P>
<P-type="IP-SUBNET">255.255.255.0</P>
<P type="IP-GATEWAY">10.0.0.101</P>
<P type="0SI-TSEL">00000001</P>
<P type="OSI-PSEL">01</P>
<P type="OSI-SSEL">01</P>
</Address>
</ConnectedAP>
<ConnectedAP iedName="E1Q2SB1" apName="S1">

<Address>
2] h/pn—"TD">1n Q.0 14<’/D>

<P type="IP-SUBNET">255.255.255.0</P>
<P type="IP-GATEWAY">10.0.0.101</P>
<P type="0SI-TSEL">00000001</P>
<P type="OSI-PSEL">01</P>
<P type="0OSI-SSEL">01</P>
</Address>
</ConnectedAP>
</SubNetwork>
</Communication>
<IED name="E1Q1SB1">
<Services namelLength="64">
<ClientServices goose="true" sv="true"/>
<DynAssociation/>



https://iecnorm.com/api/?name=6ec872c88e2a7706734421d0a48fb6ef

- 194 — IEC 61850-6:2009+AMD1:2018 CSV
© IEC 2018

<GetDirectory/>

<GetDataObjectDefinition/>
<GetDataSetValue/>

<DataSetDirectory/>

<ConfDataSet max="4" maxAttributes="50"/>
<ReadWrite/>

<ConfReportControl max="12"/>
<GetCBValues/>

<GOOSE max="2"/>
<SMVSettings chName="Conf" datSet="Conf" optFields="Fix" smpRate="Conf" svID="Conf">
<SmpRate>80</SmpRate>
<SmpRate>240</SmpRate>
</SMVSettings>
<FileHandling/>
<ConfLNs fixLnInst="true"/>
</Services>
<AccessPoint name="S1">
<Server>
<Authentication none="true"/>
<LDevice inst="C1">
<LNO inst="" InClass="LLNO" InType="LNO">
<DataSet name="Positions">
<FCDA IdInst="C1" prefix=""InClass="CSWI" InInst="1" doName="Pos" fc="ST"/>
<FCDA IdInst="C1" prefix=""InClass="CSWI" InInst="2"doName="Pos" fc="ST"/>
</DataSet>
<DataSet name="Measurands">
<FCDA IdInst="C1" prefix="" InClass="MMXN" InInst="1" doName="Amp" fc="MX"/>
<FCDA IdInst="C1" prefix=""InClass="MMXN* InIast="1" doName="Vol" fc="MX"/>
</DataSet>
<DataSet name="smv">
<FCDA IdInst="C1" prefix="" InClass="TVIR" InInst="1" doName="VoISv" daName="instMag"
fc="MX"/>
</DataSet>
<ReportControl name="PosReport" fotID="E1Q1Switches" datSet="Positions" confRev="1">
<TrgOps dchg="true" qchg=true"/>
<OptFields/>
<RptEnabled max="5">
<ClientLN iedName="A1KA1" IdInst="none" InInst="1" InClass="IHMI"/>
</RptEnabled>
</ReportControl>
<ReportControl name="MeaReport" rptID="E1Q1Measurands" datSet="Measurands" confRev="1"
intgPd="2000">
<TrgOps‘qchg="true" period="true"/>
<OptFields reasonCode="true"/>
<RptEnabled max="5">
<ClientLN iedName="A1KA1" IdInst="none" InInst="1" InClass="IHMI"/>
</RptEnabled>
< /ReportControl>
<LogControl name="Log" datSet="Positions" logName="C1">
<TrgOps dchg="true" qchg="true"/>
</LogControl>
<Log/>
<GSEControl name="ItlPositions" datSet="Positions" appID="Ttl">
<IEDName>E1Q2SB1</IEDName>
</GSEControl>
<SampledValueControl name="Volt" datSet="smv" smvID="11" smpRate="4800" nofASDU="5">
IEDName>D1Q1SB4</IEDName>
<SmvOpts refreshTime="true" sampleSynchronized="true" sampleRate="true"/>
</SampledValueControl>
</LNO>
<LN inst="1" InClass="LPHD" InType="LPHDa">
<DOI name="Proxy">
<DAI name="stVal" valKind="Set">
<Val>false</Val>
</DAI>
</DOI>
</LN>
<LN inst="1" InClass="CSWI" InType="CSWIa"/>
<LN inst="2" InClass="CSWI" InType="CSWIa"/>
<LN inst="1" InClass="MMXN" InType="MMXNa">
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<DOI name="Vol">
<SDI name="sVC">
<DAI name="scaleFactor" valKind="Set">
<Val>200</Val>
</DAI>
<DAI name="offset" valKind="Set">
<Val>10</Val>
</DAI>
</SDI>
</DOI>
</LN>
<LN inst="1" InClass="TVTR" InType="TVTRa"/>
</LDevice>
</Server>
</AccessPoint>
</IED>

<IED name="E1Q1BP2">
<AccessPoint name="S1"/>
</IED>
<IED name="E1Q1BP3">
<AccessPoint name="51"/>
</IED>
<IED name="E1Q2SB1">
<AccessPoint name="51"/>
</IED>
<IED name="E1Q3SB1">
<AccessPoint name="S1"/>
</IED>
<IED name="E1Q3KA1">
<AccessPoint name="51"/>
</IED>
<IED name="E1Q3KA2">
<AccessPoint name="51"/>
</IED>
<IED name="E1Q3KA3">
<AccessPoint name="S1"/>
</IED>
<IED name="D1Q1SB1">
<AccessPoint name="S1"/>
</IED>
<IED name="D1Q1BP2">
<Services namelLength="64">
<DynAssociation/>
<GetDirectory/>
<GetDataObjectDefinition/>
<GetDataSetValue/>.
<DataSetDirectory/>
<ConfDataSet max="4"/>
<ReadWrite/>
<ConfRepoxtControl max="12"/>
<GetCBValues/>
<ReportSettings cbName="Conf" datSet="Conf" rptID="Dyn" optFields="Dyn" bufTime="Dyn" intgPd="Dyn"/>
<GSESettings cbName="Conf" datSet="Conf" appID="Conf"/>
<GOOSE max="2"/>
<FileHandling/>
<YServices>
<AccessPoint name="S1">
<Server>

<Authentication none="true"/>
<l Device inst="F1">

<LNO inst=""InClass="LLNOQ" InType="LN0"/>
<LN inst="1" InClass="LPHD" InType="LPHDa">
<DOI name="Proxy">
<DAI name="stVal" valKind="Set">
<Val>false</Val>
</DAI>
</DOI>
</LN>
<LN inst="1" InClass="TCTR" InType="TCTRa"/>
<LN inst="2" InClass="TCTR" InType="TCTRa"/>
<LN inst="3" InClass="TCTR" InType="TCTRa"/>
<LN inst="4" InClass="TCTR" InType="TCTRa"/>
<LN InType="PDIFa" inst="1" InClass="PDIF">
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<DOI name="TmASt" desc="Example of array value definition — function wise meaningless">
<SDI name="crvPts" ix="1">
<DAI name="xVal">
<Val>12.5</Val>
</DAI>
<DAI name="yVal">
<Val>22.1</Val>
</DAI>
</SDI>
<SDI name="crvPts" ix="2">

<DAI name="xVal">
<Val>102.5</Val>
</DAI>
<DAI name="yVal">
<Val>202.1</Val>
</DAI>
</SDI>
</DOI>
</LN>
</LDevice>
</Server>
</AccessPoint>
</IED>
<IED name="D1Q1BP3">
<AccessPoint name="51"/>
</IED>
<IED name="D1Q1SB4">
<Services namelLength="64">
<DynAssociation/>
<GetDirectory/>
<GetDataObjectDefinition/>
<GetDataSetValue/>
<DataSetDirectory/>
<ConfDataSet max="4"/>
<ReadWrite/>
<ConfReportControl max="12"/>
<GetCBValues/>
<ConfLogControl max="1"/>
<ReportSettings cbName="Conf" datSet="Conf" rptID="Dyn" optFields="Conf" bufTime="Dyn" intgPd="Dyn"/>
<GSESettings cbName="Conf" datSet="Conf" appID="Conf"/>
<GOOSE max="2"/>
<FileHandling/>
</Services>
<AccessPoint name="S1">
<Server>
<Authentication nene="true"/>
<LDevice inst="IC1">
<LNO inst="" InClass="LLNOQ" InType="LNOQ">
<DataSet name="SyckResult">
<FCDA IdInst="C1" prefix="" InClass="RSYN" InInst="1" doName="Rel" fc="ST"/>
</DataSet>
<GSEControl name="SyckResult" datSet="SyckResult" confRev="1" appID="SynChk">
<IEDName>E1Q1SB1</IEDName>
</GSEControl>
</LNO>
<LN inst="1" InClass="LPHD" InType="LPHDa">
<DOI name="Proxy">
<DAI name="stVal" valKind="Set">
<Val>false</Val>

/DAL>
</DOI>
</LN>
<LN inst="1" InClass="RSYN" InType="RSYNa"/>
<LN inst="1" InClass="CILO" InType="CILOa"/>
<LN inst="2" InClass="CILO" InType="CILOa"/>
<LN inst="1" InClass="CSWI" InType="CSWIa"/>
<LN inst="2" InClass="CSWI" InType="CSWIa"/>
</LDevice>
</Server>
</AccessPoint>
</IED>
<IED name="A1KA1">
<AccessPoint name="S1">
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<LN inst="1" InClass="IHMI" InType="IHMIa"/>
</AccessPoint>
</IED>
<DataTypeTemplates>
<LNodeType id="LN0" InClass="LLNQ">
<D0 name="Mod" type="myMod"/>
<D0 name="Beh" type="myBeh"/>
<D0 name="Health" type="myHealth"/>
<DO name="NamPIt" type="myLNOLPL"/>
</l NodeType>

<LNodeType id="LPHDa" InClass="LPHD">
<DO name="PhyNam" type="myDPL"/>
<D0 name="PhyHealth" type="myHealth"/>
<DO name="Proxy" type="mySPS"/>

</LNodeType>

<LNodeType id="CSWIa" InClass="CSWI">
<D0 name="Mod" type="myMod"/>
<D0 name="Beh" type="myBeh"/>
<D0 name="Health" type="myHealth"/>
<DO name="NamPIt" type="myLPL"/>
<DO name="Pos" type="myPos"/>

</LNodeType>

<LNodeType id="MMXNa" InClass="MMXN">
<D0 name="Mod" type="myMod"/>
<DO name="Beh" type="myBeh"/>
<D0 name="Health" type="myHealth"/>
<DO name="NamPIt" type="myLPL"/>
<D0 name="Amp" type="myMV"/>
<D0 name="Vol" type="myMV"/>

</LNodeType>

<LNodeType id="CILOa" InClass="CILO">
<D0 name="Mod" type="myMod"/>
<D0 name="Beh" type="myBeh"/>
<D0 name="Health" type="myHealth"/>
<DO name="NamPIt" type="myLPL"/>
<D0 name="EnaOpn" type="mySPS"/>
<DO name="EnaCls" type="mySPS"/>

</LNodeType>

<LNodeType id="TVTRa" InClass="TVTR">
<D0 name="Mod" type="myMod"/>
<DO name="Beh" type="myBeh"/>
<D0 name="Health" type="myHealth"/>
<DO name="NamPIt" type="myLPL"/>
<DO name="VoISv" type="mySAV"/>
<DO name="FuFail" typemySPS"/>

</LNodeType>

<LNodeType id="TCTRa" InClass="TCTR">
<D0 name="Med"type="myMod"/>
<D0 name="Beh" type="myBeh"/>
<DO name="Health" type="myHealth"/>
<DO name="NamPIt" type="myLPL"/>
<DO-name="AmpSv" type="mySAV"/>

</LNodeType>

<LNodeType id="RSYNa" InClass="RSYN">
<D0 name="Mod" type="myMod"/>
<D0 name="Beh" type="myBeh"/>
<D0 name="Health" type="myHealth"/>
<DO name="NamPIt" type="myLPL"/>
<DO name="Rel" type="mySPS"/>

</ I\InrinT\,/rrm>

<LNodeType id="IHMIa" InClass="IHMI">
<D0 name="Mod" type="myMod"/>
<D0 name="Beh" type="myBeh"/>
<D0 name="Health" type="myHealth"/>
<DO name="NamPIt" type="myLPL"/>

</LNodeType>

<LNodeType id="PDIFa" InClass="PDIF">
<D0 name="Mod" type="myMod"/>
<D0 name="Beh" type="myBeh"/>
<D0 name="Health" type="myHealth"/>
<DO name="NamPIt" type="myLPL"/>
<DO name="Str" type="myACD"/>
<DO name="0p" type="myACT"/>
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<DO name="TmASt" type="myCSD"/>

</LNodeType>

<DOType id="myMod" cdc="ENC">
<DA name="stVal" fc="ST" dchg="true" bType="Enum" type="BehaviourModeKind"/>
<DA name="q" fc="ST" qchg="true" bType="Quality"/>
<DA name="t" fc="ST" bType="Timestamp"/>
<DA name="ctIModel" fc="CF" bType="Enum" type="CtIModelKind" dchg="true"/>
<DA name="Oper" fc="CO" bType="Struct" type="myModOper"/>

</DOType>

<DOType id="myHealth" cdc="ENS">

<DA name="stVal" fc="ST" dchg="true" bType="Enum" type="HealthKind"/>
<DA name="q" fc="ST" qchg="true" bType="Quality"/>
<DA name="t" fc="ST" bType="Timestamp"/>
</DOType>
<DOType id="myBeh" cdc="ENS">
<DA name="stVal" fc="ST" dchg="true" bType="Enum" type="BehaviourModeKind"/>
<DA name="q" fc="ST" qchg="true" bType="Quality"/>
<DA name="t" fc="ST" bType="Timestamp"/>
</DOType>
<DOType id="myINS" cdc="INS">
<DA name="stVal" fc="ST" dchg="true" bType="INT32"/>
<DA name="q" fc="ST" qchg="true" bType="Quality"/>
<DA name="t" fc="ST" bType="Timestamp"/>
</DOType>
<DOType id="myLNOLPL" cdc="LPL">
<DA name="vendor" fc="DC" bType="VisString255">
<Val>myVendorName</Val>
</DA>
<DA name="swRev" fc="DC" bType="VisString255">
<Val>my SW revision ID</Val>
</DA>
<DA name="d" fc="DC" bType="VisString255"/>
<DA name="configRev" fc="DC" bType="VisString255">
<Val>Rev 3.45</Val>
</DA>
<DA name="IdNs" fc="EX" bType="VisString255*>
<Val>IEC 61850-7-4:2007</Val>
</DA>
</DOType>
<DOType id="myLPL" cdc="LPL">
<DA name="vendor" fc="DC" bTypé=VisString255">
<Val>myVendorName</Val>
</DA>
<DA name="swRev" fc="DC\bType="VisString255"/>
<DA name="d" fc="DC! bType="VisString255"/>
</DOType>
<DOType id="myDPL" ed¢="DPL">
<DA name="vendor"" fc="DC" bType="VisString255">
<Val>myVendorName</Val>
</DA>
<DA name="hwRev" fc="DC" bType="VisString255">
<Val>Rev 1.23</Val>
</DA>
</DOType>
<DQ@Type id="myPos" cdc="DPC">
<DA name="stVal" fc="ST" dchg="true" bType="Dbpos"/>
<DA name="q" fc="ST" qchg="true" bType="Quality"/>
<DA name="t" fc="ST" bType="Timestamp"/>
<DA name="ctIModel" fc="CF" bType="Enum" type="CtIModelKind" dchg="true"/>

DA name="Qper" fc="CQ" bTvne="Struct" tvpe="mvQper"/>
e o e e

<DA name="SBOw" fc="CO" bType="Struct" type="myOper"/>
<DA name="Cancel" fc="CO" bType="Struct" type="myCancel"/>
</DOType>
<DOType id="mySPS" cdc="SPS">
<DA name="stVal" fc="ST" dchg="true" bType="BOOLEAN"/>
<DA name="q" fc="ST" qchg="true" bType="Quality"/>
<DA name="t" fc="ST" bType="Timestamp"/>
</DOType>
<DOType id="myMV" cdc="MV">
<DA name="mag" fc="MX" dchg="true" bType="Struct" type="myAnalogValue"/>
<DA name="q" fc="MX" qchg="true" bType="Quality"/>
<DA name="t" fc="MX" bType="Timestamp"/>
<DA name="sVC" fc="CF" dchg="true" bType="Struct" type="ScaledValueConfig"/>



https://iecnorm.com/api/?name=6ec872c88e2a7706734421d0a48fb6ef

IEC 61850-6:2009+AMD1:2018 CSV - 199 —
© IEC 2018

</DOType>
<DOType id="myCMV" cdc="CMV">
<DA name="cVal" fc="MX" dchg="true" bType="Struct" type="myVector"/>
<DA name="q" fc="MX" qchg="true" bType="Quality"/>
<DA name="t" fc="MX" bType="Timestamp"/>
</DOType>
<DOType id="mySEQ" cdc="SEQ">
<SDO name="c1" type="myCMV"/>
<SDO name="c2" type="myCMV"/>
<SDO name="c3" type="myCMV"/>

<DA name="seqT" fc="MX" bType="Enum" type="SequenceKind"/>
</DOType>
<DOType id="myACD" cdc="ACD">
<DA name="general" fc="ST" dchg="true" bType="BOOLEAN"/>
<DA name="dirGeneral" fc="ST" dchg="true" bType="Enum" type="FaultDirectionKind"/>
<DA name="q" fc="ST" qchg="true" bType="Quality"/>
<DA name="t" fc="ST" bType="Timestamp"/>
</DOType>
<DOType id="myACT" cdc="ACT">
<DA name="general" fc="ST" dchg="true" bType="BOOLEAN"/>
<DA name="q" fc="ST" qchg="true" bType="Quality"/>
<DA name="t" fc="ST" bType="Timestamp"/>
</DOType>
<DOType id="myCSD" cdc="CSD">
<DA name="xUnits" fc="DC" bType="Struct" type="myUnit"/>
<DA name="xD" fc="DC" bType="VisString255"/>
<DA name="yUnits" fc="DC" bType="Struct" type="myUnit"/>
<DA name="yD" fc="DC" bType="VisString255"/>
<DA name="numPts" fc="DC" bType="INT16U"/>
<DA name="crvPts" fc="DC" count="maxPts" bType="Struct" type="xyPoint"/>
<DA name="d" fc="DC" bType="VisString255"/>
<DA name="maxPts" fc="CF" bType="INT16U" dchg="true">
<Val>32</Val>
</DA>
</DOType>
<DOType id="mySAV" cdc="SAV">
<DA name="instMag" fc="MX" bType="Struct" type="myAnalogValue"/>
<DA name="q" fc="MX" qchg="true" bType="Quality"/>
</DOType>
<DAType id="myAnalogValue">
<BDA name="f" bType="FLOAT32"}>
</DAType>
<DAType id="ScaledValueConfig">
<BDA name="scaleFactor" bType="FLOAT32"/>
<BDA name="offset" bType="FLOAT32"/>
</DAType>
<DAType id="myVector!>
<BDA name="mag""bType="Struct" type="myAnalogValue"/>
<BDA name="ang" bType="Struct" type="myAnalogValue"/>
</DAType>
<DAType id="xyPoint">
<BDA name="xVal" bType="FLOAT32"/>
<BDA.name="yVal" bType="FLOAT32"/>
</DATYype>
<DAType id="myUnit">
<BDA name="SIUnit" bType="Enum" sAddr="" type="SIUnitKind"/>
<BDA name="multiplier" bType="Enum" sAddr="" type="MultiplierKind">
<Val>k</Val>
</BDA>
</DAType

<DAType id="originator">
<BDA name="orCat" bType="Enum" type="0OriginatorCategoryKind"/>
<BDA name="orIdent" bType="Octet64"/>
</DAType>
<DAType id="myModOper">
<BDA name="ctlVal" bType="Enum" type="BehaviourModeKind"/>
<BDA name="origin" bType="Struct" type="originator"/>
<BDA name="ctINum" bType="INT8U"/>
<BDA name="T" bType="Timestamp"/>
<BDA name="Test" bType="BOOLEAN"/>
<BDA name="Check" bType="Check"/>
<ProtNs type="8-MMS">IEC 61850-8-1:2003</ProtNs>
</DAType>
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<DAType id="myOper">
<BDA name="ctlVal" bType="BOOLEAN"/>
<BDA name="origin" bType="Struct" type="originator"/>
<BDA name="ctINum" bType="INT8U"/>
<BDA name="T" bType="Timestamp"/>
<BDA name="Test" bType="BOOLEAN"/>
<BDA name="Check" bType="Check"/>
<ProtNs type="8-MMS">IEC 61850-8-1:2003</ProtNs>
</DAType>
<DATvpe id="myCancel">

<BDA name="ctlVal" bType="BOOLEAN"/>
<BDA name="origin" bType="Struct" type="originator"/>
<BDA name="ctINum" bType="INT8U"/>
<BDA name="T" bType="Timestamp"/>
<BDA name="Test" bType="BOOLEAN"/>
<ProtNs type="8-MMS">IEC 61850-8-1:2003</ProtNs>
</DAType>
<EnumType id="BehaviourModeKind" desc="Behaviour or mode (BehaviourModeKind enumeration)">
<EnumVal ord="1" desc="Normal enabled state.">on</EnumVal>
<EnumVal ord="2" desc="Process is passively supervised.">blocked</EnumVal>
<EnumVal ord="3" desc="Function is operated but results are indicated as test results.">test</EnumVal>
<EnumVal ord="4" desc="Function is operated in test mode, but with no impact to the
process.">test/blocked</EnumVal>
<EnumVal ord="5" desc="Function is inactive but shows its configuration capability:'>off</EnumVal>
</EnumType>
<EnumType id="HealthKind" desc="Health (HealthKind enumeration)">
<EnumVal ord="1" desc="No problems, normal operation (&quot;green&guot;).">0k</EnumVal>
<EnumVal ord="2" desc="Minor problems, but in safe operating mode({(&gquot;yellow&quot;). The exact meaning is
a local issue, depending on the dedicated function/device.">Warning</EnumVal>
<EnumVal ord="3" desc="Severe problem, no operation possible, (&quot;red&quot;).">Alarm</EnumVal>
</EnumType>
<EnumType id="CtIModelKind" desc="Control model (CtIModelKind,enumeration)">
<EnumVal ord="0" desc="The object is not controllable, only the services that apply to a status object are
supported.">status-only</EnumVal>
<EnumVal ord="1" desc="Direct control with normal‘security according to IEC 61850-7-2.">direct-with-normal-
security</EnumVal>
<EnumVal ord="2" desc="SBO (select before.opérate) control with normal security according to IEC 61850-7-
2.">sbo-with-normal-security</EnumVal>
<EnumVal ord="3" desc="Direct control with“enhanced security according to IEC 61850-7-2.">direct-with-
enhanced-security</EnumVal>
<EnumVal ord="4" desc="SBO controhwith enhanced security according to IEC 61850-7-2.">sbo-with-enhanced-
security</EnumVal>
</EnumType>
<EnumType id="FaultDirectionkind" desc="Fault direction (FaultDirectionKind enumeration)">
<EnumVal ord="0">unknown</EnumVal>
<EnumVal ord="1">forward</EnumVal>
<EnumVal ord="2">backward</EnumVal>
<EnumVal ord="3">both</EnumVal>
</EnumType>
<EnumType id&"SequenceKind" desc="Sequence (SequenceKind enumeration)">
<EnumValerd="0" desc="Sequence components 'CDC.[c1, c2, c3]' are positive, negative and zero,
respectively.">pos-neg-zero</EnumVal>
<EnumVal ord="1" desc="Sequence components 'CDC.[c1, c2, c3]' are direct, quadratic and zero,
respectively:>dir-quad-zero</EnumVal>
</EntmType>
<EnumType id="OriginatorCategoryKind" desc="Originator category (OriginatorCategoryKind enumeration)">
<EnumVal ord="0" desc="That value shall not be used.">not-supported</EnumVal>
<EnumVal ord="1" desc="Control operation issued from an operator using a client located at bay level.">bay-
control</EnumVal>

EnumVal ord="2" desc="Control operation issued from an operator using-a client located at station

level.">station-control</EnumVal>

<EnumVal ord="3" desc="Control operation from a remote operator outside the substation (for example network
control center).">remote-control</EnumVal>

<EnumVal ord="4" desc="Control operation issued from an automatic function at bay level.">automatic-
bay</EnumVal>

<EnumVal ord="5" desc="Control operation issued from an automatic function at station level.">automatic-
station</EnumVal>

<EnumVal ord="6" desc="Control operation issued from an automatic function outside of the
substation.">automatic-remote</EnumVal>

<EnumVal ord="7" desc="Control operation issued from a maintenance/service tool.">maintenance</EnumVal>

<EnumVal ord="8" desc="Status change occurred without control action (for example external trip of a circuit
breaker or failure inside the breaker).">process</EnumVal>

</EnumType>
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<EnumType id="SIUnitKind" desc="SI unit (SIUnitkind enumeration)">
<EnumVal ord="1" desc="dimensionless"/>
<EnumVal ord="2" desc="meter: Length">m</EnumVal>
<EnumVal ord="3" desc="kilogram: Mass">kg</EnumVal>
<EnumVal ord="4" desc="second: Time">s</EnumVal>
<EnumVal ord="5" desc="ampere: Current">A</EnumVal>
<EnumVal ord="6" desc="kelvin: Temperature">K</EnumVal>
<EnumVal ord="7" desc="mole: Amount of substance">mol</EnumVal>
<EnumVal ord="8" desc="candela: Luminous intensity">cd</EnumVal>
<FnumVal ord="9" desc="degrees: Plane angle">deg</EnumVal>

<EnumVal ord="10" desc="radian: Plane angle">rad</EnumVal>

<EnumVal ord="11" desc="steradian: Solid angle">sr</EnumVal>

<EnumVal ord="21" desc="Gray (J/kg): Absorbed dose">Gy</EnumVal>

<EnumVal ord="22" desc="becquerel (1/s): Activity">Bqg</EnumVal>

<EnumVal ord="23" desc= "degrees Celsius: Relative temperature">°C</EnumVal>

<EnumVal ord="24" desc="sievert (J/kg): Dose equivalent">Sv</EnumVal>

<EnumVal ord="25" desc="farad: Electric capacitance">F</EnumVal>

<EnumVal ord="26" desc="coulomb (A S): Electric charge">C</EnumVal>

<EnumVal ord="27" desc="siemens (A/V): Electric conductance">S</EnumVal>

<EnumVal ord="28" desc="henry (Wb/A): Electric inductance">H</EnumVal>

<EnumVal ord="29" desc="volt (W/A): Electric potential">V</EnumVal>

<EnumVal ord="30" desc="ohm (V/A): Electric resistance">ohm</EnumVal>

<EnumVal ord="31" desc="joule (N m): Energy">J]</EnumVal>

<EnumVal ord="32" desc="newton (kg m / s2): Force">N</EnumVal>

<EnumVal ord="33" desc="hertz (1/s): Frequency">Hz</EnumVal>

<EnumVal ord="34" desc="lux (Lm/m2): Illuminance">Ix</EnumVal>

<EnumVal ord="35" desc="lumen (cd sr): Luminous flux">Lm</EnumVal>

<EnumVal ord="36" desc="weber (V s): Magnetic flux">Wb</EnumVal>

<EnumVal ord="37" desc="tesla (Wb / m2): Magnetic flux density">T</EnumVal>

<EnumVal ord="38" desc="watt (J/s): Powerwatt (I2 R): Real power’>W</EnumVal>
<EnumVal ord="39" desc="pascal (N / m2): Pressure">Pa</EnumVal>

<EnumVal ord="41" desc="square meter (m2): Area">m2</EhumVal>

<EnumVal ord="42" desc="cubic meter (m3): Volume">m3</EnumVal>

<EnumVal ord="43" desc="meters per second (m/s): Velocity">m/s</EnumVal>

<EnumVal ord="44" desc="meters per second? (m/s2): Acceleration">m/s2</EnumVal>
<EnumVal ord="45" desc="cubic meters per second(m3/s): Volumetric flow rate">m3/s</EnumVal>
<EnumVal ord="46" desc="meters/cubic meter (in/m3): Fuel efficiency">m/m3</EnumVal>
<EnumVal ord="47" desc="kilogram meter (kg'm): Moment of mass">M</EnumVal>
<EnumVal ord="48" desc="kilogram/cubic‘meter (kg/m3): Density">kg/m3</EnumVal>
<EnumVal ord="49" desc="meter squafe/second (m2/s): Viscosity">m2/s</EnumVal>
<EnumVal ord="50" desc="watt pet<meter kelvin (W/m K): Thermal conductivity">W/m K</EnumVal>
<EnumVal ord="51" desc="joule per kelvin (J/K): Heat capacity">J/K</EnumVal>

<EnumVal ord="52" desc="parts,per million: Concentration">ppm</EnumVal>

<EnumVal ord="53" desc="rotations per second (1/s): Rotational speed">1/s</EnumVal>
<EnumVal ord="54" desc=!radian per second (rad/s): Angular velocity">rad/s</EnumVal>
<EnumVal ord="55" desc="watt per square meter: Insolation">W/m2</EnumVal>

<EnumVal ord="56'""desc="watt seconds per square meter: Insolation energy">J]/m2</EnumVal>
<EnumVal ord="57" desc="siemens per meter: Electric conductivity">S/m</EnumVal>
<EnumVal ord="58" desc="kelvin per second: Temperature change rate">K/s</EnumVal>
<EnumValwerd="59" desc="pascal per second: Pressure change rate">Pa/s</EnumVal>
<EnumValerd="60" desc="joule per kilogram per kelvin: Specific heat">J/kg K</EnumVal>
<EnumVal ord="61" desc="volt ampere (VA): Apparent power">VA</EnumVal>

<EnumVal ord="62" desc="(Use 'W' instead) watts (I2 R): Real power.">Watts</EnumVal>
<EnumVal ord="63" desc="volt ampere reactive (V I sin(theta)): Reactive power">VAr</EnumVal>
<EnumVal ord="64" desc="(Use 'deg' or 'rad' instead) degrees: Phase angle.">phi</EnumVal>
<EnumVal ord="65" desc="dimensionless: Power factor">cos(phi)</EnumVal>

<EnumVal ord="66" desc="volt seconds (Ws/A): Volt second">Vs</EnumVal>

<EnumVal ord="67" desc="volt squared (W2/A2): Volt squared">V2</EnumVal>

<EnumVal ord="68" desc="amp second (As): Amp second">As</EnumVal>

Enum\Val ord="69" dncr—":\mn cnua;e_(A_)_Ampsquarnd" A2</Enum\Val
<EnumVal ord="70" desc—"amp squared time (A2t): Amps squared time">A2t</EnumVal>
<EnumVal ord="71" desc="volt ampere hours: Apparent energy">VAh</EnumVal>
<EnumVal ord="72" desc="watt hours: Real energy">Wh</EnumVal>
<EnumVal ord="73" desc="volt ampere reactive hours: Reactive energy">VArh</EnumVal>
<EnumVal ord="74" desc="volts per hertz: Magnetic flux">V/Hz</EnumVal>
<EnumVal ord="75" desc="hertz per second: Rate of change of frequency">Hz/s</EnumVal>
<EnumVal ord="76" desc="characters: Number of characters">char</EnumVal>
<EnumVal ord="77" desc="characters per second: Baud">char/s</EnumVal>
<EnumVal ord="78" desc="kg square meter: Turbine inertia">kgm2</EnumVal>
<EnumVal ord="79" desc="decibel: Sound pressure level">dB</EnumVal>
<EnumVal ord="80" desc="joule per watt-hour: Heat rate">]/Wh</EnumVal>
<EnumVal ord="81" desc="watt per second: Ramp rate">W/s</EnumVal>
<EnumVal ord="82" desc="litres per second: Flow rate">l/s</EnumVal>
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<EnumVal ord="83" desc="power measurement relative to 1 mW: Power level">dBm</EnumVal>
<EnumVal ord="84" desc="hour: Time">h</EnumVal>
<EnumVal ord="85" desc="minute: Time">min</EnumVal>
</EnumType>
<EnumType id="MultiplierKind" desc="Unit multiplier (MultiplierKind enumeration)">
<EnumVal ord="-24" desc="yocto (10exp(-24))">y</EnumVal>
<EnumVal ord="-21" desc="zepto (10exp(-21))">z</EnumVal>
<EnumVal ord="-18" desc="atto (10exp(-18))">a</EnumVal>
<EnumVal ord="-15" desc="femto (10exp(-15))">f</EnumVal>
<FnumVal ord="-12" desc="pico (10exp(-12N)">p</EnumVal>

<EnumVal ord="-9" desc="nano (10exp(-9))">n</EnumVal>
<EnumVal ord="-6" desc="micro (10exp(-6))">p</EnumVal>
<EnumVal ord="-3" desc="milli (10exp(-3))">m</EnumVal>
<EnumVal ord="-2" desc="centi (10exp(-2))">c</EnumVal>
<EnumVal ord="-1" desc="deci (10exp(-1))">d</EnumVal>
<EnumVal ord="0" desc="1 (10exp(0))"/>
<EnumVal ord="1" desc="deca (10exp(1))">da</EnumVal>
<EnumVal ord="2" desc="hecto (10exp(2))">h</EnumVal>
<EnumVal ord="3" desc="kilo (10exp(3))">k</EnumVal>
<EnumVal ord="6" desc="mega (10exp(6))">M</EnumVal>
<EnumVal ord="9" desc="giga (10exp(9))">G</EnumVal>
<EnumVal ord="12" desc="tera (10exp(12))">T</EnumVal>
<EnumVal ord="15" desc="petra (10exp(15))">P</EnumVal>
<EnumVal ord="18" desc="exa (10exp(18))">E</EnumVal>
<EnumVal ord="21" desc="zetta (10exp(21))">Z</EnumVal>
<EnumVal ord="24" desc="yotta (10exp(24))">Y</EnumVal>
</EnumType>
</DataTypeTemplates>
</SCL>
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(informative)
SCL syntax: General XML schema definition
E.1 General

By using the maylgnore rules any tool claiming conformance to this standard shall also accept
valid SCL files according to the SCL version 2003 A and the problem (tissue) solutions before
this version 2007 B. This annex E therefore contains a SCL schema which informally defines
everything which shall be syntactically allowed to cover the language versions 2003™A and
2007 A and B. It has to be kept in mind, that this schema cannot be used as input)check in
general because it would surely fail for any follower SCL version, which shall besacceptable
due to the mustUnderstand and maylgnore rules.

The purpose of this annex is to simply give an idea of what a version 2007¢tool has to accept
as input, beneath the usage of mustUnderstand and maylgnore rules.

E.2 Base types

SCL_BaseSimpleTypes.xsd
<CODE BEGINS>

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:xs="http://www.w3.0rg/2001/XMLSchema" x¢hins="http://www.iec.ch/61850/2003/SCL"
targetNamespace="http://www.iec.ch/61850/2003/SCL" elementFermDefault="qualified" attributeFormDefault="unqualified"
version="Mixed.2007B4">
<xs:annotation>
<xs:documentation xml:lang="en">
Informative general SCL schema for mixed systems version "2007" revision "B" release 4, for
1IEC 61850-6 Ed. 2.1.

COPYRIGHT (c) IEC,:2016. All rights reserved. Disclaimer: The IEC disclaims liability for any personal
injury, property or other damages of any natdre whatsoever, whether special, indirect, consequential or compensatory, directly
or indirectly resulting from this software and the document upon which its methods are based, use of, or reliance upon.

</xs:documentations
</xs:annotation>
<xs:simpleType name="tConnectivityNodeReference">
<xs:restriction base="xs:normalizedString" >
<xs:pattern value=".+/.+(/.+)*"/>
</xsarestriction>
</xs:simpleType>
<xs:simpleType name="tAnyName">
<Xs:restriction base="xs:normalizedString"/>
</xsisimpleType>
<Xs:simpleType name="tName">
<xs:restriction base="tAnyName">
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>

<Xs:sImpleType name="tD >
<xs:restriction base="xs:token">
<xs:minLength value="1"/>
<xs:maxLength value="255"/>
<xs:pattern value="\S+"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tAcsiName">
<xs:restriction base="xs:Name">
<xs:pattern value="[A-Za-z][0-9A-Za-z_]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tRestrName1stU">
<xs:restriction base="xs:Name">



https://iecnorm.com/api/?name=6ec872c88e2a7706734421d0a48fb6ef

- 204 - IEC 61850-6:2009+AMD1:2018 CSV
© IEC 2018

<xs:pattern value="[A-Z][0-9A-Za-z]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tRestrName1stL">
<xs:restriction base="xs:Name">
<xs:pattern value="[a-z][0-9A-Za-z]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPAddr">
<xs:restriction base="xs:normalizedString">

<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tSclVersion">
<xs:restriction base="tName">
<xs:pattern value="2[0-2][0-9{2}"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tSclRevision">
<xs:restriction base="xs:Name">
<xs:pattern value="[A-Z]"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tSclRelease">
<xs:restriction base="xs:unsignedByte">
<xs:minExclusive value="0"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tEmpty">
<xs:restriction base="xs:normalizedString">
<xs:maxLength value="0"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tIEDName">
<xs:restriction base="tAcsiName">
<xs:maxLength value="64"/>
<xs:pattern value="[A-Za-z][0-9A-Z&:z_1{0,2}"/>
<xs:pattern value="[A-Za-z][0-9A-Za-z_1{4,63}"/>
<xs:pattern value="[A-MO-Za*z][0-9A-Za-z_]{3}"/>
<xs:pattern value="N[0-9A%Za-np-z_][0-9A-Za-z_]{2}"/>
<xs:pattern value="No[0-9A-Za-mo-z_][0-9A-Za-z_]"/>
<xs:pattern value="Nen[0-9A-Za-df-z_]"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tIEDNamelIsNone">
<xs:restriction base="tAcsiName">
<xs:pattern value="None"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tIEDNameOrNone">
<xs:URion memberTypes="tIEDName tIEDNameIsNone"/>
</xs:simpleType>
<xs:simpleType name="tOnlyRelativeIEDName" >
<xs:restriction base="xs:normalizedString">
<xs:pattern value="&#x0040;"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tIEDNameOrRelative">
<xs:union memberTypes="tIEDName tOnlyRelativeIEDName"/>

</xs:simpleType>
<xs:simpleType name="tLDName">
<xs:restriction base="xs:normalizedString">
<xs:maxLength value="64"/>
<xs:pattern value="[A-Za-z][0-9A-Za-z_]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tLDInst">
<xs:restriction base="xs:normalizedString">
<xs:maxLength value="64"/>
<xs:pattern value="[A-Za-z0-9][0-9A-Za-z_]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tLDInstOrEmpty">
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<xs:union memberTypes="tLDInst tEmpty"/>
</xs:simpleType>
<xs:simpleType name="tPrefix">
<xs:restriction base="xs:normalizedString">
<xs:maxLength value="11"/>
<xs:pattern value="[A-Za-z][0-9A-Za-z_]*"/>
<xs:pattern value=""/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="tl NInst">

<xs:restriction base="xs:normalizedString">
<xs:pattern value="[0-91{1,12}"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tLNInstOrEmpty">
<xs:union memberTypes="tLNInst tEmpty"/>
</xs:simpleType>
<xs:simpleType name="tDataName">
<xs:restriction base="tRestrName1stU">
<xs:maxLength value="12"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDataSetName">
<xs:restriction base="tAcsiName">
<xs:maxLength value="32"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tCBName">
<xs:restriction base="tAcsiName">
<xs:maxLength value="32"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tLogName">
<xs:restriction base="tAcsiName">
<xs:maxLength value="32"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tAccessPointName">
<xs:restriction base="xs:normalizedString">
<xs:pattern value="[A-Za-z0-9][0-9A-Za-z_]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tAssociatiofID">
<xs:restriction base="xs:normalizedString">
<xs:minLengthyalue="1"/>
<xs:pattern value="[0-9A-Za-z]+"/>
</xs:restriction>»
</xs:simpleType>
<xs:simpleType name="tVisibleBasicLatin">
<xs:restriction base="xs:normalizedString">
<xs:pattern value="[&#x0020;-&#x007E;]*"/>
</xs:restriction>
</xs:simpleType>
<xsisithpleType name="tMessageID">
<xs:restriction base="tVisibleBasicLatin">
<xs:minLength value="1"/>
<xs:maxLength value="129"/>
</xs:restriction>
</xs:simpleType>

(yc-cimpIpT\/pp name="tFullAttributeName"~>
<xs:restriction base="xs:normalizedString">
<xs:pattern value="[a-zA-Z][a-zA-Z0-91*(\([0-9]+\))?(\.[a-zA-Z][a-ZA-Z0-9]*(\([0-9]+\))»)*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tFullDOName">
<xs:restriction base="xs:normalizedString">
<xs:pattern value="[A-Z][0-9A-Za-z]{0,11}(\.[a-z][0-9A-Za-z]*(\([0-9]+\))?)?"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tSubDataName">
<xs:restriction base="tRestrName1stL">
<xs:minLength value="1"/>
<xs:maxLength value="60"/>
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</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tNamespaceName">
<xs:restriction base="xs:normalizedString">
<xs:pattern value="[&#x0020;-&#x007E;]+:20\d\d[A-Z]?"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tLineType">
<xs:restriction base="xs:normalizedString">

<xs:minlength value="1"/>

</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tProcessType">
<xs:restriction base="xs:normalizedString">
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tProcessName">
<xs:restriction base="xs:normalizedString">
<xs:pattern value=".+(/.+)*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tEnumStringValue">
<xs:restriction base="xs:normalizedString">
<xs:maxLength value="127"/>
<xs:pattern value="[\p{IsBasicLatin}\p{IsLatin-1Supplement}]*"/>
</xs:restriction>
</xs:simpleType>
</xs:schema>

<CODE ENDS>

SCL_Enums.xsd
<CODE BEGINS>

<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmins:scl="http://www.iec.ch/61850/2003/SCL" xmIns="http://www.iec.ch/61850/2003/SCL"
xmins:xs="http://www.w3.0rg/2001/XMLSchema".targetNamespace="http://www.iec.ch/61850/2003/SCL"
elementFormDefault="qualified" attributeFormRefault="unqualified" version="Mixed.2007B4">
<xs:annotation>
<xs:documentation xml:lahg="en">
Informative general SCL schema for mixed systems version "2007" revision "B" release 4, for
1IEC 61850-6 Ed. 2.1.

COPYRIGHT (c) IEC, 2016. All rights reserved. Disclaimer: The IEC disclaims liability for any personal
injury, property or other damages of any nature whatsoever, whether special, indirect, consequential or compensatory, directly
or indirectly resulting from this software and the document upon which its methods are based, use of, or reliance upon.

< /xstdocumentation>
</xs:annotation>
<xs:include schemalocation="SCL_BaseSimpleTypes.xsd"/>
<xs:simpleType name="tPredefinedPTypeEnum">
<xs:restriction base="xs:Name">

<xs:enumeration value="IP"/>

<xs:enumeration value="IP-SUBNET"/>

<xs:enumeration value="IP-GATEWAY"/>

<xs:enumeration value="0OSI-NSAP"/>

<xs:enumeration value="QSI-TSEL"/>

<xs:enumeration value="QOSI-SSEL"/>
<xs:enumeration value="0OSI-PSEL"/>
<xs:enumeration value="0OSI-AP-Title"/>
<xs:enumeration value="0OSI-AP-Invoke"/>
<xs:enumeration value="0OSI-AE-Qualifier"/>
<xs:enumeration value="0OSI-AE-Invoke"/>
<xs:enumeration value="MAC-Address"/>
<xs:enumeration value="APPID"/>
<xs:enumeration value="VLAN-PRIORITY"/>
<xs:enumeration value="VLAN-ID"/>
<xs:enumeration value="SNTP-Port"/>
<xs:enumeration value="MMS-Port"/>
<xs:enumeration value="DNSName"/>
<xs:enumeration value="IPv6FlowLabel"/>



https://iecnorm.com/api/?name=6ec872c88e2a7706734421d0a48fb6ef

IEC 61850-6:2009+AMD1:2018 CSV - 207 -
© IEC 2018

<xs:enumeration value="IPv6ClassOfTraffic"/>
<xs:enumeration value="C37-118-IP-Port"/>
<xs:enumeration value="IP-UDP-PORT"/>
<xs:enumeration value="IP-TCP-PORT"/>
<xs:enumeration value="IPv6"/>
<xs:enumeration value="IPv6-SUBNET"/>
<xs:enumeration value="IPv6-GATEWAY"/>
<xs:enumeration value="IPv6-IGMPv3Src"/>
<xs:enumeration value="IP-IGMPv3Src"/>
<xs:enumeration value="1P-ClassOfTraffic"/>

</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tExtensionPTypeEnum">
<xs:restriction base="xs:normalizedString">
<xs:pattern value="[A-Z][0-9A-Za-z\-]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPTypeEnum">
<xs:union memberTypes="tPredefinedPTypeEnum tExtensionPTypeEnum"/>
</xs:simpleType>
<xs:simpleType name="tPredefinedPTypePhysConnEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="Type"/>
<xs:enumeration value="Plug"/>
<xs:enumeration value="Cable"/>
<xs:enumeration value="Port"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPTypePhysConnEnum">
<xs:union memberTypes="tPredefinedPTypePhysConnEnum. tExtensionPTypeEnum"/>
</xs:simpleType>
<xs:simpleType name="tPredefinedAttributeNameEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="T"/>
<xs:enumeration value="Test"/>
<xs:enumeration value="Check"/>
<xs:enumeration value="SIUnit"/>
<xs:enumeration value="Oper"/>
<xs:enumeration value="SBO"/>
<xs:enumeration value="SBOw"/>
<xs:enumeration value={€ancel"/>
<xs:enumeration values"Addr"/>
<xs:enumeration.valué="PRIORITY"/>
<xs:enumeration.value="VID"/>
<xs:enumeration value="APPID"/>
<xs:enumeration value="TransportInUse"/>
<xs:enumeration value="IPClassOfTraffic"/>
<xsrehumeration value="IPv6FlowLabel"/>
<xs:enumeration value="IPAddressLength"/>
<xs:enumeration value="IPAddress"/>
</xs:¥restriction>
</xs:simpleType>
<xs:simpleType name="tExtensionAttributeNameEnum">
<xs:restriction base="tRestrName1stL">
<xs:maxLength value="60"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tAttributeNameEnum">

<xs:union memberTypes="tPredefinedAttributeNameEnum tExtensionAttributeNameEnum"/>
(/yc-cimplnTypn»

<xs:simpleType name="tPredefinedCommonConductingEquipmentEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="CBR"/>
<xs:enumeration value="DIS"/>
<xs:enumeration value="VTR"/>
<xs:enumeration value="CTR"/>
<xs:enumeration value="GEN"/>
<xs:enumeration value="CAP"/>
<xs:enumeration value="REA"/>
<xs:enumeration value="CON"/>
<xs:enumeration value="MOT"/>
<xs:enumeration value="EFN"/>
<xs:enumeration value="PSH"/>
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<xs:enumeration value="BAT"/>
<xs:enumeration value="BSH"/>
<xs:enumeration value="CAB"/>
<xs:enumeration value="GIL"/>
<xs:enumeration value="LIN"/>
<xs:enumeration value="RES"/>
<xs:enumeration value="RRC"/>
<xs:enumeration value="SAR"/>
<xs:enumeration value="TCF"/>
<xs:enumeration value="TCR"/>

<xs:enumeration value="IFL"/>
<xs:enumeration value="FAN"/>
<xs:enumeration value="SCR"/>
<xs:enumeration value="SMC"/>
<xs:enumeration value="PMP"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tExtensionEquipmentEnum">
<xs:restriction base="xs:Name">
<xs:minLength value="3"/>
<xs:pattern value="E[A-Z]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tCommonConductingEquipmentEnum" >
<xs:union memberTypes="tPredefinedCommonConductingEquipmentEnum tExtensionEquipmentEnum"/>
</xs:simpleType>
<xs:simpleType name="tPowerTransformerEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="PTR"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tTransformerWindingEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="PTW"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPredefinedGeneralEquipmentEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="AXN"/>
<xs:enumeration value="BAT!/>
<xs:enumeration value=MOT"/>
<xs:enumeration value="FAN"/>
<xs:enumeration.value="FIL"/>
<xs:enumeration.value="PMP"/>
<xs:enumeration value="TNK"/>
<xs:enumeration value="VLV"/>
</xs:restriction>»
</xs:simpleType>
<xs:simpleType name="tExtensionGeneralEquipmentEnum">
<xs:restriction base="xs:Name">
<xs:minLength value="3"/>
<xs:pattern value="E[A-Z]*"/>
< /xs:restriction>
</xs:SinipleType>
<xs:simpleType name="tGeneralEquipmentEnum">
<xs:union memberTypes="tPredefinedGeneralEquipmentEnum tExtensionGeneralEquipmentEnum"/>
</xs:simpleType>
<xs:simpleType name="tServiceSettingsNoDynEnum" >
<xs:restriction base="xs:Name">
xs:enumeration value="Conf"/>

<xs:enumeration value="Fix"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tServiceSettingsEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="Dyn"/>
<xs:enumeration value="Conf"/>
<xs:enumeration value="Fix"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tRedProtEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="none"/>
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<xs:enumeration value="hsr"/>
<xs:enumeration value="prp"/>
<xs:enumeration value="rstp"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tSMVDeliveryEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="unicast"/>
<xs:enumeration value="multicast"/>
<xs:enumeration value="both"/>

</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPhaseEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="A"/>
<xs:enumeration value="B"/>
<xs:enumeration value="C"/>
<xs:enumeration value="N"/>
<xs:enumeration value="all"/>
<xs:enumeration value="none"/>
<xs:enumeration value="AB"/>
<xs:enumeration value="BC"/>
<xs:enumeration value="CA"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tAuthenticationEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="none"/>
<xs:enumeration value="password"/>
<xs:enumeration value="weak"/>
<xs:enumeration value="strong"/>
<xs:enumeration value="certificate"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tAssociationKindEnum">
<xs:restriction base="xs:token">
<xs:enumeration value="pre-established"/>
<xs:enumeration value="predefined"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tLPHDEnum">
<xs:restriction base="xs:Name!>
<xs:enumeration.valueé="LPHD"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tLLNOEnum">
<xs:restriction hase="xs:Name">
<xsrehumeration value="LLNQ"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType'name="tSystemLNGroupEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="L[A-Z]*"/>
<xs:pattern value="LLNO"/>
<xs:enumeration value="LLNQ"/>
<xs:enumeration value="LPHD"/>
<xs:enumeration value="LCCH"/>

<xs:enumeration value="LG0S"/>
xs:enumeration value="| C\IQ"‘/>

<xs:enumeration value="LTIM"/>
<xs:enumeration value="LTMS"/>
<xs:enumeration value="LTRK"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupAEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="A[A-Z]*"/>
<xs:enumeration value="ANCR"/>
<xs:enumeration value="ARCQ"/>
<xs:enumeration value="ARIS"/>
<xs:enumeration value="ATCC"/>
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<xs:enumeration value="AVCQO"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupCEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="C[A-Z]*"/>
<xs:enumeration value="CALH"/>
<xs:enumeration value="CCGR"/>
<xs:enumeration value="CI QO"/>
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<xs:enumeration value="CPOW"/>
<xs:enumeration value="CSWI"/>
<xs:enumeration value="CSYN"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupFEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="F[A-Z]*"/>
<xs:enumeration value="FCNT"/>
<xs:enumeration value="FCSD"/>
<xs:enumeration value="FFIL"/>
<xs:enumeration value="FLIM"/>
<xs:enumeration value="FPID"/>
<xs:enumeration value="FRMP"/>
<xs:enumeration value="FSPT"/>
<xs:enumeration value="FXOT"/>
<xs:enumeration value="FXUT"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupGEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="G[A-Z]*"/>
<xs:enumeration value="GAPC"/>
<xs:enumeration value="GGIO"/>
<xs:enumeration value="GLOG"/>
<xs:enumeration value="GSAL"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupIEhum">
<xs:restriction base="xs:Name!>
<xs:length value="4"/>
<xs:pattern value="I[A-Z]*"/>
<xs:enumeration value="IARC"/>
<xs:enumeration value="IHMI"/>
<xs:enumeration value="ISAF"/>
<xsrehumeration value="ITCI"/>
<xs*enumeration value="ITMI"/>
<xs:enumeration value="ITPC"/>
</xs:¥restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupKEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="K[A-Z]*"/>
<xs:enumeration value="KFAN"/>
<xs:enumeration value="KFIL"/>

<xs:enumeration value="KPMP"/>
xs:enumeration value="KTNK"/>

<xs:enumeration value="KVLV"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupMEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="M[A-Z]*"/>
<xs:enumeration value="MDIF"/>
<xs:enumeration value="MENV"/>
<xs:enumeration value="MFLK"/>
<xs:enumeration value="MHAI"/>
<xs:enumeration value="MHAN"/>
<xs:enumeration value="MHYD"/>
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<xs:enumeration value="MMDC"/>
<xs:enumeration value="MMET"/>
<xs:enumeration value="MMTN"/>
<xs:enumeration value="MMTR"/>
<xs:enumeration value="MMXN"/>
<xs:enumeration value="MMXU"/>
<xs:enumeration value="MSQI"/>
<xs:enumeration value="MSTA"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="tDomainLNGroupPEnhum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="P[A-Z]*"/>
<xs:enumeration value="PDIF"/>
<xs:enumeration value="PDIR"/>
<xs:enumeration value="PDIS"/>
<xs:enumeration value="PDOP"/>
<xs:enumeration value="PDUP"/>
<xs:enumeration value="PFRC"/>
<xs:enumeration value="PHAR"/>
<xs:enumeration value="PHIZ"/>
<xs:enumeration value="PIOC"/>
<xs:enumeration value="PMRI"/>
<xs:enumeration value="PMSS"/>
<xs:enumeration value="POPF"/>
<xs:enumeration value="PPAM"/>
<xs:enumeration value="PRTR"/>
<xs:enumeration value="PSCH"/>
<xs:enumeration value="PSDE"/>
<xs:enumeration value="PTEF"/>
<xs:enumeration value="PTHF"/>
<xs:enumeration value="PTOC"/>
<xs:enumeration value="PTOF"/>
<xs:enumeration value="PTOV"/>
<xs:enumeration value="PTRC"/>
<xs:enumeration value="PTTR"/>
<xs:enumeration value="PTUC"/>
<xs:enumeration value="PTUF"/>
<xs:enumeration value="PTUV"/>
<xs:enumeration value={PUPF"/>
<xs:enumeration value="PVOC"/>
<xs:enumeration.valué="PVPH"/>
<xs:enumeration.value="PZSU"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name={tDomainLNGroupQEnum">
<xs:restriction\base="xs:Name">
<xsength value="4"/>
<xs:pattern value="Q[A-Z]*"/>
<xs:enumeration value="QFVR"/>
<xs:enumeration value="QITR"/>
<xs:enumeration value="QIUB"/>
<xs:enumeration value="QVTR"/>
<xs:enumeration value="QVUB"/>
<xs:enumeration value="QVVR"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupREnum">
<xs:restriction base="xs:Name">

<xs:length value="4"/>
<xs:pattern value="R[A-Z]*"/>
<xs:enumeration value="RADR"/>
<xs:enumeration value="RBDR"/>
<xs:enumeration value="RBRF"/>
<xs:enumeration value="RDIR"/>
<xs:enumeration value="RDRE"/>
<xs:enumeration value="RDRS"/>
<xs:enumeration value="RFLO"/>
<xs:enumeration value="RMXU"/>
<xs:enumeration value="RPSB"/>
<xs:enumeration value="RREC"/>
<xs:enumeration value="RSYN"/>



https://iecnorm.com/api/?name=6ec872c88e2a7706734421d0a48fb6ef

-212 -

</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupSEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="S[A-Z]*"/>
<xs:enumeration value="SARC"/>
<xs:enumeration value="SCBR"/>
<xs:enumeration value="SIMG"/>
<xs:enumeration value="SIM|"/>
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<xs:enumeration value="SLTC"/>
<xs:enumeration value="SOPM"/>
<xs:enumeration value="SPDC"/>
<xs:enumeration value="SPTR"/>
<xs:enumeration value="SSWI"/>
<xs:enumeration value="STMP"/>
<xs:enumeration value="SVBR"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupTEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="T[A-Z]*"/>
<xs:enumeration value="TANG"/>
<xs:enumeration value="TAXD"/>
<xs:enumeration value="TCTR"/>
<xs:enumeration value="TDST"/>
<xs:enumeration value="TFLW"/>
<xs:enumeration value="TFRQ"/>
<xs:enumeration value="TGSN"/>
<xs:enumeration value="THUM"/>
<xs:enumeration value="TLVL"/>
<xs:enumeration value="TMGF"/>
<xs:enumeration value="TMVM"/>
<xs:enumeration value="TPOS"/>
<xs:enumeration value="TPRS"/>
<xs:enumeration value="TRTN"/>
<xs:enumeration value="TSND"/>
<xs:enumeration value="TTMP/>
<xs:enumeration value="TTNS"/>
<xs:enumeration value={TVBR"/>
<xs:enumeration value="TVTR"/>
<xs:enumeration.valueé="TWPH"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupXEnum">
<xs:restriction hase="xs:Name">
<xs:tength value="4"/>
<xspattern value="X[A-Z]*"/>
<xs:enumeration value="XCBR"/>
<xs:enumeration value="XSWI"/>
</xs:restriction>
</xs:simpleType>
<xsisithpleType name="tDomainLNGroupYEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="Y[A-Z]*"/>
<xs:enumeration value="YEFN"/>

<xs:enumeration value="YLTC"/>
xs:enumeration vall m—"VDQH"’/>

<xs:enumeration value="YPTR"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNGroupZEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="Z[A-Z]*"/>
<xs:enumeration value="ZAXN"/>
<xs:enumeration value="ZBAT"/>
<xs:enumeration value="ZBSH"/>
<xs:enumeration value="ZCAB"/>
<xs:enumeration value="ZCAP"/>
<xs:enumeration value="ZCON"/>
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<xs:enumeration value="ZGEN"/>
<xs:enumeration value="ZGIL"/>

<xs:enumeration value="ZLIN"/>

<xs:enumeration value="ZMOT"/>
<xs:enumeration value="ZREA"/>
<xs:enumeration value="ZRES"/>

<xs:enumeration value="ZRRC"/>
<xs:enumeration value="ZSAR"/>
<xs:enumeration value="ZSCR"/>
<xs:enumeration value="7ZSMC"/>

<xs:enumeration value="ZTCF"/>
<xs:enumeration value="ZTCR"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tDomainLNEnum">
<xs:union memberTypes="tDomainLNGroupAEnum tDomainLNGroupCEnum tDomainLNGroupFEnum
tDomainLNGroupGEnum tDomainLNGroupIEnum tDomainLNGroupKEnum tDomainLNGroupMEnum tDomainLNGroupPEnum
tDomainLNGroupQEnum tDomainLNGroupREnum tDomainLNGroupSEnum tDomainLNGroupTEnum tDomainLNGreupXEnum
tDomainLNGroupYEnum tDomainLNGroupZEnum"/>
</xs:simpleType>
<xs:simpleType name="tPredefinedLNClassEnum">
<xs:union memberTypes="tSystemLNGroupEnum tDomainLNEnum"/>
</xs:simpleType>
<xs:simpleType name="tExtensionLNClassEnum">
<xs:restriction base="xs:Name">
<xs:length value="4"/>
<xs:pattern value="[A-Z]+"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tLNClassEnum">
<xs:union memberTypes="tPredefinedLNClassEnum tExtensionLNClassEnum"/>
</xs:simpleType>
<xs:simpleType name="tPredefinedCDCEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="SPS"/>
<xs:enumeration value="DPS"/>
<xs:enumeration value="INS"/>
<xs:enumeration value="ENS"/>
<xs:enumeration value="ACT"}>
<xs:enumeration value="ACD'"/>
<xs:enumeration value={SEC"/>
<xs:enumeration value="BCR"/>
<xs:enumeration.valye="HST"/>
<xs:enumeration.value="VSS"/>
<xs:enumeration value="MV"/>
<xs:enumeration value="CMV"/>
<xs:enumeration value="SAV"/>
<xs:ehumeration value="WYE"/>
<xs*enumeration value="DEL"/>
<xs:enumeration value="SEQ"/>
<xs:enumeration value="HMV"/>
<xs:enumeration value="HWYE"/>
<xs:enumeration value="HDEL"/>
<xs:enumeration value="SPC"/>
<xs:enumeration value="DPC"/>
<xs:enumeration value="INC"/>
<xs:enumeration value="ENC"/>
<xs:enumeration value="BSC"/>

<xs:enumeration value="1SC"/>
xs:enumeration value="APC"/>

<xs:enumeration value="BAC"/>
<xs:enumeration value="SPG"/>
<xs:enumeration value="ING"/>
<xs:enumeration value="ENG"/>
<xs:enumeration value="ORG"/>
<xs:enumeration value="TSG"/>
<xs:enumeration value="CUG"/>
<xs:enumeration value="VSG"/>
<xs:enumeration value="ASG"/>
<xs:enumeration value="CURVE"/>
<xs:enumeration value="CSG"/>
<xs:enumeration value="DPL"/>
<xs:enumeration value="LPL"/>
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<xs:enumeration value="CSD"/>
<xs:enumeration value="CST"/>
<xs:enumeration value="BTS"/>
<xs:enumeration value="UTS"/>
<xs:enumeration value="LTS"/>
<xs:enumeration value="GTS"/>
<xs:enumeration value="MTS"/>
<xs:enumeration value="NTS"/>
<xs:enumeration value="STS"/>
<xs:enumeration value="CTS"/>

© IEC 2018

<xs:enumeration value="0TS"/>
<xs:enumeration value="VSD"/>
<xs:enumeration value="ORS"/>
<xs:enumeration value="TCS"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tExtensionCDCEnum">
<xs:restriction base="xs:Name">
<xs:minLength value="1"/>
<xs:maxLength value="5"/>
<xs:pattern value="[A-Za-z]+"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tCDCEnum">
<xs:union memberTypes="tPredefinedCDCEnum tExtensionCDCEnum"/>
</xs:simpleType>
<xs:simpleType name="tFCEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="ST"/>
<xs:enumeration value="MX"/>
<xs:enumeration value="CQ"/>
<xs:enumeration value="SP"/>
<xs:enumeration value="SG"/>
<xs:enumeration value="SE"/>
<xs:enumeration value="SV"/>
<xs:enumeration value="CF"/>
<xs:enumeration value="DC"/>
<xs:enumeration value="EX"/>
<xs:enumeration value="SR"/>
<xs:enumeration value="BI*/>
<xs:enumeration value={QR"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPredefinedBasicTypeEnum">
<xs:restriction base={"xs:Name">
<xs:enumeration value="BOOLEAN"/>
<xs:enumeration value="INT8"/>
<xsrehumeration value="INT16"/>
<xs*enumeration value="INT24"/>
<xs:enumeration value="INT32"/>
<xs:enumeration value="INT64"/>
<xs:enumeration value="INT128"/>
<xs:enumeration value="INT8U"/>
<xs:enumeration value="INT16U"/>
<xs:enumeration value="INT24U"/>
<xs:enumeration value="INT32U"/>
<xs:enumeration value="FLOAT32"/>
<xs:enumeration value="FLOAT64"/>

<xs:enumeration value="Enum"/>
xs:enumeration value="Dbpos"/>

<xs:enumeration value="Tcmd"/>
<xs:enumeration value="Quality"/>
<xs:enumeration value="Timestamp"/>
<xs:enumeration value="VisString32"/>
<xs:enumeration value="VisString64"/>
<xs:enumeration value="VisString65"/>
<xs:enumeration value="VisString129"/>
<xs:enumeration value="VisString255"/>
<xs:enumeration value="Octet64"/>
<xs:enumeration value="Unicode255"/>
<xs:enumeration value="Struct"/>
<xs:enumeration value="EntryTime"/>
<xs:enumeration value="Check"/>



https://iecnorm.com/api/?name=6ec872c88e2a7706734421d0a48fb6ef

IEC 61850-6:2009+AMD1:2018 CSV - 215 -
© IEC 2018

<xs:enumeration value="ObjRef"/>
<xs:enumeration value="Currency"/>
<xs:enumeration value="PhyComAddr"/>
<xs:enumeration value="TrgOps"/>
<xs:enumeration value="OptFlds"/>
<xs:enumeration value="SvOptFlds"/>
<xs:enumeration value="LogOptFlds"/>
<xs:enumeration value="EntryID"/>
<xs:enumeration value="Octet6"/>
<xs:enumeration value="Qctet16"/>

<!-- for 61850-8-1 Edition 2.1 -->
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tExtensionBasicTypeEnum">
<xs:restriction base="xs:Name">
<xs:pattern value="[A-Z][0-9A-Za-z]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tBasicTypeEnum">
<xs:union memberTypes="tPredefinedBasicTypeEnum tExtensionBasicTypeEnum"/>
</xs:simpleType>
<xs:simpleType name="tValKindEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="Spec"/>
<xs:enumeration value="Conf"/>
<xs:enumeration value="RQ"/>
<xs:enumeration value="Set"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tGSEControlTypeEnum">
<xs:restriction base="xs:Name">
<xs:enumeration value="GSSE"/>
<xs:enumeration value="GOOSE"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tUnitMultiplierEnum">
<xs:restriction base="xs:normalizedString"">
<xs:enumeration value=""/>
<xs:enumeration value="m"/>
<xs:enumeration value="K"{>
<xs:enumeration value={M"/>
<xs:enumeration values"mu"/>
<xs:enumeration.valye="y"/>
<xs:enumeration.value="z"/>
<xs:enumeration value="a"/>
<xs:enumeration value="f"/>
<xs:enumeration value="p"/>
<xsrehumeration value="n"/>
<xs*enumeration value="c"/>
<xs:enumeration value="d"/>
<xs:enumeration value="da"/>
<xs:enumeration value="h"/>
<xs:enumeration value="G"/>
<xs:enumeration value="T"/>
<xs:enumeration value="P"/>
<xs:enumeration value="E"/>
<xs:enumeration value="2"/>
<xs:enumeration value="Y"/>

</xs:restriction>
(/yc-cimplnTypn»

<xs:simpleType name="tRightEnum">
<xs:restriction base="xs:normalizedString">
<xs:enumeration value="full"/>
<xs:enumeration value="fix"/>
<xs:enumeration value="dataflow"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tSDOCount">
<xs:union memberTypes="xs:unsignedInt tRestrName1stL"/>
</xs:simpleType>
<xs:simpleType name="tDACount">
<xs:union memberTypes="xs:unsignedInt tAttributeNameEnum"/>
</xs:simpleType>
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<xs:simpleType name="tSmpMod">
<xs:restriction base="xs:normalizedString">
<xs:enumeration value="SmpPerPeriod"/>
<xs:enumeration value="SmpPerSec"/>
<xs:enumeration value="SecPerSmp"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPredefinedPhysConnTypeEnum">
<xs:restriction base="xs:normalizedString">
<xs:enumeration value="Connection"/>

<xs:enumeration value="RedConn"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tExtensionPhysConnTypeEnum">
<xs:restriction base="xs:normalizedString">
<xs:pattern value="[A-Z][0-9A-Za-z\-]*"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPhysConnTypeEnum">
<xs:union memberTypes="tPredefinedPhysConnTypeEnum tExtensionPhysConnTypeEnum:/>
</xs:simpleType>
<xs:simpleType name="tServiceType">
<xs:restriction base="xs:Name">
<xs:enumeration value="Poll"/>
<xs:enumeration value="Report"/>
<xs:enumeration value="GOOSE"/>
<xs:enumeration value="SMV"/>
</xs:restriction>
</xs:simpleType>
<xs:simpleType name="tPredefinedTypeOfSecurityEnum">
<xs:restriction base="xs:normalizedString">
<xs:enumeration value="None"/>
<xs:enumeration value="Signature"/>
<xs:enumeration value="SignatureAndEncryption"/>
</xs:restriction>
</xs:simpleType>
</xs:schema>

<CODE ENDS>

SCL_BaseTypes.xsd
<CODE BEGINS>

<?xml version="1.0" encodjpg=xUTF-8"?>
<xs:schema xmlns:scl="http.//www.iec.ch/61850/2003/SCL" xmIns="http://www.iec.ch/61850/2003/SCL"
xmins:xs="http://wwww3.0rg/2001/XMLSchema" targetNamespace="http://www.iec.ch/61850/2003/SCL"
elementFormDefault=t'qualified" attributeFormDefault="unqualified" version="Mixed.2007B4">
<xs:annotation>
<xs:documentation xml:lang="en">
Informative general SCL schema for mixed systems version "2007" revision "B" release 4, for IEC 61850-6 Ed. 2.1.

COPYRIGHT (c) IEC, 2016. All rights reserved. Disclaimer: The IEC disclaims liability for any personal injury,
propertyor other damages of any nature whatsoever, whether special, indirect, consequential or compensatory, directly or
indirectly resulting from this software and the document upon which its methods are based, use of, or reliance upon.

</xs:documentation>
</xs:annotation>

<xs:include schemalocation="SCL_Enums.xsd"/>
<xs:attributeGroup name="agDesc">
<xs:attribute name="desc" type="xs:normalizedString" use="optional" default=""/>
</xs:attributeGroup>
<xs:complexType name="tBaseElement" abstract="true">
<xs:sequence>
<xs:any namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
<xs:element name="Text" type="tText" minOccurs="0"/>
<xs:element name="Private" type="tPrivate" minOccurs="0" maxOccurs="unbounded"/>
</xs:sequence>
<xs:anyAttribute namespace="##other" processContents="Ilax"/>
</xs:complexType>
<xs:complexType name="tUnNaming" abstract="true">
<xs:complexContent>
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<xs:extension base="tBaseElement">
<xs:attributeGroup ref="agDesc"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tNaming" abstract="true">
<xs:complexContent>
<xs:extension base="tBaseElement">
<xs:attribute name="name" type="tName" use="required"/>
<xs:attributeGroup ref="agDesc"/>

</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tIDNaming" abstract="true">
<xs:complexContent>
<xs:extension base="tBaseElement">
<xs:attribute name="id" type="tID" use="required"/>
<xs:attributeGroup ref="agDesc"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tAnyContentFromOtherNamespace" abstract="true" mixed="true">
<xs:sequence minOccurs="0" maxOccurs="unbounded">
<xs:any namespace="##other" processContents="lax"/>
</xs:sequence>
<xs:anyAttribute namespace="##other" processContents="lax"/>
</xs:complexType>
<xs:complexType name="tText" mixed="true">
<xs:complexContent>
<xs:extension base="tAnyContentFromOtherNamespace">
<xs:attribute name="source" type="xs:anyURI" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tPrivate" mixed="true">
<xs:complexContent>
<xs:extension base="tAnyContentFromOtherNamespace">
<xs:attribute name="type" use="required">
<xs:simpleType>
<xs:restriction base="xs;normalizedString">
<xs:minLength value="1"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
<xs:attribute name="Squrce" type="xs:anyURI" use="optional"/>
</xs:extension>
</xs:complexContent>
</xs:complexType>
<xs:complexType name="tHeader">
<xs:sequence>
<xs:element name="Text" type="tText" minOccurs="0"/>
<xs;element name="History" minOccurs="0">
<x5:complexType>
<xs:sequence>
<xs:element name="Hitem" type="tHitem" maxOccurs="unbounded"/>
</xs:sequence>
</xs:complexType>
</xs:element>

</xs:sequence>
<xs:attribute n ="id" ="¥s: i7pr1Qi-ring" ||cn—"rpquirpr1"’/>

<xs:attribute name="version" type="xs:normalizedString" use="optional"/>
<xs:attribute name="revision" type="xs:normalizedString" use="optional" default=""/>
<xs:attribute name="toolID" type="xs:normalizedString" use="optional"/>
<xs:attribute name="nameStructure" use="optional" default="IEDName">
<xs:simpleType>
<xs:restriction base="xs:Name">
<xs:enumeration value="IEDName"/>
</xs:restriction>
</xs:simpleType>
</xs:attribute>
</xs:complexType>
<xs:complexType name="tHitem" mixed="true">
<xs:complexContent>
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