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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER SYSTEMS MANAGEMENT AND ASSOCIATED INFORMATION

EXCHANGE - INTEROPERABILITY IN THE LONG TERM -

Part 102: CIM - IEC 61850 harmonization

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp

rising

all national electrotechnical committees (IEC National Committees). The object of IEC()is-"to prgmote

this end and in addition to other activities, IEC publishes International Standards, Technieal Specifica
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter“referred to as

iblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inter
in| the subject dealt with may participate in this preparatory work. International,~governmental and

reement between the two organizations.

e formal decisions or agreements of IEC on technical matters express,las)nearly as possible, an interna

interested IEC National Committees.

m

C Publications have the form of recommendations for interpational use and are accepted by IEC Na

C
Publications is accurate, IEC cannot be held responsibleyfor the way in which they are used or fo
mijisinterpretation by any end user.

infernational co-operation on all questions concerning standardization in the electrical and glectronic fields. To

ions,
“IEC
bsted
non-

T
P

in

governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
w|th the International Organization for Standardization (ISO) in accordance_with conditions determingd by
a

T

c

in

ional

nsensus of opinion on the relevant subjects since each technical\Committee has representation from all

tional

bmmittees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC

any

Inf order to promote international uniformity, IEC Ndtiohal Committees undertake to apply IEC Publicgtions

transparently to the maximum extent possible in Aheir national and regional publications. Any divergence

b¢tween any IEC Publication and the corresponding.national or regional publication shall be clearly indica
thie latter.

services carried out by independent certification bodies.

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

Np liability shall attach to IEC.or\ts directors, employees, servants or agents including individual expert
other damage of any nature, whatsoever, whether direct or indirect, or for costs (including legal fees

penses arising out of.the publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

5> TV

dispensable far.the correct application of this publication.

Attention is-drawn to the possibility that some of the elements of this IEC Publication may be the subj
patent rights./EC shall not be held responsible for identifying any or all such patent rights.

ed in

IHC itself does not provide any attestation @f conformity. Independent certification bodies provide confqrmity
agsessment services and, in some areas,\access to IEC marks of conformity. IEC is not responsible for any

5 and

mlembers of its technical committees and IEC National Committees for any personal injury, property damdge or

and
IEC

tention is drawn to.the Normative references cited in this publication. Use of the referenced publicatigns is

bct of

The | main’ task of IEC technical committees is to prepare International Standards. In
excgptional circumstances, a technical committee may propose the publication of a tech
specification when

hical

the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62361-102, which is a technical specification, has been prepared by IEC technical
committee 57: Power systems management and associated information exchange.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
57/1706/DTS 57/1948/RVDTS

Full information on the voting for the approval of this technical specification can be found in

ther

This

eport on voting indicated in the above table.

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

A lis
man
IEC

In th
.

The
the

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

—

L (
L
L (
A bil

t of all parts in the IEC 62361 series, published under the general title Power sys
ngement and associated exchange — Interoperability in the long term, can be found o
website.

is publication, the following print types are used:
ssociations: in italic type.

committee has decided that the contents of this publication ill remain unchanged
stability date indicated on the IEC website under "http://webstore.iec.ch" in the

ransformed into an International standard,
econfirmed,

ithdrawn,

eplaced by a revised edition, or

mended.

ingual version of this publication may\be issued at a later date.

ems
the

until
data

M
th

col

undlerstanding of its .contents. Users should therefore print this document usin

ORTANT - The 'colour.inside' logo on the cover page of this publication indic?t:es

it contains colours) which are considered to be useful for the cor

ur printer.

ct
j a
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INTRODUCTION

The IEC focuses primarily on specifying the payload of various functionally oriented messages

or file exchanges. This concept includes configuration files like those developed in all

IEC

power systems management standards. The different smart grid initiatives in the USA, Europe
and Asia have all recognized the necessity to establish solid standards for communicating
between all the "smart" devices. For interoperability purposes, it has been recognized, at an
early stage, that widely shared semantics would be necessary. Unfortunately, the semantic
models used by the technical groups have differed from the start due to the different needs for
|nformat|on exchange within substations and mformatlon exchange within control centres. This

. IST has recommended harmonization as a mechanism to decrease cost of(integratic
the Smart Grid.

e (CEN/CENELEC/ETSI Smart Grid Coordination Group report states: "Harmon
dlectronic data model and description language are missing” and strgngly recommends
dtudy of “Harmonized glossary, semantic & modelling between CIM-and IEC 61850”.

e HNTSO-E letter states: "There is also a need to performx “a’ harmonization bety
IEC 61850 and IEC CIM (Common Information Model Standards [...] There
dpplications which use both set of standards and’ ‘significant improvements
interoperability and data exchange between the applications should take place."

nin

ized
the

een
are
on

A nymber of studies and reports have already been produced on the subject of Harmonization

as ligted in the Bibliography.



https://iecnorm.com/api/?name=af796cfb58466ef492149d2bda65db24

-10 - IEC TS 62361-102:2018 © IEC 2018

POWER SYSTEMS MANAGEMENT AND ASSOCIATED INFORMATION
EXCHANGE - INTEROPERABILITY IN THE LONG TERM -

Part 102: CIM - IEC 61850 harmonization

1 Scope

This| part of IEC 62361, which is a Technical Specification, outlines a technical approaeh for
achigving effective information exchange between power system installations goverhedl by
IEC p1850 and business systems integrated with IEC CIM standard data exchanges, based
on a|selected specific set of use cases, but also with the goal of creating a framework that will
extend successfully to other use cases in the future. This document includes’proposals to
‘harmonize’ the two standards by adapting or extending existing informatien models and/or
defining new models, where such changes will enable more effective cofmmunication. Both
currént and future directions of models will be considered. The report will take into account
exisling standards for semantics, services, protocols, system configuration language, |and
archjtecture.

It was intended to be coordinated with IEC 61850 and all*affiliated subgroups as we|l as
IEC p1968 and IEC 61970. This edition of the document was prepared based on Edition|2 of
IEC p1850-6 (2009), IEC 61850-7-3 and IEC 61850-7-4 and has been updated to match the
forthcoming Edition 2.1. Mapping to other parts of{|EC 61850 is incomplete. Mapping|has
been considered for the CIM classes defined in IEG(61970-301. The mapping to CIM clagses
defined in IEC 61968-11 and other standards is incomplete.

This| document suggests a technical appréach by which two of the leading standardg for
software interoperability that serve thedlelectric utility industry (the Common Information
Modgl, CIM, and the IEC 61850 model) can cooperate in order to enable effective data
exchanges between the domains covered by these standards. Both of these standards| are
maintained by the International Electrotechnical Committee (IEC).

A number of studies and reports have already been produced on the subject of harmonization
as listed in the Bibliography.

The |work leading to this Technical Specification has considered how exchanges required by
commonly understood use cases might be mapped between the standard models in ordér to
detefmine the hatmonizing changes suggested for the relevant models. The report references
any papers, feports or other documents that provided data for this harmonization.

The [appreach is to define a transformation of the data governed by IEC 61850 SCL XSP to
datal governed by CIM UML. The transformations in this document are defined based on the
use cases presented in this document. Only SCL data relevant to these use cases is
transformed.

The aim is to allow the development of tools that perform automatic transformation from an
SCL instance file into a CIM based instance model that can then be exported using existing
standards such as IEC 61970-552: CIMXML Model exchange format.

These transformations will result in CIM-side processes that can distribute the information as
needed for configuration of specific CIM applications. It is also presumed that the result of this
exchange will be to enable creation of real-time CIM-side clients for IEC 61850 system data.

The heart of the SCL to CIM transformation specification defined in this document is a
mapping between the two information models. Wherever this mapping has been judged to be
unnecessarily complex, changes have been recommended to the existing information models.
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A major objective, however, has been to define a solution that does not change either SCL or

CIM

UML without a mechanism to supply backward compatibility.

The transformation specification is only for structural modelling. IEC 61970-301 states “CIM
entities have no behaviour.” IEC 61850-5 states “the behaviour of the functions itself are ...

outs

ide the scope of this standard”.

This document is a Technical Specification — not a standard. Paragraphs introduced by the
word Recommendation are recommendations for revisions to some of the IEC 61850 and CIM
standards. It is anticipated that if these recommendations are accepted, then this report can

be r
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Normative references

following documents are referred to in the text in such a way that some.or all of

applies. For undated references, the latest edition of the referenced-document (inclu
bmendments) applies.

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

61850-6:2009, Communication networks and systems\for power utility automatid
6. Configuration description language for communication in electrical substations re
Ds

61850-7-3, Communication networks and systems for power utility automation — Part
c communication structure — Common data“¢lasses

61850-7-4, Communication networks_and systems for power utility automation — Part
c communication structure — Compatible logical node classes and data object classes|

art 80-1: Guideline to exechanging information from a CDC-based data model U
60870-5-101 or IEC 60870-5-104

51968-11, Application integration at electric utilities — System interfaces for distribd
ngement — Part-11; Common information model (CIM) extensions for distribution

TS 6197032, Energy management system application program interface (EMS-AR
2: Glossary

£51970-301:2013, Energy management system application program interface (EMS-A

Part

their

ent constitutes requirements of this document. For dated references).only the edjtion

ding

n_

ated

7-3:

7-4:

TS 61850-80-1:2009, Commtnication networks and systems for power utility automation

sing

ytion

) —

DI) —

3071: Common information model (CIM) base

IEC 61970-452:2015, Energy management system application program interface (EMS-API) —

Part

452: CIM static transmission network model profiles

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

3 Terms, definitions and abbreviated terms

For the purposes of this document, the terms and definitions given in IEC TS 61850-2,

IEC

61850-6 and IEC TS 61970-2 and the following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following

addr

esses:

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

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

NOTE The following terms and definitions are critical to the understanding of this document and are repeated
here for convenience.

3.1
3.1.1

Terms and definitions

Con
CIM
abst
neeq

attributes for these objects, as well as the relationships between them

Note
appli
as a
interd
imple|

Note
funct

sepatfate IEC documents that augment and reference this base CIM standard. For example, IEC 619

addrg
deali
theseg

[SO

3.1.2

Syst
SCL
file
conf]
(fun
exch
tool

3.2

In g
follo

repeated_here for convenience:

mon Information Model

ract model that represents all the major objects in an electric utility enterprisg typi
ed to model the operational aspects of a utility, which includes publie. classes

1 to entry: The objects represented in the CIM are abstract in nature and may béldsed in a wide vari
ations. The use of the CIM goes far beyond its application in an EMS. This documént should be under
tool to enable integration in any domain where a common power system model is needed to fac|
perability and plug compatibility between applications and systems,‘independent of any part
mentation.

P to entry: IEC 61970-301 defines the CIM Base set of packagés’ which provide a logical view ¢
onal aspects of an Energy Management System including SCADA¢Other functional areas are standardiZ

sses distribution models and references this base CIM stafidard. While there are multiple IEC stan
g with different parts of the CIM, there is a single, unified{information model comprising the CIM behi
individual standards documents.

URCE: IEC 61970-301:2016, Introduction]

4
em Configuration description Language

format for describing communication-related IED (Intelligent Electronic De
gurations and IED parameters, communication system configurations, switch

ttion) structures, and thelrelations between them, the main purpose of which i
ange |ED capability déscriptions and SA system descriptions between IED engineq
and the system engineering tools of different manufacturers in a compatible way

Abbreviatedterms

eneral, the abbreviations defined in IEC TS 61850-2 or IEC TS 61970-2 apply.
wing abbreviations are particularly useful for understanding this document and
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CDd Common Data Class [IEC 61850]

CIM Common Information Model

DA Data Attribute [IEC 61850]

DMS Distribution Management System

DO Data Object [IEC 61850]

EMS Energy Management System

ICD IED Capability Description [IEC 61850]
1D Instantiated IED Description [IEC 61850]
IED Intelligent Electronic Device [IEC 61850]
LD Logical Device [IEC 61850]

LN Logical Node [IEC 61850]
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SCADA Supervisory Control and Data Acquisition

SCD System Configuration Description [IEC 61850]

SCL System Configuration description Language [IEC 61850]

SCT System Configuration Tool

SED System Exchange Description [IEC 61850]

SSD System Specification Description [IEC 61850]

uulD Universally Unique Identifier

4 Psecasesummary

4.1 | General

A ndmber of use case titles were proposed. As the subject is complex, it was” decidgd to
condentrate on the use case SCADA/EMS/DMS configuration from IEC 61850 SCL. Thjs is
basgqd on the top-down approach to substation automation design described in IEC 61850-4
and |[EC 61850-6.

It is
goo
IEC

expected that the mapping rules determined by mapping from TEC 61850 to CIM will pe a
d base for developing mappings for other use cases that-take information from CIM to
£51850.

The |following use cases have been considered. For further details, see Annex A, Use ¢ase

detajls.

4.2

SCADA/EMS/DMS configuration from IEC 61850 SCL

NOTHE This use case is written using the example of afransmission substation automation system, but the ggneral

step

s| are applicable to any power system related localrautomation system.

The use case starts with requirements specification determined by a planning department
g.g. following a request for a new-\connection or a review of assets or load growth. In| this
yse case the requirements are expected to be defined in paper form, not in a [CIM
glectronic format. [Managingrequirements in electronic format is another use case]

The [next few steps of the usé case use the top-down engineering process described in more
detajl in IEC 61850-4 and IEC 61850-6. IEC 61850-6 refers to a number of different types of
software tool for creating and editing different types of SCL file. In this document the ferm
System Configuration-Tool (SCT) is used as a generic term for multi-function software {ools

that fare capable of system specification and system configuration.

he System Configuration Tool (SCT) is used by a System Engineer to model any [SCL
efined-installation, for example an electrical substation. The process starts by creating a
fprmmal ) specification of the system requirements. The engineer inputs information on
rimary equipment types, names and connectivity, typically based on the station's s1ngle
line diagram. The required monitoring, protection, local automation and other functions
may be described as template Logical Nodes that are allocated to the equipment or
container instances.

This formal model can be exported from the System Configuration Tool as a System
Specification Description (SSD) file.

This SSD file can then be transformed and/or imported into a CIM based modelling tool for
review. If necessary, comments may be provided on paper or verbally for the System
Engineer to update the model in the SCT. The review cycle may be repeated several
times.

In the next phase of the design process, the System Configuration Tool is used to import
descriptions of the capabilities of specific Intelligent Electronic Devices (IEDs). The
System Engineer extends the automation system model by redefining the required Logical
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Nodes with specific instances of Logical Nodes with specific types of IEDs. The final
phase of the automation system design is to define the communication configuration.

e At any stage during this process, the automation system model can be exported as a
System Configuration Description (SCD) file.

e |EC 61850-6 describes how this SCD file is used as an input to IED tools in order to
provide the IED specific configuration including the configuration of the communication
between |IEDs.

This use case describes additional steps

. he-same-SChb-filte—is—also—used-as—aninputforaCiMbasedmodeling-toot—neeessary
the model may be updated in the SCT and the review cycle repeated.

e (CIM information which is required for EMS or DMS applications, but which is not present
gr derived from information in the SCD file, is added within a CIM based modelling tool.

e The output of the CIM model tool is an incremental update that can\be applied to
$CADA/EMS/DMS control centre systems.

NOTHE The mapping is independent of whether the SCL describes a proxy view of ‘the“data as presented|by a
gateway device, or the more detailed view of the physical IEDs.

IEC TR 61850-90-2 states “... a logical node that appears in the data model of| the
Proxy/Gateway includes all mandatory data and those optional_data of the respective logical
nod¢ of the IED, which are used by the control centre.” It ‘'should be noted that some of the
datal items defined as mandatory by IEC 61850 are~not relevant for control centre
communications.

4.3 | Importing SCADA/EMS/DMS requirements into IEC 61850 SCL
4.3.1 General

Reqguirements may be expressed in a CIM based electronic format. The translation into a
humpn readable format or automatic translations into a format that can be imported intd the
IEC p1850 System Configuration Tool are considered as a separate use case to that of
tranglating SCL to CIM.

The |CIM based electronic format would be used to define that part of the SCL “Substatjon /
Line|/ Process: [that] deseribes the primary process related functions and devices, elecfrical
connections on single line level (topology), and the designation of equipment and functiong.”

The |information of the Substation/Line/Process section is usually not used within IEDs. (It is
usuglly used only-within system configuration tools.

4.3.2 Recommendation for harmonization: SCL Process/Substation/Line section

Recpmmendation R1: In the medium to long term, investigate the mapping for| the
transformation of CIM models into SCL. Tt may be possible to generate the SCL
Process/Line/Substation section with an XML schema directly generated from an appropriate
CIM profile or profiles. It may be necessary to consider extensions to the CIM in order to
model additional types of assets, functions and equipment, and/or IEC 61850 model features
such as Logical Nodes.

4.4 SCADA commissioning use case

The final step of the SCADA/EMS/DMS commissioning use case is “Perform Test and
Validation to turn on SCADA and receive |IEC 61850 data, and execute commands”. This can
also be considered as part of the SCADA Commissioning Use Case. The CIM update
information will be incorporated into the online SCADA and the new measurements and
controls commissioned. Bi-directional real time end-to-end data transfer between IEDs and
the control centre can then take place.


https://iecnorm.com/api/?name=af796cfb58466ef492149d2bda65db24

IEC TS 62361-102:2018 © IEC 2018 -15 -

Commissioning requires that the configuration of the communication links in the control centre
is consistent with the configuration of the communication links with the IEDs in the field. The
communication with the IEDs may be direct or via proxy or gateway devices. The
communication messages may use IEC 61850 client-server services for all communication or
they may use other standard or proprietary communication protocols for some of the
communication links.

Typical engineering data exchanges used in the configuration and commissioning use cases
are shown in Figure 1. The upper half of the diagram shows the CIM based control centre
processes and the lower half of the diagram shows the IEC 61850 based processes.

The [left side of the diagram shows the engineering data exchanges required for engineelering
design and configuration. The right side of the diagram shows the real-time [|data
communication that can take place after all the systems have been correctly configured.
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Figure 1 — IEC 61850 and CIM data flows

Substation—to controt—centre _communication via 1EC 6 1850-8-1 15 expected to use the
guidelines from IEC TR 61850-90-2. Communication via IEC 60870-5-104 is expected to use
the mapping guidelines defined in IEC TS 61850-80-1.

4.5 Volt Var control use case

This use case builds on the configuration and real time data use cases. Coordinated volt var
control requires that the control centre has a consistent view of not only the network
equipment and its measurements as described in the configuration use case, but also
appropriate information about the equipment parameters, the remote control capabilities and
settings used by local automation. This use case was considered relevant but was not
examined in detail due to time constraints. The particular issues for volt-var control including
the modelling of distributed energy resources (DER) will be addressed in detail in a future
document.
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For an example, see Tanaka, T; Tsuchiya, T; Katayama, S; Serizawa, Y; Fujikawa, F; Otani,
T, "Basic Concept and Verification of Distributed Real-time Computer Network Architecture for
Power systems", CIGRE 2004, D2-105, 29 August-3 September 2004.

4.6 Wide Area Monitoring, Protection and Control (WAMPAC) for transient stability

This is a particular example of using a model of the power system network with specific status
and analog measurements as shown in Figure 2. Details of the use case are given in
Annex B.

In agdition, power grid operators are required to mitigate possible severe consequencep by
taking minimum required control actions every time when they face "severe operating
conditions. As a mitigation measure, hierarchical WAMPAC can provide the’preventive coptrol

or emhancement control by shifting an operating point.

IEC/TS 62361-102

WAMPAC System Mapping Rule
CIM IEC 61850
WAMPAC CE
Cohtrol Center ‘ %?es
ower System CIM Objects PDC T l
Qperation, Boundary Data Set Mapping
|esource Boundary Data Set id CIM IEC 61850 a agg disagh
Measurement and {CIM, IEC 61850 object } data
Cpntrol Points Harmongzation | L ) | -
Supstation -
IED, Equipment IEC 61850 Objects htearation Rule 1 1
Abstraction
Aggregation PMU,IED

IEC

Figure 2 — Mapping for Wide Area Monitoring Protection and Control

NOTHE CE: Central Equipment, PDC: Phasor Data Concentrator, PMU: Phase Measurement Unit, IED: Intelligent
Electfic Device.

5 Mapping SCL to SCADA/EMS/DMS relevant CIM

5.1 Business requirements

The lJuse’case gives the context for some high level business requirements for transformation
and mapping. There are two main variants, create a new CIM model, or update an existing
CIM model.

e Importing and transforming an SSD or SCD file with minimal, partial or full logical node
details into a CIM based SCADA/EMS/DMS modelling tool (see Appendix A for more on
modelling tools) to create a new CIM model for review and/or subsequent processing.

e Importing and transforming an SSD or SCD file with partial or full logical node details into
a CIM based modelling tool to create, delete or update the relevant instances and
associations within an existing CIM model.

A CIM based modelling tool should allow CIM information not modelled in the SSD or SCD file
to be added to an imported and transformed model. As far as practical, the tool should
preserve this additional information during any updates.
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5.2 Profiles

This Technical Specification provides a general mapping but does not define whether data
elements are mandatory or optional. It is expected that subsets of the mappings, including
definitions of mandatory data, may be specified in the form of profiles that apply either to the
SCL or the CIM models.

5.3 IEC 61850 modelling principles
5.3.1 Introduction

The rmitiat e tEE-64856 . L . | . tion
systems. This included the definition of communication services, data models,'and a
confjguration description language. The initial application use cases were concerhed |with
protection, control and monitoring. From 2009 and onwards the IEC 61850 seriesihas been
updated and extended for other domains. Edition 2 also redefined the models-\for statigtical
and historical data handling.

The | concepts defined in IEC 61850 have been applied beyond theJ substation dofnain
inclyding modelling automation systems for hydropower plants, distributed energy resouices,
and |wind turbines. Work is in progress for other applications ,sugh as distribution fegpder
automation.

Subg¢lauses 5.3.2 to 5.3.4 are a summary of the key features of the IEC 61850 Sysgtem
Configuration description Language.

5.3.2 System Configuration description Language (SCL)

IEC p1850-6 specifies a file format for describing communication and parameters relatdd to
IED | (Intelligent Electronic Device) configurations, communication system configurations,
swit¢hyard (function) structures, and the, relations between them. The main purpose of the
format is to exchange IED capability .descriptions, and system level descriptions between
engipeering tools of different manufacturers in a compatible way.

The ffile format language is called-System Configuration description Language (SCL).

It provides a way of describing the following:

e Frimary system equipment and connectivity (single line) description,
e (Communicatian‘eonnection description,
e Iptelligent €lectronic Device (IED) capabilities,

e Allocation-of logical nodes within physical IEDs to the corresponding primary equipment or
dontainer.

5.3.3—+togical DevicesandLogical Nodes

IEC 61850 is concerned with automation systems that consist of one or more Intelligent
Electronic Devices (IEDs) connected by a communication system. Typically, IEDs are
communication servers. The IED model is also used for clients, routers or clock sources.

The principle use case for this document is concerned only with IEDs that are servers
providing data that may be of interest in the control centre. The following summary is an
overview of the data models for these types of IED.

¢ An Intelligent Electronic Device is a physical device

e Each IED/physical device contains one or more instances of Logical Devices (LD)

e Each Logical Device contains at least one instance of a Logical Node (LN)
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e Each Logical Node is a standardised set of related Data Objects (DO)
e Data Objects have standard types called Common Data Classes (CDC)
e Common Data Classes define a set of Data Attributes (DA)
o Data attributes can be

— Status information (digital values)

— Substituted values

— Measurands (analogue values)

— Operation or control requests

4 Settings

-1 Description

4 Configuration

1 Name space definitions
Some of the IEC 61850 data attributes correspond to traditional SCADA(djgital, analogue|and

counter objects. Controls are modelled as services that can be applied to relevant Data
Objgcts.

Compared to the data point lists of traditional SCADA protocols,JEC 61850 allows systens to
be designed and configured using fewer but more complex objects.

5.3.4 SCL sections

The |[SCL as defined in IEC 61850-6 has a number.of-sections:

Jubstation / Line / Process Section: describes the primary process related funciions
gnd devices like a switch yard in the fufctional view according to IEC 81346-1, elecfrical
donnections on single line level (topology), and the designation of equipment |and
flinctions

of
for

b) IED Section: describes the_capabilities or configuration of each IED in term
dommunications and logical.nodes. It may also define the default or configured value
individual data objects.

oo

Communications Section: contains communication-related object types such| as
qubnetworks and _cemmunication access points, and describes the communication
donnections betwegen IEDs as a base for communication paths between logical nodes as
dlients and servers:

ach
eis
Quilt (from data objects (DO) elements, which have a DO type. DOTypes consigt of
dtifibutes (DA) or other defined DO types asic
tipe—be—an sreration—o : ither
defined DA types.

ata Type_ Templates section: defines instantiable logical node types. A Iogicaliode

In the SCL context the term “logical node container” means the primary equipment or
substation/line/process that is associated with zero or more logical nodes.

Technically, the Logical Nodes are software entities contained within physical IEDs.

5.4 Mapping overview
5.4.1 SCL Document Types

Different subsets of the SCL language are used at different stages of the design, installation
and commissioning processes. Mapping to the CIM is concerned with the following document
types:
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e System Specification Description (SSD). This describes the primary equipment, single line
diagram and functions of the substation, plus the required logical nodes. It must contain a
substation description section and may contain the needed data type templates and logical
node type definitions.

e System Configuration Description (SCD). This file contains the substation description
section; the IED description section including the data flows and Data Type Templates;
plus, a section to describe the local communication configuration.

5.4.2 General mapping principles

Table 1 shows an overview of the main categories of data within SSD or SCD documents,
together with their main CIM counterparts. The details are considerably more complex and are
desdribed in Subclauses 5.4 to 5.9.

Table 1 — Overview of SCL and CIM counterparts

SCL Section SCL Description CIM

Header SCL schema version and document |No equivalent
revision history

Substtation / Line / Process Equipment, SubEquipment Substation, Plant, Lines or other

. . lo€ation containers
Function, SubFunction

. ) \loltage Level
= primary process related functions

and devices Bay

PowerSystemResources

Subsjtation / Line / Process Terminals, ConnectivityNodes Terminals, Connectivity Nodes &

. . . . |associations
= electrical connections,on single line

level (topology)

Diagfam coordinates (optional — see |coordinates to draw a single-line Diagram layout
note pelow) diagram corresponding to the
electrical connectivity
IED lnstances Containers for Logical Devices and |Remote Unit or EndDevice
Logieal Nodes.
IED instances containing specific Analogue Measurands, Status and CIM measurements (analogs,
typeq of Logical Nodes, Data Controllable objects discretes, accumulators) & contrpls
Objeg¢ts, Data Attributes (commands, setpoints)
IED instances containing specific Settings and Parameters CIM object attributes or associatjons

typeq of Logical Nodes, Data
Objetts, Data Attributes

Communication Description of the communication CommunicationLink or classes frpbm
configuration IEC 61968-11

EacT of thése data categories requires a set of mapping and/or transformations.

SCL files include a header section which can be used to define the revision history or version
management information of the contents. At present the core IEC 61970-301 model does not
define any specific model for version management. A generic method for modelling proposed
or implemented changes for any CIM based application is currently under discussion.

The Substation / Line / Process section describes the primary system equipment and
therefore has considerable overlap with the CIM. This section may also describe the one-line
connectivity. Whilst both models have classes for Terminals and Connectivity Nodes, the
treatment of phase information in the SCL and CIM models is different.

IEC 61850 defines an informative i.e. optional extension format to allow diagram coordinates
and symbol orientation to be defined for the primary equipment and/or for the communications
system. However, it is not as rich as the CIM diagram layout model; for instance, it does not
define how to define symbol scaling.
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All equipment and equipment containers defined in the Substation / Line / Process section can
have associated Logical Nodes. Within a SSD document, these Logical Nodes are template
types. Within a SCD document, the Logical Nodes are specific instances within specific IEDs.

IEC 61850-7-4 defines a set of Data Objects for each type of Logical Node. IEC 61850-7-3
defines standard Data Attributes for Data Objects. Many of these Data Objects or Data
Attributes are optional. The IED and Data Type Template sections of the SCL file are used to
define the types or instances of Data Objects and Data Attributes for each type or instance of

Logi

So

cal Nodes for specific IEDs.

o of these Data ﬂhjnPfQ [ Data Attributes Pnrrnepnnd to CIM Measurements. In t

ese

case
equi
ASS4

Othe
> Ld
Powj

The
for t
nom

setti
map

So
Figu
CIM

The
SCL
the

s, the association {Equipment —> Logical Node —> Data Object —> Data Attribut,
valent to the CIM association of {Power System Resource -> MeasurementValu
pt->MeasurementValue}.

r Data Objects correspond to CIM Controls. In these cases, the association {Equipmé
gical Node —> Data Object —> Data Attribute} is equivalent to the(€IM associatig
er System Resource -> Control or Asset->Control.

Substation / Line / Process section only defines the basic types; names and descripf
he primary system equipment. A limited number of attributes are available such as

ngs the associations {Equipment —> Logical Node ~>Data Object —> Data Attribute}
to attributes belonging to the CIM object classes:

e of the general mapping principles described above are shown in Figures 3 an

inheritance hierarchy of the SCL.is similar but not the same as that of the CIM. W
the type of conducting or non-conducting equipment is defined by a type code, whil
CIM the equipment type is defined by a concrete class.

b} is
e or

xnt —
n of

ions
the

nal voltage and nominal frequency. In the IEC 61850 model, settings and configuration
parameters may be defined within associated Logical Nodes. For some (but not all) of

the
may

d 4.

e 3 shows a simplified representation of the'main equipment hierarchy in the SCL anpd in

ithin
st in
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class Equipment_Mapping /

tNaming CIM::IdentifiedObject
ED SNEGE o e e e e e e e e e e e mRID =ing
desc :string name :string

A

tLNodeContainer

CIM::
¥ PowerSystemResource
tEquipment - e e e e e e e mm e mm mm e mm omm omm omm =P CIMiEquipment
tAbstractConductingEquipment CIM::

ConductingEquipment

—™

tConductingEquipment

CIM::Breaker

SEL Equipment identification CIM Equipment Identification

-l type

IEC

Figure 3 — Equipment mapping

Figure 4 shows a correspondence bé&tween Data Objects in the SCL and some of the [CIM
clasges in the Measurement package. Comparing the measurement models, equipment in
SCL|is associated with zero or ‘more Logical Nodes, whereas in the CIM, Equipment, or more
gengrally, PowerSystemResources, are associated with zero or more Measurement instances.

Notg that in IEC 61850\the term Measurand is used for some types of Data Object|that
contpin analogue valtues, whereas the CIM Measurement class is a generic class that |may
havg discrete, analogue or accumulator subclases.
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class

Measurement_Mapping /

tNaming CIM::IdentifiedObject
- name :tName - mRID :string
= GRS EihY IED = =P CIM::RemoteUnit - _name :string
tLNodeContainer Y
4 LogicalDevice
CIM::
tPowerSystemResource PowerSystemResource
i /
[ LogicalNode T

CIM::RemotePoint

. CIM::Equipment
tEquipment CIM::Measurement o

— -
Z_ DataObject -

CIM::RemoteSource

CIM::Discrete

i/

CIM::
ConductingEquipment

AbstractConductingEquipment DataAttribute

~
~
CIM::DiscreteValue

tConductingEquipment

-| type

CIM::Breaker

CL Equipment identification SCL Status, Control CIM Measurement Data CIM Equipment Identification
and Settings data

5.5
5.5.1

The

The
proci
SCL
neeq
cont
perf
attagq
attaq

Figure 4 — Example of equipment-and status measurement mapping

SCL Substation section mapping
Overview

following text is reproduced’from IEC 61850-6:

Process model is.an object hierarchy based on the functional structure of the pri
ess. Special primary processes are the Substation and the Line, which have their
elements. [The)generic Process element shall be used] ... to model any additio
Jed structuring-levels of a power grid above the substation ... Although each object is
nined, its<reference designation is derived from its place in the hierarchy. Because
brm functions within the complete context of the Process / Substation, they caf
hed~as functional objects at each function level. Typically, a switch controller L
héd to a switching device, while a measuring LN is attached to the bay, which del

IEC

nary
own
hally
self-
LNs
) be
N is
vers

the

easurands and transformer-related | Ns are attached to the npprnprinfp transformer

The

purpose of the process model is

e to relate a logical node and its function to a process function (substation, process or line
part or equipment or sub-equipment);

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

Logical nodes (LNode) can be attached at each level of the structure (i.e., substation, voltage
level, bay, equipment, subequipment respective function, subfunction). Power transformers
(PowerTransformer) can also be attached at the structure levels substation, voltage level and
bay. Conducting equipments (ConductingEquipment) can only be attached to the bay level.

Logi

cal node instances at the same level shall have different identifications.
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NOTE 1 In the first paragraph “function” is used in the general sense and not the specific SCL element type called
function.

NOTE 2 In practice measurement logical nodes may be attached to any of the elements that inherit from
tLNodeContainer including ConnectivityNodes. However logical nodes cannot be allocated to terminals.

Figures 5 to 7 show UML class diagrams that correspond to the entities in the IEC 61850 SCL
Process/Line/Substation section. For clarity, this is presented as several diagrams and the
classes EqFunction and EqSubFunction have been omitted.

Figure 5 shows the main inheritance structure for equipment and equipment containers.
Equipment may be either GeneralEquipment without electrical connectivity; or conducting
equipment with terminals that connect to connectivity nodes. Power transformers, windings
and tap changers have specific entities.

The [SCL inheritance hierarchy is similar but not the same as that of the CIM. Within the $CL,
the fype of equipment is defined by a type code whilst in the CIM the equipment type is
defined by its concrete class.
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class Substa rarchy /

tBaseElement

tUnNaming o
v dex - name
- desc
tLNodeContainer
tTerminal o
+ [rame -
+ | connectivityNode - ::Idf\:me
+ | processName - V;
+ | substationName = [
- InClass
+ | voltageLevelName e i
+ |bayName ° |:‘p | ba tyNode| ] ;
+ | cNodeName yp:! pa—

tProcess

tEquipment

tSubstation "|
tPowerTransformer
tVoltageLevel "

type = PTR

tAbstractConductingEquipment

tFunction
bFunction t
+
+ type =PTW

tTapChanger

tSubEquipment

phase

+ type

+ type=LTC

+ type

IEC

Eigure 5 — UML class diagram of SCL entities showing inheritance



https://iecnorm.com/api/?name=af796cfb58466ef492149d2bda65db24

IEC TS 62361-102:2018 © IEC 2018 - 25—

Figure 6 shows both the inheritance structure and the containment associations for
equipment.

class Substation_Containment /

tBaseElement tBaseElement
tUnNaming tNaming
+ desc - name
- desc
tLNodeContainer
tLNode 0.
- iedName
- Idinst
- prefix
- InClass tPowerSystemResource
- Ininst
- InType

| tGeneralEquipmentContainer

0.*
tEquipmentContainer
tLine 0
p.” | tEquipment |
tSubstation T

0.*

1.%

tVoltageLevel tPowerTransformer

+ type =PTR

tVoltage

A\

tAbstragtConductingEquipment |

ay ‘
0.* g.* 0«
tFunction 0
\1..
0.*
tTransformerWinding
fSubFunction
+ type =PTW

I \ 0.2 O\ 0.* \
q 0.1
N tConductingEquipment
q

palelie

;

N
+ type tTapChanger
7 v + type =LTC
o tGeneralEquipment
+ type
0.*

IEC
Figure 6 — UML class diagram of SCL entities showing inheritance and containment
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Figure 7 shows the connectivity modelling using Terminals and ConnectivityNodes. It also
shows that phase information may be defined in SubEquipment instances associated with
power transformers, windings, tap changers and all other types of ConductingEquipment.

class Equipment_Connectivity/

tBaseElement
tNaming

- name
- desc

tLNodeContainer

tPowerSystemResource

T

tEquipment
tSenoralEqulpmely tAbstractConductingEquipment tPowerTransformer
+ type
Z( +~type = PTR
tConnectivtyNode \ 0.*
pathName 1.7 tSubEquipment
+ phase
{ ‘BassElEElY tConductingEquipment tTransformerWinding
tUnNaming 0.*
+ type + type =PTW
+ desc
0. 4— A
tTerminal
tTapChanger
name
connectivityNode +neutralPoint + type=LTC
processName

substationName:
voltageLevelName
bayName,
cNodeName

+oF o+ o+ o+ o+

IEC

Figure Z="UML class diagram of SCL equipment connectivity and phase information

5.5.2 SCL elements and CIM classes mapping

The high-level mapping between SCL elements and CIM classes is shown in Table 2. Some
elements such as Process or Function map to more than one CIM class. In these cases, any
SCL to CIM implementation must use local mapping rules, for example based on the element
names.
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Table 2 — Mapping between SCL data types and CIM classes

SCL element

SCL description

CIM Class

Process

the whole or part of a primary
process. Parts of power grids
containing several substations or
lines.

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

Plant
GeographicalRegion
SubGeographicalRegion

contain equipment elements. It can
be recursively used

Line

a power line connecting several
substations.

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

Line

Substtation

the object identifying a whole
substation

Substation

VoltggeLevel

an identifiable, electrically connected
substation part having an identical
voltage level.

VoltagelLevel

Voltage states the voltage used atéa yoltage |BaseVoltage
level
Bay an identifiable part,orssubfunction of |Bay
the switch yard (substation) within
one voltage leyel
Equipment an apparatus within the switch yard, |See the descriptions for

for example‘circuit breaker,
disconngector, voltage transformer,
power transformer winding etc.

Equipment has an attribute ‘type’
which is an enumerated code.

ConductingEquipment and
GeneralEquipment

ConductingEquipment

Subclass of Equipment for equipment
that forms part of the primary power
system.

Subclass of AuxiliaryEquipment
SurgeArrester

£.g.

or subclass of ConductingEquipment
GengralEquipment Subclass of Equipment for auxiliary |Subclass of AuxiliaryEquipment
equipment . )
or subclass of ConductingEquipment

e.g. AsynchronousMachine

SubHquipment

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

ACLineSegmentPhase
SwitchPhase

Pl
T

= ral
cHErgYySoisStie—asSe

ShuntCompensatorPhase

TransformerTankEnd

ConnectivityNode

the (electrical) connectivity node
object connecting 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.

ConnectivityNode
plus
BusbarSection or

Junction
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SCL element SCL description CIM Class

Terminal an electrical connection point of a Terminal
primary apparatus 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 AuxiliaryEquipment
substation, voltage level or bay level, ) .
either independent from the basic ProtectionEquipment

switch yard functionality like
firefighting or building supervision, or
gspart of theswitchryardtike mmaim—t—Comntaimed-togicatmodes may e

AssetFunction

protection and main 2 protection. mapped to the measurements
associated of the parent equipmegnt
class.
SubHunction a hierarchical subpart of a Function |As Function

or SubFunction, e.g. earth fault
protection as subpart of the main 1
function.

EqgFynction allows additional functions at or As Functioh
below Equipment level, e.g.
redundant functions on the same
equipment.

Contained by tConductingEquipments
tGeneralEquipment , tSubEquipmenty
tPowerTransformer,
tTransformerWinding, tTapChanger.

EqSybFunction a hierarchical subpart of an As Function
EqFunction or EQSubFunction.

PowgrTransformer special equipment, which can PowerTransformer
hierarchically be located below
Substation, VoltagelLevel or Bay. It
contains Transfoermer windings as
equipment,which might again have a
relation. tora'tap changer.

A power'transformer usually connects
between two or more voltage levels.

Trang$formerWinding Rart of a PowerTransfomer TransformerEnd
PowerTransformerEnd
TransformerTankEnd

Tapdhanger Part of a PowerTransfomer TapChanger
PhaseTapChanger

RatioTapChanger

Somle‘equipment such as extra high voltage switch gear and transformers may be physitally
separate—equipmentperphase—Fhis—may-berepresentedinthe-SClLas—eonreinstance—of the
three-phase equivalent equipment with three instances of sub-equipment, one for each of the
phases. Depending on the application of the CIM model, the CIM model could be either the
three-phase equivalent or the three single-phase equipments. For more details, see 5.10,
Phase modelling.

IEC 61850-6 has the definition of Function/SubFunction that represents application
aggregates of PowerSystemResources and/or LogicalNodes. Currently, there are no clear
corresponding entities within CIM for mapping this concept.
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5.6 Equipment types and codes

5.6.1

General

— 29 —

Within the SCL, the type of equipment is defined by a type code whilst in the CIM the

equipment type is defined by its concrete class.

5.6.2

Equipment type code mapping

Table 3 shows all the type codes defined in IEC 61850-6:2009 Table 5 and Table 9 with a
correspondence to one or more CIM classes defined in IEC 61970-301. It also includes some

ClIMrctassesthatare usedmtEC 61976-452, butdo ot trave correspondimgtype codes in
IEC 61850.
If details of network connectivity are not required e.g. for condition monitoring, fthen
equipment can be mapped to instances of CIM Asset.
Table 3 — Equipment type codes
Type Code IEC 61850 Meaning Number of terminals CIM (IEC 61970-301) glass
AXN Auxiliary Network None No corresponding CIM
class
BAT Battery 1 No corresponding CIM
[and charging system] (Note 1) class
BSH Bushing 2 Connector
CAB Power cable 2 ACLineSegment
DCLineSegment
CAP Capacitor bank 1/2 ShuntCompensator
SeriesCompensator
CBR Circuit Breaker 2 ProtectedSwitch
Breaker
Recloser
CON Conyerter 1/2 FrequencyConverter
CTR Current Transformer 2 CurrentTransformer
DIS Disconnector or earthing 2 Switch
switch Disconnector
Fuse
Jumper
LoadBreakSwitch
GroundDisconnector
Sectionaliser
EFN Earth Fault Neutralizer 1 PetersenCoil
(Petersen coil)
FAN Fan Oor1 No corresponding CIM
(Note 1) class
FIL Filter Oor1 No corresponding CIM
(Note 1) class
GEN Generator 1 GeneratingUnit
GIL Gas Insulated Line (or line |2 ACLineSegment

segment)

DCLineSegment
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Type Code IEC 61850 Meaning Number of terminals CIM (IEC 61970-301) class
IFL Infeeding line; substation 1 ACLineSegment
limiting object; models a )
possibly infeeding power DCLineSegment
network line outside the EquivalentBranch
substation at the single line
border
LIN Power overhead line or line |2 ACLineSegment
segment
g DCLineSegment
LTC Load Tap Changer Part of winding TapChanger
RatioTapCtranger
PhaseTapChanger
MOT Motor Oor1 AsynchronousMachine
(Note 1)
PMP Pump Oor1 No corresponding CIM
class
(Note 1)
PSH Power Shunt (bypass for 2 Groundinglmpedance
transformer star point
grounding resistor)
PTR Power Transformer Implicit via windings PowerTransformer
PTW Power Transformer Winding [1/2 TransformerEnd
PowerTransformerEnd
TransformerTankEnd
REA Reactor 1/2 ShuntCompensator
SeriesCompensator
RES Neutral resistor 2 EarthFaultCompensatof
RRC Rotating reactive 1 SynchronousMachine
component
SAR Surge arrester 1 SurgeArrester
SCR Semiconductor controlled 2 ACDCConverter
rectifier.
SMC Synchronous Machine 1 SynchronousMachine
TCF Thyristor controlled 2 FrequencyConverter
frequency converter
TCR Thyristor controlled reactive |2 StaticVarCompensator
component
TNK Tank 0 TransformerTank
VLV Valve Oor1 No corresponding CIM
class
(Note 1)
VTR Voltage Transformer T PotentialTranstormer
Note 2 Bus bar section 1 BusbarSection
Note 2 Identified connection point |1 Junction
that is not a bus bar
(see 5.6.5 below)
Note 2 Identified connection point |1 Ground
to ground
NOTE 1 IEC 61850-6 allows equipment of type codes AXN, BAT, MOT, FAN, PMP, VLV to be defined as general

equipment without terminals, or as conducting equipment with terminals. Equipment such as filters and pumps may
be monitored by a central SCADA or asset management system. Their status may be useful for assessing
operational limits.

NOTE 2 IEC 61850-6 does not model bus bar sections or junctions as identified equipment, but simply as
connectivity nodes.
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ome cases, it is possible to use other information from the SCL in addition to the type

code to define a more complex mapping to the appropriate CIM class. For example, if one of

the

terminals for a SCL switch is connected to a SCL connectivity node called “grounded”,

then the CIM switch type is a “GroundDisconnector”.

Within SCL, DC lines can be modelled with equipment of type LIN/GIL/CAB within (or
connected to) a voltage level with nominal frequency 0. However, for control centre
applications, there are fundamental differences between AC and DC equipment. The CIM

ther

The
not
it m

IEC

efore uses different sets of classes for AC lines and for DC lines

epend on the associated logical nodes. However, if logical node information is available
by allow the CIM model to be refined. This additional information could simply ‘bg the
logidal node class type as listed in Table 13, or it could be the configured valu¢ for a data
objert within the logical node. For example, the XSWI logical node has a data,object|that
defines the sub-type of the associated switch equipment. See Table 22.

51850 has no special modelling for temporary equipment which will. beinstalled to prgvide

safely during maintenance or erection work. Temporary equipment mgst/be pre-defined in the

SCL|in the same way as permanent equipment.

IEC

651850-6 allows private type codes. To allow compatibility'with future enhancements of the

stanpgard, they shall start with the character E, contain only\capital letters, and have at least

thre

5.6.
5.6.

Rec
corr

letters. The mapping of private type codes requires local mapping rules.

Recommendation for harmonization: SCD Equipment Type codes
A New and deprecated type codes

mmendation R2: The list of device type codes in IEC 61850-6 should be extenddd to
spond better with the IEC 61970 / IEC 61968 Common Information Model, particularly to

support applications related to distribution networks. This would allow the Substation se¢tion
to be used to more fully describe the power system equipment and its connectivity without
needing any details of Logical Nodes. The aim is that the type code indicates the fundamental
nature of the physical equipment, not necessarily its usage within a particular softyare

app

Detdils:

ljcation.

1) Add new type ‘codes for Busbar section and Junction. Conducting Equipment of these

2)
3)
4)

5)

6)

pes would-\be defined within Bays together with their associated Terminal [and
onnectivityNode.

dd new.type codes to distinguish types of switch. DIS is ambiguous as it can be mapped
several different sub-types of CIM Switch.

r of
terminals. Add new type codes to distinguish series and shunt capacitors.

It is confusing to have type codes for reactor device types with a variable number of
terminals. Add new type codes to distinguish series and shunt reactors.

It is not clear what the difference is between type code CON “converter” compared with
the SCR ‘“rectifier” and TCF “frequency converter’. The type code CON should be
deprecated.

Add a new type code for Composite Switches i.e. a set of individual Switches normally
enclosed within the same cabinet or cubicle, possibly with interlocks that restrict the
combination of switch positions. These are typically found in medium voltage distribution
networks or high-voltage gas insulated switchgear. The purpose is to allow the cabinet or
cubicle to be represented as equipment with its own identity and status, in addition to its
constituent switches.
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7) The IFL type code should not be used for new designs. The differentiation with between
outgoing and infeeding lines is not relevant in many transmission networks and is
becoming artificial in distribution grids with high level of dispersed generation. The power
flow direction may change in a few seconds. Allow LIN and CAB to be modelled with one
terminal when they cross the substation or system border, and modelled with two
terminals if the SCL models a full line.

8) For CIM applications, there are fundamental differences between AC and DC equipment.
It is complex to distinguish AC lines and DC lines based on the association with a voltage
level that has a frequency attribute with value zero. Add new type codes DLN and DCA.

These recommendations are summarized in Tables 4 and 5.

Table 4 — Equipment type codes — proposed modified descriptions

Type Code Meaning Number of CIM class
terminals
DIS Disconnector or earthing switch (generic) 2

Deprecated — use SDC or SES

CAHR Capacitor bank (generic) 1or2 Shunt€aempensator if number gf

terntinals =1
Deprecated — use CSE or CSH
SeriesCompensator if number pf
terminals =2

REA Reactor (generic) 1or2 ShuntCompensator if number qf

t inals =1
Deprecated — use RSE or RSH erminats
SeriesCompensator if number pf
terminals =2

CON Converter (generic). 1or2
Deprecated — use TCF or SCR as
applicable

IFL Infeed line

Deprecated — use CAB, LIN\or GIL
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Table 5 — Equipment type codes — proposed additional codes

Type Code Meaning Number of CIM class
terminals
BUS Busbar section — a low impedance 1 BusbarSection
conductor to which several instances of
conduction equipment can be separately
connected
BJN Junction — connection between two or 1 Junction
more instances of conduction equipment
CSE Capacitor bank — series 2 SeriesCompensator
CSH Capacitor bank — shunt 1 ShuntCompensator
DLN DC Line 2 DCLineSegment
DCA DC Cable 2 DCLineSegment
RSH Reactor — series 2 SeriesCompensator
RSH Reactor — shunt 1 ShuntCompensator
Ccsw Composite Switch (set of individual CompositeSwitch
Switches normally enclosed within the
same cabinet and possibly with interlocks
that restrict the combination of switch
positions) See example in Figure 8
SW Switch — generic 2 Switch
SLB Switch — Load break switch 2 LoadBreakSwitch
SD( Switch — Disconnector 2 Disconnector
SES Switch — Earthing switch 2 EarthingSwitch
SHY Switch — High speed earthing switch 2 EarthingSwitch
SFS Switch — Fuse 2 Fuse
SJP] Switch — Jumper 2 Jumper

Figure 8 shows a Ring Main Unit modelled as a composite switch containing several indiv

swit¢hes.

X

>

o\ r

L
L

v v

A 4

5.6.4

IEC

Figure 8 — Composite Switch example.

Recommendation for harmonization: SCL PSRType

dual

In the CIM, instances of power system resources may be associated with zero or one
instances of PSRType. This is used for “classifying instances of the same class, e.g.
overhead and underground ACLineSegments. This classification mechanism is intended to
provide flexibility outside the scope of this standard, i.e. provide customisation that is non-

standard.”

This custom classification is particularly useful for modelling distribution network equipment,
as a way of defining individual instances with reference to template or catalogue objects that
contain sets of reference parameters.
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It would also help mapping algorithms to choose the appropriate CIM class when there is a
choice, e.g. a physical line could be modelled as an ACLineSegment, but for transmission
network applications it could be modelled as an EnergyConsumer (a point of consumption on
the power system model)

Recommendation R3: An optional string attribute psrType should be added to the SCL
definition for tPowerSystemResource. It may be appropriate to use a specific namespace for
this and other CIM related attributes.

5.6.5 Recommendation for harmonization: CIM BusbarSection and Junction

The [CIM has two classes called BusbarSection and Junction which have the same attributes
and |associations. From a topology processing point of view clearly the two classes| are
equipalent.

Recpmmendation R4: Explanatory text should be added to IEC 61970-301\t0 explain| the
differences and where connectivity nodes are defined without either, e.g.

“For|topology processing, a BusbarSection is identical to a Junction. The BusbarSection ¢lass
is intended to represent physical parts of bus bars. It can be used-to connect any number of
equipment terminals.

The [Junction class is intended for those cases where it provides a place to connect additional
infonmation for a connectivity node that is formed by €ohnecting two or three equipfent
terminals such as a tee-point or the connection point between two switches.

Typically, BusbarSections and Junctions are represented by different symbols on diagrams.”

5.6.6 Recommendation for harmonization: CIM Fan, Motor, Batteries and charging
systems

The |IEC 61850 SCL allows fans, motars and battery systems to be defined either as typegs of
gengral equipment or as types.©f conducting equipment. When defined as condug¢ting
equipment they will have terminals to allow modelling of their electrical supplies. There is no
corrgsponding CIM class for thése types of equipment within the connectivity model except
the generic EnergyConsumericlass.

AuxiLiary equipment(may be relevant for asset management purposes. The status |and
meapured values (for such equipment are defined in IEC TR 61850-90-3 and may be
congidered in a future edition of this document.

Recommendation R5: The business needs for modelling fans, motors and battery sysfems
and similartypes of auxiliary equipment in control centre applications should be considered.

5.7 —Naming and identification mapping
5.71 General

The SCL and CIM models have different principles for naming and identification.

[From IEC 61850-6:2009, 8.5.2] 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 consists of the concatenation of all name parts of higher
hierarchy levels up to this level.

NOTE ConnectivityNode is an exception. It includes a full pathname that should be unique within the SCL file.
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IEC 61850-6:2009 defines two conventions for concatenating names. Subclause 8.5.2
recommends using a dot (.) as a separator, however Subclause 9.2.3 states “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.”

Table 6 shows the mapping between name/identification attributes in SCL and the
corresponding attributes in CIM.

Table 6 — Name mapping

Attribute SCl nncrripfinn CciM Mapping

namg identification of each object within its |ldentifiedObject,name
container.

Name.name where Namgis
Must be unique within the container. |associated with a NameType

. . ) “SCL.name”
Must be unique within the file for top
level objects
desc user oriented textual designation IdentifiedObject.description

pathname: concatenation of all name |Name.name’where Name is
parts of higher hierarchy levels up to |assogiated with a NameType “S{L.id”
this level.

Cmigsing (] Master resource identifier issued by a|l.) Generate a system unique object
model authority. The mRID is globally|reference as per IEC 61850-6 Clause
unique within an exchange context. ™ |8.5.2. The full object reference i a
pathname and consists of the
concatenation of all name parts ¢f
higher hierarchy levels up to this
level.

2. Use the pathname as a key in
some sort of registry to look up 4
uuID

5.7.2 Naming and identification example

ConpectivityNodes have an additional pathname attribute — this is discussed in more detail in
Sub¢lause 5.9.

If th¢ SCL file contains the following:

<Sulpbstation name=%S12” desc="Baden”>
<Voltagelevel name="E1"”>

<Bay name="Q%%>

<Copductimgkgquipment name="QAl” type="CBR"”>

using the-existing SCL schema, it is possible to generate a CIM model using SCL pathngmes
as mRIDs. This satisfies the requirement for unique identifiers but does not satisfy| the
common business requirement that the same mRIDs are used even if the object names are
changed.

Substation.name = Baden
Substation.mRID = 512
Voltagelevel.name = El
VoltagelLevel .mRID = S12E1
Bay.name = Q1
Bay.mRID = S12E1Q1
Breaker.name = QA1

Breaker . .mRID = S12E1Q10QA1
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5.7.3 Recommendation for harmonization: SCL naming and identification

IEC 61970-301 defines mRID as “Master resource identifier issued by a model authority. The
mRID is globally unique within an exchange context. Global uniqueness is easily achieved by
using a UUID, as specified in RFC 4122, for the mRID. The use of UUID is strongly

reco

mmended.”

It is possible to define unique mRIDs using additional mapping information; however, there
are many advantages if the mRIDs are contained with the SCL. This means that for
exchanges from SCL to CIM, the creator of the SCL becomes the Model Authority for the
mRIDs imported from the SCL file.

Recpmmendation R6: Add mRID to SCL as an optional attribute to type tBaseElement in
SCL| BaseTypes.xsd allowing mRIDS to be defined for Equipment, Terminals |[and
ConpectivityNodes.

<xs:cgmplexType name="tBaseElement" abstract="true">

<xs:$equence>

<xsjany namespace="##other" processContents="lax" minOccurs="0" maxOccurs="unbounded"/>~
<xsjelement name="Text" type="tText" minOccurs="0"/>
<xsjelement name="Private" type="tPrivate" minOccurs="0" maxOccurs="unbounded"/>

</xsjsequence>

<xs:aftribute name="mRID” type="tmRID” use="optional’/>

<xs:@nyAttribute namespace="##other" processContents="lax"/>

<Ixs:¢omplexType>

5.7.4 Recommendation for harmonization: CIM naming and identification:

Recommendation R7: IEC 61970-301:2013, 4.4.3yNames model, should define additional

standard name types for SCL.

Table 7 — Proposed CIM NaméType class naming conventions
Name Description

ICCH Reserved for ICCP (TASE-2) names. Used to describe ICCP point names for the MeasurementValue class
and ICCP source names for, thé,MeasurementValueSource class

SCL.pame Reserved for entity names defined in IEC 61850 Substation Configuration Language (SCL) filgs.
Within SCL the nameuis’the identification of the object within its container. It is unique within the
container.

SCL.|d Reserved for ‘entity path names defined in IEC 61850 Substation Configuration Language (SCI.)
files. Within,SCL the path name is the identification of the object within the file. It is unique within
the file,

5.8 | Voltage mapping

5.8.1 General

The Voltage entity states the nominal voltage used at the containing voltage level, and maps

directly to the CIM BaseVoltage entity.
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Table 8 — Base voltage mapping

Attribute SCL Description CIM Mapping

multiplier Character representing the unit BaseVoltage.nominalVoltage.unitMult
multiplier enumeration e.g. ‘k’ means |iplier
1000

unit Character string representing the BaseVoltage.nominalVoltage.unit
units
e.g. 'V’ means volts

value Numeric value for the voltage BaseVoltage.nominalVoltage.value

5.8.2 Voltage mapping example
<Voltage multiplier="k" unit="V">220</Voltage>
Bas¢Voltage.nominalVoltage.value = 220

Bas¢Voltage.nominalVoltage.unit = “V”
Bas¢Voltage.nominalVoltage.multipler = “k”

5.8.3 Voltage level additional attributes

The [SCL voltage level has the following additional attributes;

Attribute SCL Description CIM Mapping

nomfreq the nominal frequency in_.Hz,)0 for DC|BaseFrequency.frequency
systems. If missing, the*pominal
frequency is not known

numRhases the number of phases of the single No direct mapping
line consideredsntypically 1, 2 or 3. If

missing, not Known. Can be used for consistency

checking with phase information
see 5.10

5.9 | Connectivity modelling
5.9.1 SCL Connectivity‘(single line diagram) modelling

The |connectivity UML-model is shown in Figure 7.

[IEC|61850-6:2009,° 6.2] The single line diagram of a switch yard shows the eleclrical
connections _between these primary devices. Connectivity node objects model these
connectionsi\_Therefore, each primary device can contain at its terminals references tq the
connectiyity nodes to which it is connected. At single line level, one or two terminals
(connetctions) per equipment are normally sufficient.

[IEC 61850-6:2009, 9.2.4] ... The second terminal for a power transformer winding is only
foreseen for a neutral point connection terminal, to which e.g. (one phase) earthing switches
can be connected. Only one neutral point connection terminal is allowed per winding.

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

There is one predefined connectivity 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.
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Following the normal rules for unique names, there can only by one connectivity node called
“grounded” per bay.

Table 9 shows the mapping for attributes of Terminal and Table 10 shows the attributes for
ConnectivityNode.

Table 9 — Attributes for terminal

Attribute SCL Description CIM mapping
name (optional) The relative name of the Name.name where Name is
tcllll;lla: at tILIIO E\.{u;plllcllt. TILIU GOOUU;GtUd VV;th a Ik‘llaIIICTyVU
default is the empty string, which “SCL.name”

means that the name of the

ConnectivityNode is also the terminal |!/f €mPty, then copy the
identification. connectivityNode attribute

desc Descriptive text to the terminal IdentifiedObject.name

If blank use ‘1’ 0r ‘2’ depending ¢n
the order inthe)source file

conngctivityNode Unique pathname of the connectivity |Use to determine association with
node to which this terminal connects. |ConnectivityNode

See recommendation in following
section

procgssName The name of the process containing, MNot required

the connectivityNode .
Can be used to validate the

association with ConnectivityNode
lineNlame (optional) The name of & Jiné element |Not required
containing the connectivityNode (only .
used inside Line elenient) Can be used to validate the
association with ConnectivityNode
substationName (optional) Thename of the Not required
Substation containing the .
connectivityNode Can bg gsed t.o validate thg
association with ConnectivityNode
voltapelLevelName Themname of the VoltagelLevel Not required
containing the connectivityNode )
Can be used to validate the
association with ConnectivityNode
bayName The name of the Bay containing the |Not required
connectivityNode
y Can be used to validate the
association with ConnectivityNode
cNodeName The (relative) name of the Not required
connectivityNode within its ba
y y Can be used to validate the
association with ConnectivityNode

NOTH “\The path name reference allows checking of the connection consistency already on XML schema Jevel,
while the attribute iistis easter to Mterpret by Most to0o1s.:



https://iecnorm.com/api/?name=af796cfb58466ef492149d2bda65db24

IEC

TS 62361-102:2018 © IEC 2018 -39 -

Table 10 — Attributes for ConnectivityNode

Attribute SCL Description CIM mapping
name identifies the ConnectivityNode Name.name where Name is associated
instance within the bay with a NameType “SCL.name”
desc user oriented textual designation IdentifiedObject.name
pathName is an absolute reference within the Name.name where Name is associated
SCL file. The pathname is built by all |with a NameType “SCL.id”
higher-level references down to the
connectivity nodes name,
concatenated with the character “/”
Formstance, i the connectivity node
L1 is within bay Q2 of voltage level
E1 of substation Baden, then the
pathname is “Baden/E1/Q2/L1".
5.9.2 Recommendation for harmonization: SCL unconnected terminals
The [SCL method of modelling equipment that is not connected isfinconsistent with |CIM
models. The CIM allows Equipment and their Terminals to be defined’regardless of whegther

they| are connected or not. Allowing unconnected terminals to b€ indicated by possible
not guaranteed) removal of a terminal element does not facilitate automatic mapping.

Rec

change the description ConnectivityNode.

bmmendation R8: In |IEC 61850-6:2009, Table 6, Attributes of the Terminal elen

(but

ent,

Current text: “If the Equipment shall not be connectéd, then the whole Terminal element ghall
be removed.”

Progosed text: “If the Equipment shall not:be connected, then the whole Terminal element
shal| be preserved. The Terminal attribute connectivityNode may be the name of a normal
ConpectivtyRule or it may have the spe¢€ial value ‘None’”.

5.9.3 Connectivity and Terminal example

Figure 9 shows an examplé of part of a system specification SSD. This defines a substation

with

voltgge level contains a-bay (E1/Q1 or F1/Q1) that contains a busbar; and other bays (E

or F

(DISN13) and instrument transformers for measuring current (CT1) and voltage (PT1).

SCL

the ¢xampley it is equally possible to use unique names for each of the switch gear withirn
subgtation!

two voltage levels E1. (220kV) and F1 (110kV), connected by a transformer T1. E

1/Q2) for the switch-gear. The bay F1/Q2 has a circuit breaker (CB12), a disconng

rules require that equipment names are unique within the containing bay. As show

Fach
Q2
pctor

n in
the

Within the SCL file, each equipment has one or two child Terminal entities which are
connected to ConnectivityNodes. Each ConnectivityNode has a unique pathname based on
the containment hierarchy, for example S1/F1/Q1/BB2.
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Figure 9 — Substation section connectivity example
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The corresponding SCL model is:

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

<SCL version="2007" revision="B" xmIns="http://www.iec.ch/61850/2003/SCL"

xsi:schemalocation="http://www.iec.ch/61850/2003/SCL SCL.xsd"

xmins:xsd="http://www.w3.0rg/2001/XMLSchema" xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance">
<Header id="ConnectivityExample" version="0" revision="1" toolID="SchneiderElectric-SET"

nameStructure="IEDName" />

<Substation name="S1" desc="Grenoble North">
<PowerTransformer type="PTR" name="T1" desc="">
<TransformerWinding type="PTW" name="W1">
<Terminal name="TERMINALOQ" connectivityNode="S1/E1/Q2/CNQ"

substationName="S1" voltageLevelName="E1" bayName="Q2" cNodeName="CNO0"/>
TransformerWinding>
TransformerWinding type="PTW" name="W2">
KTerminal name="TERMINALO" connectivityNode="S1/F1/Q2/CN1"
substationName="S1" voltageLevelName="F 1" bayName="Q2" cNodeName="CN1"/>
<[TransformerWinding>
</PowerTransformer>

AN

<VfoltageLevel name="E1" desc="220 kV">

Moltage unit="V" multiplier="k">220</Voltage>

Bay name="Q1" desc="220kV Busbar">

KConnectivityNode pathName="S1/E1/Q1/BB1" name="BB1" desc=""/>

Bay>

Bay name="Q2" desc="T1 HV side">

<KConductingEquipment type="DIS" name="DIS11" desc="">

<Terminal name="TERMINALOQ" connectivityNode="S1/E1/Q1/BB1"
substationName="S1" voltageLevelName="E1" bayName="Q1" cNodeName="BB1"/>
<Terminal name="TERMINAL1" connectivityNode="S1/E1/@2/CN0"
substationName="S1" voltageLevelName="E1" bayName="Q2" cNodeName="CNQ"/>
</ConductingEquipment>

KConnectivityNode pathName="S1/E1/Q2/CN0" ngme="CNO0" />

<[Bay>

oltageLevel>

AN

JANIVAY

<

~

<VfoltageLevel name="F1" desc="110 kV">

Moltage unit="V" multiplier="k">110</Voltage>

Bay name="Q1" desc="110kV Bugbar">

KConnectivityNode pathName="S1/F1/Q1/BB2" name="BB2" desc=""/>

Bay>

Bay name="Q2" desc="T1-LV side">

<KConductingEquipment type="DIS" name="DIS13" desc="">

<Terminal name="TERMINALQ" connectivityNode="S1/F1/Q1/BB2"
substationName="§1" voltageLevelName="F1" bayName="Q1" cNodeName="BB2"/>
<Terminal nanie="TERMINAL1" connectivityNode="S1/F1/Q2/CN3"
substationNamie="S1" voltageLevelName="F1" bayName="Q2" cNodeName="CN3"/>
</ConductingEquipment>

KConductingEquipment type="CTR" name="CT1" desc="">

<Terminal name="TERMINALQ" connectivityNode="S1/F1/Q2/CN1"
SubstationName="S1" voltageLevelName="F 1" bayName="Q2" cNodeName="CN1"/>

AN

JANIVAY

substationName="S1" voltageLevelName="F1" bayName="Q2" cNodeName="CN2"/>
</ConductingEquipment>
<ConductingEquipment type="VTR" name="PT1" desc="">
<Terminal name="TERMINALQ" connectivityNode="S1/F1/Q2/CN1"
substationName="S1" voltageLevelName="F 1" bayName="Q2" cNodeName="CN1"/>
</ConductingEquipment>
<ConductingEquipment type="CBR" name="CB12" desc="">
<Terminal name="TERMINALQ" connectivityNode="S1/F1/Q2/CN2"
substationName="S1" voltageLevelName="F1" bayName="Q2" cNodeName="CN2"/>
<Terminal name="TERMINAL1" connectivityNode="S1/F1/Q2/CN3"
substationName="S1" voltageLevelName="F1" bayName="Q2" cNodeName="CN3"/>
</ConductingEquipment>
<ConnectivityNode pathName="S1/F1/Q2/CN1" name="CN1" desc=""/>
<ConnectivityNode pathName="S1/F1/Q2/CN2" name="CN2" desc=""/>
<ConnectivityNode pathName="S1/F1/Q2/CN3" name="CN3" desc=""/>
</Bay>
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</VoltagelLevel>
</Substation>
</SCL>

5.9.4 Transformation of current transformer models
In the SCL a current transformer is modelled as a two-terminal device. In the CIM a current

transformer is modelled as a single terminal device. In the example, this means the mapping
process must merge the two connectivity nodes s1/F1/02/CN1 and S1/F1/Q2/CN2.

It is typical that CIM Network topology processing ignores CT and PT placement. However,
the model differences may still need to be reconciled if the CT failure can disrupt power flow.

Thenefore, if the CT is not removed from the CIM model, it is suggestedcthat| the
Terminal/ConnectivityNode with the fewest Terminals attached to the ConnectivityNod¢ be
rem¢ved. The removal of the ConnectivityNode should not occur if there are mmore than| two
termfinals attached to the ConnectivityNode. If both SCL ConnectivityNodes have the same
numper of Terminals connected, then the choice is a local issue.

NOTH Future versions of CIM may change the CurrentTransformer to be a specialization of ConductingEquigment
(e.g. Jt may become a type of FlowSensor). If this change occurs within CIM, then no removal or transfornjation
from BCL ConnectivityNodes/Terminals to CIM would be required.

5.10] Phase modelling
5.101 General

High voltage switchgear may physically consist of §eparate equipment for each phase. As
desdribed in IEC TR 61850-7-500, for switchgear liké circuit breakers with three-phase coptrol
(i.e.|all the three phases are operated always_ together) only one instance of equipment|{and
one XCBR logical node may be sufficient for modelling.

If it iIs possible to operate individual phases independently then it is necessary to model tHis in
the BCL as one instance of Equipmefat and three instances of SubEquipment each with a
XCBIR node, i.e. a total of four XCBR"nodes. The actual transformation that will need to occur
is dgpendent upon the target CIM*model being a three-phase equivalent model or modelling of
indiidual phases.

This|is shown in Figure 10 (from IEC TR 61850-7-500). Normally, this would be modelled [as a
single instance of a switch on the CIM side. In general, it is recommended to avoid the
modelling of the individual phases of the SubEquipment in CIM.
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of the three instances of SubEquipment will have a different value for its “ph

hgs. The following phase values arevallowed: A, B, C, N (neutral), all (meaning all t
es), none (default, meaning not phase related). The following additional values are
ed, if the ConductingEquipment above has type VTR: AB, BC, CA, meaning 34
ected in between the appropriate phases.”

ibution networks often use two phase circuits in rural areas, and may use single-phag
bhase switchgear and. transformers to supply individual premises. For these type
pbment, the SCL_model requires one instance of Equipment, and two instance
Fquipment in order to specify which phases are connected. If both phases are aly
ated together,-then the CIM model only needs one instance corresponding to
pment.

in CIM;~phases are described by the phases attribute in the Terminal classes associ
the \Breaker, Switch or other type of conducting equipment. Table 11 shows the p
S\NR'SCL and CIM.

IEC

ase

This is an enumeration to describe the “The phase to which the subEquipment
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Table 11 — Comparison of IEC 61850 and CIM Phase values

IEC 61850 SCL CIM CIM Comment
(PhaseCode) (SinglePhaseKind)
A A A
B B B
C C Cc
N N N
all ABC all means all three phases
nonf Tndicates non-phase related
AB AB
BC BC
CA AC
AN
BN
CN
ABCN
ABN
ACN
BCN
s s1 Secondary Phase 1
s2 s2 Secondary Phase 2
s12 Secondary Phase 1 and 2
s1N Secondary Phase 1 and Neutral
s2N Secondary Phase 2 and Neutral
s12N Secondary Phase 1 and 2 and Neutral
5.10,2 Phase mapping example
5.10,2.1 General
Table 12 shows themapping for various scenarios using a Breaker as an example.
Table 12 — Breaker mapping scenarios
Scenario SCL CIM mapping
Thrge-phase equipment One instance of Equipment, no One instance of Breaker,
instances-of Q::hl:qnipmanf Torminallphacne =ABC
3 times 1 phase equipment One instance of Equipment One instance of Breaker,

T inal.ph = ABC
Three instances of SubEquipment erminal.pnases

2 phase equipment operated with One instance of Equipment One instance of Breaker, with

both phases together ) . Terminal.phases = concatenation
Two instances of SubEquipment of SubEquipment[1] phase and

SubEquipment[2].phase

Two breakers operating on different | Two instance of Equipment each Two instances of Breaker
phases with one instances of ) ) _
SubEquipment One with Terminal.phases = A

One with Terminal.phases = B
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Two examples are described below: a two phase breaker example and an unbalanced
switching example.

5.10.2.2 Two Phase Breaker Example

The example SCL in clause 5.9.3 is for three-phase equipment (first line of Table 12). If the
transformer or switch-gear used two phases only but with a simultaneous command (third line
of Table 12), then the corresponding SCL would be:

<Bay name="Q02" desc="T1 LV side">
<ConductingEquipment type="CBR" name="CB12" desc="">
<Termi arre="TERMHNALS€o — —
voltageLevelName="F1" bayName="Q2" cNodeName="CN2"/>
<Terminal name="TERMINAL1" connectivityNode="S1/F1/Q2/CN3" substationName="S1"
voltageLevelName="F1" bayName="Q2" cNodeName="CN3"/>
<SubEquipment name="X1" phase="A />
<SubEquipment name="X1" phase="B" />
</CopnductingEquipment>

</Bay>

The lequivalent CIM model would be to have a Circuit Breaker XA2-with Terminals T1 and T2.
The |phases attribute in both T1 and T2 would have the value of “AB™

5.10[2.3 Unbalanced example

Figure 11 illustrates the mapping for an unbalanced, system where each phase can be
independently controlled.

S1
K1
BB1
Q1
Q2 Q3
| X1A \ X1B
L1A === L1B
\/ \/

IEC

Figure 11 — Unbalanced phase switching example
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The SCL would be:

<?xml version="1.0" encoding="utf-8"?>
<SCL version="2007" revision="B" xmlIns="http://www.iec.ch/61850/2003/SCL"
xsi:schemalocation="http://www.iec.ch/61850/2003/SCL SCL.xsd"
xmlins:xsd="http://www.w3.0rg/2001/XMLSchema" xmlins:xsi="http://www.w3.0rg/2001/XMLSchema-instance">
<Header id="UnbalancedPhases" version="0" revision="1" toollID="SchneiderElectric-SET"
nameStructure="IEDName" />
<Substation name="S1" desc="">
<VoltageLevel name="K1" desc="">
<Voltage unit="V" multiplier="k">20</Voltage>
<Bay name="Q1" desc="Busbar">
KConnectivityNode pathName="S1/K1/Q1/BB1" name="BB1" desc=""/>
<| Bay>

A

Bay name="Q2" desc="Infeed">
KConductingEquipment type="IFL" name="IFL1" desc="">
<Terminal name="TERMINALOQ" connectivityNode="S1/K1/Q1/BB1"
substationName="S1" voltageLevelName="K1" bayName="Q1" cNodeName="BB1"/>
</ConductingEquipment>
<[Bay>

A

Bay name="Q3" desc="Outgoing feeders">
KConductingEquipment type="LIN" name="LIN1" desc="">
<Terminal name="TERMINALOQ" connectivityNode="S1/K1/Q3/L1A"
substationName="S1" voltageLevelName="K1" bayName="Q3" cNédeName="L1A"/>
<SubEquipment name="phsA" phase="A"/>
<SubEquipment name="neut" phase="N"/>
</ConductingEquipment>
KConductingEquipment type="LIN" name="LIN2" desc="%5
<Terminal name="TERMINALO" connectivityNode="SHNK1/Q3/L1B"
substationName="S1" voltageLevelName="K1" bayName="Q3" cNodeName="L1B"/>
<SubEquipment name="phsB" phase="B"/>
<SubEquipment name="neutB" phase="N/>
</ConductingEquipment>
KConductingEquipment type="DIS" hamezX1A" desc="">
<Terminal name="TERMINALQ" connegtivityNode="S1/K1/Q3/L1A"
substationName="S1" voltageLevelName="K1" bayName="Q3" cNodeName="L1A"/>
<Terminal name="TERMINAL1" ¢connectivityNode="S1/K1/Q1/BB1"
substationName="S1" voltagellevelName="K1" bayName="Q1" cNodeName="BB1"/>
<SubEquipment name="X1"phase="A"/>
</ConductingEquipment>
KConductingEquipment type="DIS" name="X1B" desc="">
<Terminal name="TERMINALQ" connectivityNode="S1/K1/Q3/L1B"
substationName="S1" voltageLevelName="K1" bayName="Q3" cNodeName="L1B"/>
<Terminal name="TERMINAL1" connectivityNode="S1/K1/Q1/BB1"
substationMName="S1" voltageLevelName="K1" bayName="Q1" cNodeName="BB1"/>
<SubEquipment name="X1" phase="B"/>
</CondustingEquipment>e<ConnectivityNode pathName="S1/K1/Q3/L1A"e"L1A" desc=""/>
<KConnegctivityNode pathName="S1/K1/Q3/L1B" name="L1B" desc=""/>
<|Bay>
<Naltagel evel>
</Substation>
</SCL>

This example shows that each circuit breaker is associated with a single phase. Each
outgoing feeder has two child SubEquipment, one for the phase connection and one for the
neutral connection.

The equivalent CIM model would be to have two Circuit Breakers X1A and X1B. Each terminal
of Breakers X1A and X1B would have a different value for the phases attribute.
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5.10.3 Recommendation for harmonization: SCL Phase modeling

The SCL enumeration for phases is more restricted than the PhaseCode enumeration defined
in the CIM. It suits the physical equipment found in large substations but is inefficient for
modelling equipment found in distribution networks or consumer premises. At present users
are forced to define sets of Equipment and SubEquipment instances in order to model single
real-world devices.

Recommendation R9: In IEC 61850-6, extend the existing PhaseEnum to use the same
enumerations as the CIM PhaseCode. Since IEC 61850 Equipment is for topology purposes

on|y there are no real attributes that can be defined except the use of Qllhl:quipmnnf

5.1004 Recommendation for harmonization: CIM SinglePhaseKind

Recpmmendation R10: There are two enumerations in CIM: one for single phase and the
other for all phase enumerations. It is recommended that the CIM is updated'to state tha} the
SinglePhaseKind enumerations should not be used in new projects.

6 Extension syntax for drawing layout coordinates

6.1 General

IEC p1850-6:2009, C.1 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 sefrves
heregl 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 supstation as substation single line, a bay(as bay single line and the communication se¢tion
as alcommunication configuration drawing,

The|coordinate system is a relative® x, y system with coordinates using positive intpger
numpers. The point (0,0) is the “upper left point of a drawing plane which is unlimited to
downwards and right direction.cThe unit 1 principally refers to the size of an object. If diffgrent
objeft sizes are used, then/1is the size of the smallest object. This is similar to the graphics
information within CIM.

Howgever, recent testing and utility requests have indicated that the use of x, y coordinates is
not gufficient. There-are several functional areas that have been requested to be address€d:

e X,Y coordinates do not provide the same visual layout as algorithms differ, usens of
IEC 61850’would like “portable” displays.

e The current technology, in IEC 61850 or CIM, does not have explicit behaviour associated
withvthe objects. Users of IEC 61850 would like the “portable” displays to have deflined
behaviour (e.g. colours/blinking for certain values).

e The X, Y coordinates, in both IEC 61850 and CIM, do not allow for animated text. The
technology being investigate as a replacement for X, Y coordinates will need to allow
text/values to be placed on the display as well as Equipment/Conducting Equipment.

6.2 Recommendation for harmonization: Drawing layout syntax

Recommendation R11: Create a joint task force to produce a document defining drawing
layout syntax using technology similar to Scalable Vector Graphics (SVG) to replace the X, Y
coordinate/graphics in both IEC 61850 and CIM. This task force should consider the
requirements and objectives which may be different for configuration tools, control centre
applications or local SCADA HMIs. There may be several views or diagrams for the same
equipment.
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7 Logical Node mapping

7.1

Logical Node containers

A full System Configuration Description file will define the instances of Logical Nodes that are
attached to containers such as substation, voltage level, bay, equipment, sub-equipment,
function, or sub-function. Within IEC 61850, Logical Node instances are contained by IEDs.
These IEDs may be located in close proximity to the primary or auxiliary equipment that the
IED is controlling or monitoring, or they may be located in a centralised control cubicle
connected by the communication network. In all cases, it is the equipment/power system
resource to which the Logical Node is associated that determines the measurements that are
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class Main )

+ actuatorMaximum :Float [0..1]
+ actuatorMinimum :Float [0..1]

sensorMinimum :Float [0.1]
scaninterval :Seconds [0..1]
deadband :Float [0..1]

+RemoteControl | 0.1

SubstationContralSystem

ControlCenter
IED

+Control

+PowerSystemResource
Core::
den ad0hije 0.1
CommunicationLink]
+CommunicationLinks 1.."‘\
+RemoteUnits 0.
~+RemoteFoints Remotellnit
RemotePoint < e
0." 1 +  remotellnitType :RemoteUnitType [0..1]
[ﬁ TReEmMGLE At
Meas::
MeasurementValue
+MeasurementValue 1
+RemoteSource 0.1
wenumerations
RemoteControl e RemoteUnitType .
L . |
<+ remoteControlled :Boolean [0.1] e e R e RTU

+Controls | 0.7

1

Meas: -
Control

Figure 12 — Current CIM SCADA package

4 Recommendation for harmonization: CIM SCADA package

IEC

bmmendation R12: Revise the IEC.61970 SCADA package as proposed in Figure 13.
r change is to make a RemoteUnit a specialization of MeasurementValueSource ard to
rate the semantics of scan/update interval versus SCADA limit information. This change
s the merging of the Measurement and SCADA models and allows RemoteUnits
to be directly associated\with the MeasurementValues that are being sourced.

The

and
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class Main )

| Core:Equipment

+P Syst+ 2 +
'DwerSys Cuntrulsl Meas-- | TControl
o1 .~ | Control 1

+RemoteControl |0..1

+ aggregate: Boolean [0.1]
+ normallyinService: Boolean [0..1]

| RemoteControl |

+Communicationlinks 1.
e

+ actuatorMinimum: Float [0..1]
+ remoteControlled: Boolean [0..1]

IED IEC618501ED

wexts The gctuakaame of fh

‘ +  actuatorMaximum: Float [0..1] ‘

RemoteUnitType:
-ICCPEndpoint

g% #exts

+MeasurementValueSource

Meas::
MeasurementValueSource

+MpasurementValueSource 0.1

d

+MeasurementValue 0% | Remotelnit LogicalDevice MeasurementValue
wouldbe the FCDA ¢f
Meas-- | ~ remotelnitType: RemoteUnitType [0.1] | ecE1 850,
~MeasurmentValue
MeasurementValue
+MeasurementValue +LogicalNode | 2.
+LogicalNode . el
Harmonization:“LogicalNode
0.1
Meas:-AnalogValue Meas:: «proposeds
AccumulatorValue +ScanClass 0.1 + AlnClase LNClassKind
+ wvalue: Float [0..1] =~ Indest:int
+ wvalue: Integer [0..1] wexts
ScanClass
- " +A latorVal o
AnalogValue o coumulstoryaiue + poll: ScanClassKind
+ - Ei...
Janaloglimitset | 0.1 +AccumulatorLimitset 0.1 upDateinterval: Integer RN L
st L ScanclassKind
Meas::AnalogLimitSet | el 2 poll
AccumulatorLimitSet
AEE «enumeraticps event
+ deadband: Integer [0..1] RemoteUnir Ty
4 1] " ¥pe
dea:!band Flaat [0..1] -, +  maximumValue: Integer [0..1]
] maximum/siue: Floak(0al) 4+ minimumValue: Intsger [0.1] RTU
4 minimumValue: Float [0..1] SubstatighControlSystem
ControlCanter
|ECF
| Meas:-LimitSet |
‘— isPercantageLimits: Boolean [0..1] ‘
IEC

Figure 13 — Revised SCADA package

7.3 | Logical Node classes relevant to CIM

Table 13 lists logical nodes classes from IEC 61850-7-4 that have information relevanpt to
spedific CIM entities in applications such as state estimation. Logical Nodes for automation
(Axxx), contral(Cxxx) and Supervisory (Sxxx) functions have been grouped with the logical
nodgs directly/associated with the primary equipment ((XxxX, YXxX, ZXXX).

Mos} ‘Logical Nodes for instrument transformers and sensors (Txxx) have been omitted from

the listastheir outputsare expected to be inmtermat toany tEC 6 1850 autormation syster and
not transmitted directly to a control centre.

Logical Nodes that are not listed have no specific corresponding model in CIM. Some of these
Logical Nodes, for example STMP for temperature supervision, may also have data that is
useful to CIM applications. Data objects within these Logical Nodes can be mapped to
Discrete or Analog measurements associated with any type of CIM power system resource.

From the IEC 61850 communication perspective, there is no difference between alarms and
events. Communication events can be generated for any status change. IEC 61850-7-4
defines around 50 status data objects for specific alarm conditions. GGIO and GAPC logical
nodes have no standard semantic meaning and hence any mapping to CIM must use local
mapping rules or tables.
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Clause 8 describes the data objects related to real time information exchange. Clause 13

-51—

describes data objects related to settings and other attributes.

Table 13 — Mapping IEC 61850 Logical Nodes to CIM classes

Logical Nodes

Node Description

Associated CIM Classes

related settings (if applicable), and
communication relevant behaviour

IEC 61850-7-4 IEC 61850-5
GGIO Models in a generic way process devices Discrete
that are not predefined by the groups S, T,
X, Y,orZ.
GUNT Production unit operating mode GeneratingUnit
[Draft IEC 61850-7-410]
MMXN Calculation of currents, voltages, powers and|Several instances of Analog
impedances in a system where voltages and
currents are not phase-related, mainly for
operative applications
MMXU Calculation of currents, voltages, powers and|Several instances of Analog
impedances in a three-phase system. The
main use is for operative applications
MMTN Calculation of energy in a single-phase Several instahces of Accumulator
system, for billing purposes.
MMTR Calculation of energy in a three-phase Severalinstances of Accumulator
system, for billing purposes.
MSQ Sequence and imbalance measurements Seyeral instances of Analog
P10d, PTOC Instantaneous over-current, time over- CurrentRelay
current . .
(a subtype of ProtectionEquipment)
Pxxx Any protection functions other thanPJOC, ProtectionEquipment
PTOC
see Clause 11
RREC A function that controls the automatic RecloseSequence
reclosing and locking outsofan a.c. circuit
breaker.
RSYNN A synchronizing function that produces a SynchrocheckRelay
release for a closing command of a circuit
CSYN breaker betwe€én two circuits whose voltages
are withinsprescribed limits of magnitude,
phase angle; and frequency.
CSYN\is used to control the synchronizing
canditions
SFPI Fault Passage Indication FaultIndicator
Proposed in draft IEC TR 61850-90-6
SIMU, SIMG Media supervision typically associated with [PowerTransformer
insulation liquid and gas supervision of Breaker
PowerTransformers.
TCTR instrument transformers with all its data and |CurrentTransformer
related settings (if applicable), and
communication relevant behaviour
TVTR instrument transformers with all its data and |PotentialTransformer

switch that is normally closed but can only
open once. This equipment cannot be
controlled.

[IEC 61850-7-420]

XCBR, CSWI, SCBR |The LN “circuit breaker” covers all kind of Breaker
circuit breakers, i.e. switches able to
interrupt short circuits

XFUS Models a fuse which can be described as a |Fuse
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Logical Nodes
IEC 61850-7-4

Node Description
IEC 61850-5

Associated CIM Classes

XSWI, CSWI, SSWI The LN “switch” covers all kind of switching |Switch
devices not able to switch short circuits Disconnector
Jumper
LoadBreakSwitch
GroundDisconnector
YEFN, ANCR Variable inductance (plunge core coil) PetersenCoil
allowing adaptive grounding of transformer
star point to minimize the ground fault
current. (Petersen coil monitoring)
YLT ; AT(‘{"’ Sl T('" Transformer tan Phannnr‘ automatic fnp Tapf‘hangor
AVCOD change controller, tap changer supervision, |RatioTapChanger
automatic voltage controller PhaseTapChanger
others
YPSH Power shunt to bypass the resistor of a Groundinglmpedance
resistive grounded transformer star point for
fault handling.
YPTR, SPTR Connects in different configurations (A, Y, PowerTransformer
two/three windings) the voltage levels of the
power system.
ZAXN Generic node for information exchange with |No corresponding CIM class
auxiliary networks (power supplies)
ZBAT Provides data about battery status and for No corresponding CIM class
control of the charging/de-charging cycles
ZBT( Remote monitoring and control of critical auxiliary |Ne corresponding CIM class
battery chargers
[IEC 61850-7-420]
ZBSH Provides properties and supervision of Connector
bushings as used for transformers or GIS-
line connections
ZCAB Supervised power system element ACLineSegment

ZCAR, ARCO, AVCO

Controls reactive powerflow

ShuntCompensator
SeriesCompensator

ZCON Frequency conversion including AC/DC FrequencyConverter
conversion

ZGEN, AVCO Generic nede for information exchange with |GeneratingUnit
generators

ZGIL| Mixture of data from SIMS, SARC and SPDC |ACLineSegment

ZINV| Inverter for converting direct current to ACDCConverter
alternating current (DC -> AC)
[IEC 61850-7-420]

ZLIN Supervised overhead line ACLineSegment

ZMO|r Generic node for information exchange with |AsynchronousMachine
motors

ZRCT Rectifier for converting alternating current to [ACDCConverter
continuous, direct current (AC -> DC),
[IEC 61850-7-420]

ZREA, ARCO, AVCO [Controls reactive power flow ShuntCompensator

SeriesCompensator

ZRES, ARIS Used to represent an ohmic resistor. A EarthFaultCompensator
typical application is the resistor of the star
point (a neutral resistor). This resistor is
normally not controlled.
ZRRC Controls reactive power flow SynchronousMachine
ZSAR Generic node for information exchange with [SurgeArrester

surge arresters
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Logical Nodes Node Description Associated CIM Classes
IEC 61850-7-4 IEC 61850-5
ZSCR Used to represent a controllable rectifier. A |[ACDCConverter

typical use is to provide the controllable d.c.
current within an excitation system.

ZSMC Logical node ZSMC shall be used to SynchronousMachine
represent any type of synchronous machine.
The logical node only includes rating data.

ZTCF Frequency conversion (thyristor controlled) [FrequencyConverter
including AC/DC conversion

ZTCR Reactive component (thyristor controlled), StaticVarCompensator
for reactive power control

8 Measurement mapping

8.1 General

Mapping IEC 61850 measurements to the CIM requires mapping ofClogical Node clag
Datg Object names, and Data attribute names.

This|document is mainly concerned with IEC 61970-301 and<hg mapping for IEC 61968-
incomplete. See description of IEC 61968-11 ReadingType%n*8.6.

8.2 | CIM Measurement Types — Logical Node and Data Object mapping
8.2.1 General

IEC 61970-301:2013, Table 2 presents a listoof measurementType naming conventionsg

Ses,

1is

but

statgs “It shall be noted that Table 2 is not an exhaustive list”. Other lists of measurement

typep are given for specific profiles,;e.g. IEC 61970-452, Energy management sy
applfcation program interface (EMS-ARI) — Part 452: CIM Static transmission network m
profiles.

stem
odel

IEC p1850-7-4 defines a large-number of data objects for different types of measurement.

Somle of these data objects_are controllable. The same data object identification is use
both| monitoring and control services. In some cases, such as temperature, there ma
spedific data objects depending on what is being measured by the Logical Node.

Table 14 is based on IEC 61970-301:2013, Table 2 and shows how the currently defined

i for
y be

CIM

Meapurement<Fypes can be mapped onto IEC 61850 logical node and data objects. Table 15

is thp equivalent list for non-phase related measurements. There are many other data obj
sucl as~minimum or maximum measurement values which are not referred to in
IEC B 1970 series. Such data objects can be mapped based on their IEC 61850 Common

ects
the
Data

Cla (CDC) as descrihed in Table 17

IEC 61970-301 has a similar modelling concept for Controls and controlType but does

not

define a table of naming conventions. Table 16 shows some typical control data objects from

IEC 61850.

The relevant Data Attributes are described in Table 19
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Table 14 — IEC 61850 DataObjects vs Current CIM measurement types

IEC 61850 IEC 61850 IEC 61850 IEC 61850 IEC 61970-301 or Subclass of CIM

Logical Node | Data Object cDC Description IEC 61970-452 Measurement

MeasurementType

MMXU TotVA MV Total apparent power [ThreePhasePower Analog
in a three phase
circuit

MMXU TotW MV Total real power in a |ThreePhaseActivePo |Analog
three phase circuit wer

MMXU TotVAr MV Total reactive power |ThreePhaseReactive |Analog
in a three phase Power
circuit

MMXU TotPF MV Average power factor |ThreePhasePowerFac|Analog
(total PF) tor

MMXU A WYE Phase currents LineCurrent 3 or more instandes
(magnitude and [IEC 61970-452] of fq3j8g
angle) PhaseCurrent

[IEC 61970-301]
Angle

MMXU AvAPhs MV Arithmetic average of Analog
the magnitude of
current of the 3
phases.

Average(la,lb,lc)

MMXU PhV WYE Phase to ground PhaseVoltage 3 or more instandes
voltages (magnitude Angle of Analog
and angle)

MMXU AvPhVPhs MV Arithmetic average of Analog
the magnitude of
phase to-reference
voltage™of'the 3
phases.

MMXU PPV DEL Phase to phase LineToLineVoltage 3 or more instandes
vo;tages (VL1, VL2, Angle of Analog

MMXU Hz MV Frequency Frequency Analog

PSDE Ang MV Angle between Angle Analog
voltage and current

MMTR TotVAh BCR Apparent energy ApparentEnergy Accumulator

MMTR TotVArh BCR Reactive energy ReactiveEnergy Accumulator

MMTR TotWh BCR Real energy ActiveEnergy Accumulator

CSW], XCBR, |Pos DPC Switch position SwitchPosition Discrete

XSWi [2bits= intermediate,
open, closed, bad-
state]

LLNQ, XCBR, |Loc SPS Local control behaviour |LocalOperation Discrete

XSWI,"ATCC

and many

others

ARCO, ATCC, |Auto SPC Automatic/Manual Automatic Discrete

AVCO operation

ATCC TapPos ISC Tap position of power [TapPosition Analog

YLTC tra_nsformer or phase
shifter

ANCR ColTapPos ISC Petersen coil Not specified Analog

YEFN coil tap position

STMP, SIMG, |Tmp MV Temperature Temperature Analog

SIML, SCBR

and others xxxTmp

SPRS, SIML, [Pres MV Pressure Pressure Analog

SIMG
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Table 15 - IEC 61850 DataObjects for non-three phase measurements

IEC 61850 IEC 61850 IEC 61850 IEC 61850 IEC 61970-301 Subclass of CIM
Logical Node | Data Object CDC Description Measurement
MMXN Amp MV Current | not Current Analog
allocated to a phase

MMXN Vol MV Voltage V not Voltage Analog
allocated to a phase

MMXN VoltAmp MV Apparent power (S) |ApparentPower Analog
not allocated to a
phase

MMXN VoltAmpr MV Reactive power (Q) |ReactivePower Analog
not allocated to a
phase

MMXIN Watt MV Power (P) not ActivePower Analog
allocated to a phase

MMXIN PwrFact MV Power factor not PowerFactor Analog
allocated to a phase

MMXIN Hz MV Frequency Frequency Analog

Table 16 — IEC 61850 DataObjects for CIM control types

IEC 61850 IEC 61850 IEC 61850 IEC 61850 CIM Control Types Subclass of CIM
Logical Node | Data Object cDC Description Measurement
cswl Pos DPC Switch position 2 Command

bits, valid values\are
open, closed]
ATCC TapPos ISC Set tap position of Setpoint
powef\transformer or
YLTQ phase‘shifter
ATCC TapChg BSC Change tap position Command
YLT( (alternative to
TapPos control)
ARCD TapChg BSC Change reactive Command
power (stop, higher,
lower)
AVCO SptVol APC Voltage setpoint Setpoint
ANCR ColTapPos ISC Petersen coil Setpoint
YEFN coil tap position
8.2.2 Recommendation for harmonization: CIM Measurement types
IEC 61850defines uuncidclamy more—data Ubjcbtb than—thetist of- meastrement typc rames

in IEC 61970. A generic solution is to add a new attribute in the CIM Measurement class to

hold a IEC 61850 data object name.

Recommendation R13: CIM based standards should use selected IEC 61850 data object
names as MeasurementType names.

Recommendation R14: [Alternative to R13] add a new attribute in the CIM Measurement
class called IEC 61850 DataObject, which is an enumeration and the value will be any data

object that is defined in IEC 61850.

It may be necessary to review and clarify some of the descriptions in IEC 61850 to avoid

ambiguities.
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The declaration of an actual UML Enumeration, for this purpose, is out of scope of this
document.

8.3 Measurement associations

IEC 61850-6:2009/AMD1:2018, 6.2, states that typically, a switch controller LN (CSWI) is
attached to a switching device, while a measuring LN (MMXU) is attached to the bay, which
delivers the measurands, and transformer-related LNs are attached to the appropriate
transformer.

This_is not a prescriptive rule and in practice measurement logical nodes may be attached to
any pf the elements described in Table 2.

Thele are several types of mappings for measurement associations:

o [iscrete status mapping where a CIM Discrete measurement associated with some
quipment can be directly mapped to Logical Nodes associated.” with the [SCL
epresentation of the same equipment.

=0

nalogue or Accumulator measurements not related to voltage”or current, may be
ssociated in the same manner as discrete status measurements) For measurements lised
y CIM applications, such as a state estimator, it is necessary-to identify the conneciivity
odes connected to the current and voltage transformers:,The measurement maps tq the
erminal that references the corresponding ConnectivityNode. The rules of IEC 61P70-
52:2015, 3.5 (Use of Measurement Classes) shall be followed.

e Measurements not associated with individual equipment should be associated with| the
ppropriate EquipmentContainer or other PowerSystemResource (e.g. Substation, Bay,
Rlant, or Line).

el T o il o § S

Q)

All |IEC 61850 sourced measurements _Ghall be associated with the appropriate
MeapurementValueSource.

8.4 | CSWI or XSWI/XCBR as source of switch position information

IEC p1850-7-4 does not distinguish between the value of switch position reported by XCBR or
XSWI and that reported by CSWI. Document IEC TR 61850-7-500 shows the XCBR is used to
report the actual breaker position based on the physical inputs and is used for interlocking,
whil¢ CSWI is used to report a copy of the XCBR or XSWI status to the station HMI.

In spme cases, IEC 81850 has multiple functions/Logical Nodes that can convey the sfame
infomation. As ‘an example, consider CSWI and XCBR. For CIM interactions to contfol a
position of a switch, the CSWI is required to be used. The CSWI also provides a filtered
posifion status (e.g. the CSWI position status may not include transient state information) of
the [switchi/breaker. IEC 61850 uses the CSWI to provide commands/information tg an
instgncetof the XCBR to actually perform the control. CIM based SCADA systems should be
capgble-of receiving both status (e.g. from the CSWI and XCBR) for monitoring purposes.|The
system that converts IEC 61850 to CIM information must be capable of being configured to
use either or both status position signals.

8.5 Direction of positive flow
8.5.1 General

The Measurement logical nodes that supply measurements of power and current do not have
any settings/configuration to indicate the direction of positive flow relative to the primary
equipment connectivity.
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It is common practice to indicate the earthing point (terminal) of CTs in the drawings, which is
either 'towards the busbar' or 'towards the line'. All other engineering artefacts must follow the
given/defined scheme for the project. As IEC 61850 is focussed on the functions rather than
on the type of bays, there is no means to indicate the producer/consumer use of them. TVTR
and TCTR, which could be the appropriate LNs to host this information, do not include it
today.

For physical devices, the international convention is to use the terminal designations ‘P1’ and
‘P2’ on the primary, ‘S1’ and ‘S2’ on the secondary side, where ‘1’ is the one closer to the
energy source.

The [CIM attribute is named “Analog.positiveflowin” and has the following definition:

If true then this measurement is an active power, reactive power or current withl the
onvention that a positive value measured at the Terminal means power is flowing intg the
lated PowerSystemResource.

8.5. Recommendation for harmonization: SCL power flow direction

Recommendation R15: IEC 61850 should add a SPG setting,~called PosFlwin, to| the
Meapurement logical nodes, to indicate the direction of positive<flew relative to the primary
equipment connectivity

The |[description of this setting would be:

he attribute is applicable for measurements of @ctive power, reactive power or curfent.
RUE means a positive measurement value_ihdicates power is flowing into the related
owerSystemResource. FALSE means a positive measurement value indicates power is
flowing out of the related PowerSystemResource.

8.5. Recommendation for harmonization: CIM power flow direction

Recommendation R16: The CIM definition for Analog.positiveflowin should be aligned with the
mor¢ semantically pure definition being proposed for IEC 61850.

8.6 | CIM Extensions for Distribution — Metering Model and Reading Types

IEC p1968-11 defines a,Metering package including classes such as ReadingType to support
enterprise integration‘of-'metering systems. A ReadingType instance is used as a unjique
identifier that specifies’/the attributes required to fully characterize a Reading. A Reading|is a
spedific value measured or calculated by a Meter or system. Attributes of ReadingTyp¢g are
defined as strings*in the UML model but are represented by integer codes in data exchandes.

codgs defined in IEC 61968-9. This states that “data elements can be described in terms ¢f 18
key pttributes (several of which are compound attributes)”. The task force believes that some
of these attributes correspond to part of the IEC 61970-301 CIM measurement package
including the changes recommended in this document. This implies some adaption of the
IEC 61968 model, but at the present time, there is not been a strong wish to harmonize.

Son{a of the IEC 61850 data objects clearly correspond to at least part of the ReadingType
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Real time data exchange mapping

Measurement identification

IEC 61850 defines a nested data model based on Logical Nodes. These may contain more
than 100 individual information attributes organised in a hierarchical structure of data objects
and data attributes. Both data object names and data attribute names can be structured. Data

item

LDN

s are uniquely identified using a name of the form

ame /| LNName. DataObjectName[.SubDataObjectName].

...]].DataAttributeNam[.SubDataAttributeName|. ...]]

Where
LDName is Logical Device name

LNName is Logical Node name

The
The
conf
nam
with

logical device name may use product-related naming fixed by th€) vendor, or it ma

the LDName are not important.

logical device name identifies a logical device that contains one or'more logical nodes.

y be

gured with function oriented naming. In the context of mapping SCL to CIM, either tyge of
ng convention may be used. To be mapped to CIM, Logical Noedes must be associated
the Node containers defined in the Substation section of the"'SCL. The actual valugs of

The |logical node name is made up of a standard classr name with non-standard prefixes|fand
instgnce numbers. The logical node prefixes and instance numbers may be fixed by the[IED
vendor, or may be configurable.
Defined in IEC Defined in IEC
61850-7-3 61850-7-4
LDMame LNMame DataMame | DataAttibuteMame
LM Prefix |}"LN class |LNIn5tﬂnce no
IEC
Figure-14 — Signal identification as defined in IEC 61850-7-2

9.2 [ Common.Data Class mapping
IEC p1850-7-3 "describes Common Data Classes (CDC) for status information, measpred
information;~controls, settings and their attribute types. These CDCs are structures [that

cont
data
nest

class contains one to six data attributes of type CMV, each of which contains

hin DataAttributes and may contain other simpler CDCs. For example, the WYE common

ore

ing of structures or attributes as shown in Figure 15 (partial example).
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class Common Data Classes : Measurand/

BasePrimitiveCDC

I

mMv WYE CMV DEL
phsA phsAB

mag.f :float - angRef :enumeration phsB - cVal.mag.f :float - angRef :enumeratior]
d :string - phsToNeut :boolean o - cVal.ang.f :float - d :string
q :Quality - d :string DS phsC - angRef :enumeration PhSBC‘
t :TimeStamp neut - d :string
units.Slunits :enum I — q :Quality phsCA

) L, net - — "
units.multiplier :enum | @—— - t :TimeStamp

® res - units.Slunits :enum
- unitsmultiplier :enum

V:  Measured Value

CMV: Complex Measured Value

E: Phase to ground/neutral related measured values of a three-phase system
contains 1to 6 CMV structures

DEL: Phase-to-phase measured values of a three-phase system

contains 1to 3 CMV structures

httributes:

H Description - optional free text
b Quality flag structure
Timestamp structure

ag.f Magnitude expressed as a floating point number

Val.mag.f Vector magnitude expressed as a floating point number
Valang.f Vector angle in degrees expressed as a floating point number
ngRef Enumeration for the source reference for the phase angle
nits.Slunit Enumeration that defines the SI unit

nits.multiplier Enumeration that defines the multiplier

IEC

Figure 15 — UML model of MV, DEL and WYE data classes

9.3 | Common Data Class mapping to IEC 60870 and CIM Measurements

The [SCADA commissioning use case (See 4.4) can include both direct mapping and via
intermediate protocols:

IEC TS 61850-80+1-describes standardized mapping to exchange information from QDC-
basgd data moedels (for example IEC 61850) using IEC 60870-5-101 or IEC 60870-5-104. A
typidal application is a gateway device that communicates between a substation and a coptrol
centfe.

IEC p0870-5-101/104 defines Application Service Data Units (ASDU). An ASDU is comp¢sed
of a data unit identifier and one or more Information Objects. Different ASDUs may be used
with the same information objects e.g. with or without timestamp information. For clarity, this
document refers only to the information objects.

This document extends the mapping defined in IEC TS 61850-80-1 in order to define a
mapping between IEC 61850 Common Data Classes, IEC 60870-5-101/104 Information
Objects and classes from the CIM Measurement package.

The information objects defined within IEC 60870-5-101/104 are straight-forward to map to
classes from the CIM Measurement package as shown in Table 17 below. Instances of
ValueAliasSet and ValueToAlias are used for discrete measurements and describe mappings
from specific integer values to symbolic names. Common data classes that contain
description data have no corresponding IEC 60870 real time information objects.


https://iecnorm.com/api/?name=af796cfb58466ef492149d2bda65db24

— 60 -

IEC TS 62361-102:2018 © IEC 2018

The mapping of CDC attributes to CIM attributes is shown in Table 19.

Table 17 — Mapping IEC 61850 Common Data Classes to IEC 60870
information objects and CIM classes

IEC 61850 IEC 61850 CDC Common Data Class | IEC 60870-5-101/104 CIM Class
Functional description Information Object
Constraint or
Service
Status(ST) SPS Single point status single-point DiscreteValue
information
Statds(ST) DPS Double point status double-point DiscreteValue
information ValueAliasSet
ValueToAlias
Statys(ST) ENS Enumerated Status measured value DiscreteValue
integer ValueAliasSet
ValueToAlias
Or
. Or
one or more instances
of single-point 1 or more instandes
information of DiscreteValue
Statys(ST) INS Integer status bitstring of‘32-bits 1 or more instandes
of DiscreteValue
Statys(ST) ACT Protection activation |One.of more 1 or more instandes
information instances of single-  |of DiscreteValue
point information
Statys(ST) ACD Protection activatigny,"{One or more 1 or more instandes
information with instances of single- of DiscreteValue
direction point information
Statys(ST) SPC Controllable\single In monitor direction: |DiscreteValue
point . .
single-point
information
Statys(ST) DPC Centrollable double In monitor direction: |DiscreteValue
point ) ValueAliasSet
double-point ValueToAlias
information
Statys(ST) ENC Controllable In monitor direction: |DiscreteValue
enumerated status ValueAliasSet
measured value ValueToAlias
integer
Or
Or
) 1 or more instandes
one or more instances | ot DiscreteValue
of single-point
information
Statys(ST) INC Controllable integer |In monitor direction: |DiscreteValue
status
measured value
integer
Status(ST) ISC Integer controlled In monitor direction DiscreteValue
step position "
information step position
information
Status(ST) SEC Security violation integrated totals AccummulatorValue
counting
Status(ST) BCR Binary counter integrated totals AccummulatorValue
reading
Measurand (MX) MV Measured value measured value, short|AnalogValue
floating number or
integer
Measurand (MX) CMV Complex measured One or two instances |One or two instances

value

(magnitude and
phase)

of short floating point
number or integer

of AnalogValue
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IEC 61850 IEC 61850 CDC Common Data Class | IEC 60870-5-101/104 CIM Class
Functional description Information Object
Constraint or
Service
Measurand (MX) WYE Phase to Via CMV Many instances of
ground/neutral related ) AnalogValue
measured values of a |Many instances of _
three-phase system measured value, short|E.g. Four instances
floating number or for phase A, B,C,
(set of CMV) integer neutral magnitudes
Measurand (MX) DEL Phase to phase Via CMV Many instances of
related measured ) AnalogValue
values of 2 three- Many ms(;ancles th e T i
hase system measured value, short|E.g. three instandes
P y floating number or for AB, BC, CGA
(set of CMV) integer magnitudes
Meagurand (MX) HMV Array of harmonic Via CMV Many instances of
values AnalogValue
Meagqurand (MX) HWYE Array of harmonic Via CMV Many instances of
wye values AnalogValue
Meagqurand (MX) HDEL Array of harmonic Via CMV Many instances of
delta values AnalogValue
Meagurand (MX) SAV Samples of measuredAalue, short|AnalogValue
instantaneous floating,number or
analogue values integer,
(see note below)
Contfol Service SPC Controllable single In"command direction: {Command
point .
single command
Contfol Service DPC Controllable double In command direction: |Command
oint
P double command
Contfol Service ENC Contrellable In command direction: |Setpoint
Enumerated Status .
set point command, Or
scaled integer )
1 or more instanges
1 or more instances |of Command
of single commands
Contfol Service INC Controllable integer |In command direction: [Command
status )
set point command,
scaled integer
Contfol Service BSC Binary controlled step {In command direction: {Command
position information .
set point command,
scaled integer
Contfol Servicg ISC Integer-controlled In command direction: |Command
step position .
information set point command,
scaled integer
Conttal'Service APC Controllable analogue [In command direction: [Setpoint
process value .
set point command,
short floating number
or integer
Control Service SPG Single point setting In command direction: {Command
single command
Control Service ING Integer status setting |In command direction: [Command
set point command,
scaled integer
Control Service ASG Analogue setting In command direction: |Setpoint

set point command,
short floating number
or integer
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IEC 61850 IEC 61850 CDC Common Data Class | IEC 60870-5-101/104 CIM Class
Functional description Information Object
Constraint or
Service
Setpoint(SP) or CURVE Setting curve n/a Curve
SettingGroup (SE)
Setpoint(SP) or CSG Curve shape setting [n/a CurveData
SettingGroup (SE)
Description CSD Curve shape n/a Curve
description
Description DPL Device name plate n/a Non-real time data
attributes
Or 1 or more
StringMe@suremgntVa
lues
Description LPL Logical node name n/a Non-real time datp
plate attributes
Or 1 or more
StringMeasuremgntVa
lues
NOTH Data objects with class SAV are samples of raw instantaneous analogue values. It is expected thafl data

with

transission to a control centre.

9.4

An

plternative standard

Common Data Class mapping to IEEE1815 and'CIM

this class type will be further processed into RMS or average ‘walues with class MX or WYE RQefore

intermediate protocol:for communication to control centreg is

IEEE1815 (DNP). A supplementary standard IEEE1815.1 defines full details of mapping of

IEC

Table 18 is a summary of the mapping,of IEC 60870 information objects to IEEE1815

1850 Common Data Classes to IEEE 1845 (DNP) data point types.

data

point types, plus the corresponding CIM classes.
Table 18 — Mapping IEEE1815 data point types to CIM classes
IEQ 60870-5-101/104 Information IEEE 1815 Data point type CIM Class
Object
sindle-point information Binary input DiscreteValue
douple-point information Binary input DiscreteValue
single command Binary output Command
douple command Binary output Command
medsured.value, short floating Analog Input AnalogValue
nunlber ot integer

set point command

Analog Output

Setpoint

integrated totals

Counter

AccummulatorValue

9.5

9.5.1

Data Attribute mapping

General

The attributes for real-time data can be mapped to CIM classes and attributes as shown in

Tabl

e 19.

If a value is substituted within the IED (subEna is TRUE), then the value to be used in the
control centre should be a copy of the subVal attribute and the MeasurementValueQuality
should indicate the source as “substituted”.
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Table 19 — Mapping IEC 61850 real time data attributes to CIM classes/attributes

cDC Attribute Description CIM Class CIM Attribute
Various q Quality of the main MeasurementValue MeasurementValueQu
data attribute e.g. ality
stVal
See note below
Various t Time stamp of the MeasurementValue timeStamp
main data attribute
e.g. stVal
SPS stVal Status value DiscreteValue value
SPC stVal Status value DiscreteValue value
DPC stVal Status value DiscreteValue value
DPC stVal Status value DiscreteValue value
ENS stVal Status value DiscreteValue value
INS stVal Status value DiscreteValue value
ISC valWtr.posVal Value with transient |DiscreteValue value

indication, step
position value

ACT general General indication One or more value
plus indications per instancés of
phsA phase and neutral DiscreteValue
phsB
phsC
neut
ACD As ACT plus General indication One or more value
. plus indications per instances of
dirGeneral phase and néutral DiscreteValue
dirPhsA Plus directional
dirPhsB information
dirPhsC
dirNeut
MV mag Magnitude (with AnalogValue value
deadband filtering)
CMV cVal.mag Magnitude and phase |One or two instances |value
(with deadband of AnalogValue
cvatang filtering)
WYE phsA.cVal.mag For each phase and |1 to 6 instances of value
neutral, magnitude AnalogValue
phsB.cVal.mag (with deadband
phsC.cVal.mag filtering)

neut.cVal.mag

net.cVal.mag

res.cVal.mag

DEL phsAB.cVal.mag For each pair of Three instances of value
phases, magnitude AnalogValue
phsBC.cVal.mag (with deadband
phsCA.cVal.mag filtering)
BCR actVal Counter value AccummulatorValue |value

9.5.2 Quality flag mapping

CIM MeasurementValueQuality has type Quality61850. Quality flags in this class are as
defined in IEC 61850-7-3, with the addition of estimatorReplaced, which has been included in
this class for convenience. The CIM does not model the detailed quality flags “inaccurate” or
“inconsistent”.
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9.5.3 Non-real time measurement attribute mapping

The real-time data classes may also have data attributes for non-real-time data that can be
mapped to CIM classes and attributes as shown in Table 20.

Table 20 — Mapping IEC 61850 Non-real time data attributes to CIM classes/attributes

cDC Attribute Description CIM Class CIM Attribute
Various d Textual description Measurement name or description
MV units.S1Unit Uni_ts of the Analog unitSymbol
MV attributets)

representing the
value of the data

MV units.multiplier Units of the Analog unitMultiplier
attribute(s)

CMV representing the

value of the data

MV rangeC.min minimum process Analog minValue
measurement

CMV

MV rangeC,max maximum process Analog maxValue
measurement

CMV

APC minVal Setting range Setpoint minValue

APC maxVal Setting range Setpoint maxValue

9.5.4 Recommendation for harmonization: CIM' measurement classes

Recpmmendation R17: Add additional CIM nmpeasurement classes to hold multiple measpured
valugs with the same timestamp and quality.

Thege classes would be similar to the\SvPowerFlow or SvVoltage classes for state variables.

For ¢xample:

o MeasurementVector would have attributes “magnitude” and “angle” and would correspond
tp the CMV common«tdata class.

e MeasurementComplexValue would have attributes “real” and “imaginary” and would
ypically be used_to hold values for real and reactive power.

—

10 Control"Model

10.1] CIM Control Modelling

10.1.1 General

The control model needs to be able to allow high level information exchange regarding
capabilities. However, it is not required to convey specific control service information (e.g.
directControl, selectBeforeOperate, etc.) that may be required to actually issue the telecontrol
to the field. Configuration of the service specific information is intended to be performed in a
protocol specific manner and is out of scope of this document. This area may be a topic for
future work.

The current CIM control model lacks some of the aspects that are needed in order to allow
telecontrol to field devices. The current IEC 61970 control model is shown in Figure 16.
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class Control /

AnalogValue

+Analegvalue

IdentifiedObject
Core= +PowerSystemRescurce
PowerSystemResource o1 ""‘-\_‘\
+Controls IdentifiedObject
T
i Control
identifiedObject + pperationinProgress :Boolean [0..1]
MeasurementValue + timeStamp :DateTime [0..1]
7 = +  unitMultiplier :UnitMultiplier [0..1]
+ mestamn; Tlasedae (1) +  unitSymbol UnitSymbaol [0..1]
+ sensorAccuracy :PerCent [0..1] 1§ iy e St
A B il iy
T A 7 *
AccumulatorValue |+Accumulatorvalue
AccumulatorReset
+ value dinteger 1011 |y +AccumulatorReset 0.1

+AnalegControl

AnalogContirol

maxValua™yFleat [0..1]

+ walue -Float[0.1]1 |1 0.1 | *F
+ minValGa :Float [0..1]
RaiseLowerCommand %
SetPoint
£ normalvalue :Float [0..1]
+RaiseLowerCommands 0. + walus :Float [0.1]
+WValuealiasSet | 0.1
Idemtified Object “ValuetliasSes +Values | jdenriffedObject
ValueAliasSet 1 1.+| ValueToAlias
=WaluetliasSet | g 1
=+Commands 0.~
DiscreteValue +DiscreteValue +Command Command

walue :Integer [0.1] 1

0.1

normalValue :Integer [0..1]
wvalue :Integer [0..1]

Figure 16 — Current CIM Control Model

18

19

an

10.12 Recommendation for harmonization: CIM control model

Recpmmendation R18: Modify the CIM control model as shown in Figure 17.

The [changes from the current model to the proposed model are based upon the need to:

° beneralized Raise/l ower into a DiscreteCommand. The DiscreteCommand allowsd
enumerated control to be sent, and the MeasurementValue whose value should change
based upon the control, to be specified.

e The value and normalValue attributes in Command were

removed and equivalent

attributes of the appropriate type, were placed into DiscreteCommand and AnalogControl.


https://iecnorm.com/api/?name=af796cfb58466ef492149d2bda65db24

- 66 — IEC TS 62361-102:2018 © IEC 2018

class HarmonizedContral

IdentifiedObject|

IdentifiedObject Meas::Control

Core:: +PowerSystemResource

+Controls operationinProgress: Boolean [0..11
timeStamp: DateTime [0.1]

0¥ 1
unitMultiplier: UnitMultiplier [0..1]

unitSymbal: UnitSymbol [0..1]
controlType: String [0..1]
‘ Meas::AccumulatorCommand A
«proposeds
+ cmdType: accumulatorCommandKine
% = cmdActivationTime: DateTime [0..1]

+A | 0.

PowerSystemResource

0.1

Measurement ValueComponent

Meas::MeasurementValue

+  timeStamp: DateTime [0..1]
+ sensorAccuracy: FerCent [0.1]

+MeasurementValue 0.1

+ walue: Integer [0..1]

Meas:-=Command |

+AnalogValue

Meas:-AnalogValue|

+AnalogControl

sproposeds
+ maxCmdCompletionint{Tileteerval [0.1

maxValue: Float [0.1]
minValue: Float [0..1]
normalValue: Float [0..1]
walue: Float

+ value: Fleat [0.1] |1

sproposeds

Meas:DiscreteValue | +DiscreteValue +DiscreteCommand | DiscreteCommand | +Discretecommand +ValuealiagSer |\dentifisdObject
- Meas::

3 vl irnegeri0eal + wvalue: Integer 0.7 \alueAliasSet

- normalValue: Integer

#ValueAliasSet I
+DiscreteCommand | 0.*

IdentifiedObject
Meas::
ValueToAlias

wenumeration, proposeds
accumulatorCommandKine

reset
freeza
un-freeze

IEC
Figure 17 — Proposal for revised CIM Control Model
10.1f3 Recommendation for harmonization: CIM CONTROL TYPES
Confrol Types are analogous to measurementTypes but apply to commands. I[EC 61970;301

doeg not define a standard list of contret’types.

Recommendation R19: CIM based standards should use selected IEC 61850 data object
namges as ControlType names or add a specific attribute as recommended| for
MeapurementTypes.

10.2| Automated control sequences

Modgls to enable.-the exchange of automated control sequences (e.g. System Integrity
Protection Schemes and/or switching sequences) are currently being developed by working
groulps or taskiforces responsible for both IEC 61970 and IEC 61850.

Recommendation R20: The relevant working groups and task forces e to

propese-a-harmonizedmode rd-mappingsfo omated-control-seg

should coordinat

11 Protection modelling

There is a general agreement within the IEC that the IEC 61970 Protection Model
(see Figure 18) needs to be re-evaluated prior to attempts to perform harmonization with
IEC 61850. This re-evaluation will probably cause a refactoring/redesign of the protection
model based upon the newer concepts of protection functions instead of protection equipment
as well as accommodating requirements for System Integrity Protection Schemes (SIPS).
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class Main /J

Core:: {:']___ Core::

IdentifiedObject PowerSystemResource
RecloseSe
closeSequence _.__._{::_, o
\'d'ir_es:: ConductingEquipment
0.~ —RecloseSequences Switch o
/ +ConductingEquipments
[ PRSP [P
<> 1 \IZI.." +ProtecticnEquipments
- +ProtectedSwitches OperatedByProtectionEquipment
Wik ProtectionEguipment|
ProtectedSwitch|, - o -l
. I
Wires-- Wires:: Wires:: synchrocheckRelay CurrentRelay
Recloser Ereaker LoadBreakSwitch

IEC

Figure 18 — Present IEC 61970 Protection Model

The [IEC 61850 protection functions (e.g. RPIOC, PTOC etc.) are not aligned with the phygical
devige oriented ProtectionEquipment model within CIM. The mapping between these
particular sub-domains will require thg,"analysis of several additional use cases that| are
curréntly not in scope of this document:

e Training simulation
e A

rotection Coordination

fda)

ystem Integrity Protection Schemes (SIPS)

o Asset Management

At present the «only detailed models within the CIM Protection package are for protegtion
funcfions that/are relevant to training simulators or distribution network fault IocTtion
appljcationsi_Slow-acting over-current protection functions may be modelled within training
simylators \to simulate scenarios involving line tripping due to overloads and especially for
scenaries requiring operator action to avoid cascade tripping.

All equipment types including Protection Equipment are assets. A CIM based asset
management application may need to use nameplate information from protection or other
IEDs.

Recommendation R21: IEC should re-evaluate the CIM Protection Model and model
protection functions that are aligned with IEC 61850.
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12 Communication model

IEC 61850-6:2009, Subclause 6.4 defines “The [EC 61850 communication model
[describes] the connections between IEDs ... across subnetworks by means of access points.
A subnetwork is ... a connecting node between access points, not a physical structure. ...
Although subnetworks only model logically 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 description and
maintenance of the physical structure is beyond the scope of SCL, although some features
allow to model it at least partly.”

The | CIM defines two classes. CIM RemoteUnit is used to model gateway deviees or
IEC p1850 IEDs. CIM RemoteUnits are associated with CommunicationLinks.

IEC B1970-301:2016, Subclause 6.17.2 defines the CIM CommunicationLink as [The
connection to remote units is through one or more communication links. Redundant links |may
exis{. The CommunicationLink class inherits from PowerSystemResource,~The intention |s to
allow CommunicationLinks to have Measurements. These Measurements can be used to
modEl link status as operational, out of service, unit failure etc.”

Therne are no specific attributes for RemoteUnit or CommunjcationLink for recording address
information e.g. IP addresses or RTU numbers used by othet protocols. However, the [CIM
doeg not provide a simple way to identify multiple access points on the same IED.

It is|possible to record some identification text using/the generic naming facilities inhefited
from| IdentifiedObject together with specific NameTypes. Table 21 shows the mapping for
communication elements.

Table 21 — Mapping SCL Communication elements

SCL element SCL description CIM Class
IED Arxautomation device RemoteUnit
Subnetwork Arconnecting node for direct (link CommunicationLink

layer) communication between
access points

Acceps point A communication access point of the |Association between RemoteUni{ and
logical device(s) of an IED to a CommunicationLink
subnetwork.

Routgr An IED with a router function can be [No specific CIM class. A RemotelUnit
connected with two different access |with a specific NameType could be
points to two different subnetworks used.
and allow TCP-based messages to
reach IEDs within the other
subnetwork;

Cloc Indicates where a subnetwork master [No specific CIM class. A RemoteUnit

clock is located

with specific NameType could be
used.

13 Settings and attributes

A System Configuration Description (SCD) file can contain the values of instantiated settings
using the DOI and DAI elements (IEC 61850-6:2009, 9.3.6). Some of these settings can be
mapped to CIM classes and attributes as listed in Table 22. Note that the IEC 61850 settings
and the CIM attributes may have different units.
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As described in Clause 11 Protection Modelling, the CIM Protection package IEC 61850
protection functions (e.g. PIOC, PTOC etc) are not aligned with the physical device oriented
ProtectionEquipment model within CIM. The IEC 61850 settings for protection logical nodes
do not correspond well with the CIM protection model attributes and are therefore not listed in
Table 22. Settings that cannot be mapped to existing CIM attributes may be copied to
instances of AnalogValue or DiscreteValue. As recommended in 8.2.2 the associated Analog
or Discrete instances will have an attribute called 61850DataObject whose value is one of the
data object names defined in IEC 61850.

Note that the majority of the attributes required by C
, !
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Logifal Nodes listed in IEC 61850-7-4 but not listed in Table 22 either have,'n@ setfings
elenjents, or they have no settings relevant to CIM.
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Annex A
(informative)

Use case details

A.1 SCADA/EMS/DMS configuration from IEC 61850 SCL — Description

A.1.1 Name of use case

Use case identification

1D} Domain(s) Name of use case
SCADA/EMS/DMS configuration from IEC 61850 SCL

A.1.p Scope and objectives of use case

Scope and objectives of use case

Rglated business Network or System Extension Planning
case
Scope Use a IEC 61850 system configuration description (SGD) to configure part of a CIM

based control centre model used for any CIM based,applications such as SCADA, EMS,
DMS, Asset Monitoring or other applications.

Objective Use the IEC 61850 information as the master'system of record to update the
SCADA/EMS/DMS

There are two major variations:

(1) For new 61850 system(s)/substation(s): use the SCD to create the relevant CIM
based model instances and associations.

(2) For modifications to 64850 system(s)/substation(s): use the SCD to create, deldte
or modify the relevant CIM based model instances and associations.

A.1.B Narrative of use case

Narrative of use case

Short description — max 3 sentences

An ¢ngineer, using a System*Configuration Tool (SCT), defines the primary equipment, single line connectivity,
ass¢ciations and IEDs for_a local automation system. This information is used to create the SCD file that is use
within I[ED Configuratien/tool(s) to configure the 61850 devices. This same SCD file can be used to provide
infofmation for the.medel used within CIM-based applications using IEC 61970 or IEC 61968.
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Complete description

NOTE The use case is written using the example of a transmission substation automation system, but the
general steps are applicable to any power system related local automation system.

The use case starts with requirements specification determined by a planning department e.g. following a
request for a new connection or a review of assets or load growth. In this use case the requirements are
expected to be defined in paper form, not in a CIM electronic format.

The next few steps of the use case use the top-down engineering process described in more detail in IEC 61850
Part 4 and Part 6. They are described in summary form in this document to introduce the concepts for the
benefit of readers who are not familiar with IEC 61850.

The System Configuration Tool (SCT) is used by a System Engineer to model any SCL defined installation, for
example an automation system for an electrical substation. The process starts by creating a formal specification
of the system requirements. The engineer inputs information on primary equipment types, names and
conhpectivity, typically based on the station's single line diagram. The required monitoring, protection, local
autgmation and other functions are described as template Logical Nodes that are allocated to the equipment
instances

y stage during this process, the automation system model can bé exported as a System Configuration
ription (SCD) file.

IEC|61850-6 describes how this SCD file is used as an input tO)IED tools in order to provide the IED specific
configuration using either proprietary formats or Instantiated.IED Description (IID) files. The details of this ar
not |ncluded in this document.

4

Thid use case describes additional steps, where the same SCD file is also used to as an input for a CIM basg¢d
modeling tool. If necessary, the model may be updated in the SCT and the review cycle repeated.

CIMJinformation that is not present or derived from*in the SCD file is added within a CIM based modeling tool.

Thel|output of a CIM model tool is an incremental update that can be applied to SCADA/EMS/DMS control center
sysfems.
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A.1.4 General remarks

General remarks

and
qual

The

The IEC 61850 standard initial scope was communication in substation automation systems and was primarily
related to protection, control and monitoring. From 2009 and onwards the IEC 61850 series have been updated

extended for more general measurements (including statistical and historical data handling) and power
ity.
concepts defined in IEC 61850 have been applied beyond the substation domain including modelling

automation systems for hydropower plants, distributed energy resources, and wind turbines. Work is in progress
for other applications such as distribution feeder automation.

The first edition of IEC 61850 did not include communication to network control centres. There are now a
number of standards and technical reports that address the mappings for SCADA communications. This is
ass¢ciated with a requirement for better vertical integration of the data models which is the subject of this usp-
case.
IEC|61850-6 specifies a file format for describing communication and parameters related to IED (Intelligent
Elegtronic Device) configurations, communication system configurations, switchyard (function) structures, anfd
the felations between them. The main purpose of the format is to exchange IED capability descriptions, and
systiem level descriptions between engineering tools of different manufacturers in a compatible‘way.
Thelfile format language is called System Configuration description Language (SCL).
It provides a way of describing
e |primary system equipment and connectivity (single line) description,
e |communication connection description,
e |Intelligent Electronic Device (IED) capabilities.
e |Allocation of IED logical nodes to the primary equipment.
Different subsets of the SCL language may be used at different stages-of the design, installation and
commissioning processes.
Thiq use case is mainly concerned with the following types:
SSO System Specification Description. This describes the.primary equipment, single line diagram and functigns
of the substation, plus the required logical nodes. It must contain a substation description section and may
confain the needed data type templates and logical .nede type definitions.
SCI) System Configuration Description. This file contains the substation description section; the IED descripfion
secfion including the data flows and Data Type-lemplates; plus, a section to describe the local communicatign
configuration.
Seef IEC 61850-6: Communication networks and systems for power utility automation — Part 6: Configuration
desg¢ription language for communication_in power utility automation systems related to IEDs
A.2| Use case diagrams
The Jactivity diagrams in Figures A.1 to A.3 show the main activities from the main actors{and
the key deliverables.
It shjould~be noted that the use case is informative only and is intended to illustrate a typical
engipeering process. The use case is equivalent to the process described in IEC 61850-4| but
it cohcentrates on the data ny(‘hnngnc between |EC 61850 based nnginnnring tools andICIM

based engineering tools.


https://iecnorm.com/api/?name=af796cfb58466ef492149d2bda65db24

— 83 —

:2018 © IEC 2018

IEC TS 62361-102

Lolydiiosap uonjesiyioads walsAs mainal pue ajealn — | ped weabeip AyAnay,~ Ly ainbi4
o3l

‘elep alow

sapnjoul Ing Jejiwis si Welbelp Bumojjo; aUp UO4ejSUE] UOKRWIO! 8Y]
"9sed 9N SIy} J0 }08(gns Urew oy o Yed ale SIGIsuel Uojewlojl 8Say| (S)10puBA G3ISI0pUBA
aj91dwon \\\\\\ /,
voneaueds S3JeuUIpIo0d - - ,,
wawhs EEmm_m 3 PR -7 0jodo) 0} diysuonejai AN
usuwe.nbe. ‘65 ‘yuawainbalL 12 sjuswainbay ulim suswainbay . sBueyox3 soyden
41 ass paliejep 19430 10} n_w\w\_o:\ma\x¢ N1 pue ABojodo} esiedg| apoN [eo1607 D pue ‘Buiwen juswdinb3

pue ‘soyde.b auj-auo
‘A6ojodo) Bujurejuod gss|

pue é\_cos_ ‘Malnay

Buluiejuos gss asiedg

PPV 0} ass arepdn \ | ‘ABojodoy yum ass rentu

Joaulbuz weshs 06819:3SS

sa|ny
uonoenx3 pasiAay

juswaiou| 19po
I3POIN WID

WIO Bupsix3

Iy uoneplijeA I9POIN WID

e

(ass ui sieyep

ue uopoesx3
WID @epdn

Bunsixe ym 300 fosd WID
Jo Aouaysisuo) azhjely

sajny uoyoenxy

uo paseq SUOISUIYXd
9/IO Ieniu| dojaAaq

ajeaud) jaafoid WID MEIS

s3Iy uondenxy

‘sapinbiquie aAowsl
pue sjnejap ‘ejedoidde 1os 0} suonippe ym san
Buiddewpiepuels uo paseq aq |im Aayy AjleardAL

“yOgewojUl 0G81L9 8Y) JO Uoke|SUes]} djewone
IN16 Inewoine-lwas sy IsiSse sajnJ uopdesx3 IO
X

1e8u1buz BullepO WID:FND

sjuawaainbai

sjuswasinbas vels

waysAs Jayjo pue ‘|onuod
‘Juswainseaw ‘uojjewolne
‘uopasjoud 4o 39S WNnwiuiWw pp

o ®
uBisap wajshs

JO )9S e sjesauan

(Buuasuibu3 uoneisqng) yuswypedsaqg Buluue|d:ad

\nwm | Hed A Apoy uopeinByuod joe

ase) asn jo weubeiqg



https://iecnorm.com/api/?name=af796cfb58466ef492149d2bda65db24

:2018 © IEC 2018

IEC TS 62361-102

— 84—

og1

uondussap uoijeinbijuod walsAs mainal pue ajealn — gz Jed weabeip AJIARDY — 2

Vv 9inbi4

@l buipnjouy
sq3) pasodoid
10 uogejuaWNOQ|

)10pusA Q3ISIOPUSA

ajepdn‘pue’ mainal
|e19A35 3 [IIM 19|

juswainsesw ‘sjuswainsesw
‘abueyoxe solydelB
‘ABojodo} suieuod) aos parepdn

\\ N
ajo|dwo) N
uonemnBiyucn I
|
|
1
| swayshs SBA !
| [ e reigoxs 35l W 910dwo JoN/e18fdwo) ubseq $@3] uoISSIWWOY)
|
” slie4ssed B0 L W
| |
| |
! ”
” ! oN Itey
% aseoas) uoneAROY Wi s
159240 (uonesjunwwod pue ‘senjeA sabueys

uBysap Jo p|ing Bujobuo
uodn paseg ubisaqg ajepdn

sa3| pareles
WM a0 pajeidwod

o101dwo)
uoneoypads
waeshs

|

sjuawaiinbay
4 3ey sa3i1o9|es

18u1bU3 wersAs 05819:3SS

uopeuuoul WID
J18yjo pue sjuswaInses|y
Vavos ainbyuon

joafoid
IO @jepdn

asedasfiaiepdn WID

jJaw sjuawaiinbais
133u8) [03UCD/NID MHBA

J1eauibuz BuljepoN WID:IWD

‘eep

210w YmIng weibelp snoiaaid sy ul Jajsues sy} o) Jejiwis si siyL
"9se0 9N SiY 40 }08lgns urew 8y 0 ked s Jajsues) UOKeULIOUI SIY|

uopoajes

@31 aAcidde
pue uogeuLoul

(Buuesuibu3 uonesqng) Juswuedaq Buluue|d:ad

\n_ow Z Wed A1Apoy uoneinbyuo) joe



https://iecnorm.com/api/?name=af796cfb58466ef492149d2bda65db24

— 85—

IEC TS 62361-102:2018 © IEC 2018

"S9]0A0 MBIASI JO Jaquinu pajiwi] B YlIIMm SMojj ejep paliidwis ay) smoys ¢y a.nbi4

o3|

welibelp asuanbag — ¢y aunbi4
(s1030v wiouy) (s10)0vy wouy) (ss010v wouy) (s1030v wiouy)
| | | !
I _ _ _ I A .
| |
!  uondas Ul siequinu days !
! 3y} 0] puodsauod Jajsuen yoes 1oy sisquinu xiyaid ayy !
“ “ asedasn uoneARdY IAIID
“ 1 1 1 “ .
! “ “ “ | Amﬂvm.mmm_c
I I I I I _ WID 412
| 1 1 1 1 (Juonewoyur WS PPY ™ 22 1
! 1 1 1 ! >
! | | ! o[ )| (ass) buiddey T CEEENEEER (1D
i ! ! M _ (eNaos vz i \
I (zyaos T 1 |
I I I
| | T 1 | |
“ ()selepdn pue sjsé) aouejdedsoe-ald™ 0z “ !
| |
! | !
| T | 1
! (0sa3l einbyudo 6L ! !
! [ L ! !
! ! TT0aoser | | o ! !
| | | | Ouosiney /i 1 |
“ l l 1 “ T (siuewwiod 9L ! !
I I I i t
1 | | | ! ! ol
| 1 1 1 T >
“ 1 1 1 1
| | — |
| | | »l] (\Naos er 1 |
(1A) =
“ (JuBsadsuonesiunwwobz L1A)aos “ |
1 | I
| - = |
| i i VT Oaor Ll L .| ;
| | . 1 (Oseo1nap pajeg vol | Wa|
| ! > ] ()s@a1nep pesodoid Maimney 01 | g
1 (aqs” 1 |
~ (@Nass7s0 | |
! ! " (sorepdn 20 ! !
| 1 1 1 -t | 1
“ | | | .“| (sIUBWWon ™90 | |
! ! ! i ¥ Juswwioy |
! l l l 1 W »l]
“ | | | Omeiney 50 10 | =
[ | | |
| | | | (ass)buidde; |
! | 1 | > ! 1
! T ! o] (inasseo T ! [
| ! ! (1wass | | !
| | | v | | |
! l l - OAnu3z | l |
1 I ] eled 2o | |
“ “ “ “ “ hl “ (Juoneoyoadsg :m_w+o ,meme.__szf\vo "
) I I ] I I (sidpoy | I
[ | I I [ | wby) | !
“ (sidioy (siajoy (siajoy “ “ eidor (sidjoy “
1 EVS EFS EFS | | pue Buljapo E?h (Buupauibuz uonesqgng)
(slopuap @31 _oo._. a3l :oo:._.om 1oaulbuz woshs 05819 Jesulbul BullGPOW IO SINE/ NID wsn\ws_m?.n_<0w jusjupedsq Buiuueld
@iojpe ssausng» ] ] ] «Jojoe ssaulsng» «ojoe ssauIsNg» ] ] 10joe ssaulsng»
ko) © <o M
\ @ouanbag aseyasnepesg ps



https://iecnorm.com/api/?name=af796cfb58466ef492149d2bda65db24

A.3 Technical details

A.3.1
stakeholders

— 86 —

IEC TS 6236

This use case is written using the following actors:

1-102:2018 © IEC 2018

Actors: People, systems, applications, databases, the power system, and other

specific application for the
configuration or integration
of IEDs

Actors
Grouping (community) Group description
——ACTtoT TTamnme Actor type Actor descriptiom | Furtherinformmation
see Actor list see Actor list see Actor list specific to this l}\%ase
Planfing Department Organization Designs and/or specifies Part of the role-of
(Subgtation Engineering) the substation, primary IEC 61850-4.actor "Project
equipment and functional requiremepts| engineerf'
. concerned‘with project
requirements. scope
CIM Modeling Engineer Person Supports the SCADA and
EMS systems. Does all data
modeling using the
modeling tools within thé
SCADA/EMS/DMS systent.
CIM/EMS Modeling tools System Sub-system of a
SCADA/EMS/DMSsed to
create and update the
model
SCADA/EMS/DMS System A systéem)that provides for
monitering, control,
reporting and analysis of
transmission or distribution
networks.
6185D [Automation] Person Configures and supports Equivalent to the comb|ned
) the 61850 automation roles of IEC 61850-4
Systg¢m Engineer systems. actors:
Project requirements
Engineer (details),
Project design engineef,
System integrator,
IED parameterizing
engineer,
Testing and commissiohing
engineer
Subsftation Configuration System A tool for configuring "System Configurator"
Tool (SCT) automation systems. This )
includes describing the in [EC 61850-6
system/substation
equipment, connectivity
model, IED devices and the
local communications.
IED Vendor Organization Vendor of IEDs and/or IED |Same as IEC 61850-4 actor
Tools that are or might be |, "
potential solution providers. | Manufacturer
IED Tool System Vendor and/or product "I[ED Configurator"

in IEC 61850-6
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Actors

Grouping (community)

Group description

Actor name
see Actor list

Actor type
see Actor list

Actor description
see Actor list

Further information
specific to this use case

IED

System

Any device incorporating
one or more processors
with the capability of
receiving or sending
data/control from or to an
external source (for
example, electronic

multfunction rnah:rc1 digital

relays, controllers)

IEC
follo

wing actors and tools:

61850-4 describes a typical system engineering processes in more detail using

the

Actors

Grouping (community)

Group description

Actor name
see Actor list

Actor type
see Actor list

Actor description
see Actor ljst

Further informatio

specific to this use dase

Proj¢g
engir

ct requirements Person / Role

eer

sets up the scope/of the
project, its boundaries,
interfaces, functions and
special requirements
ranging, from needed
envifonmental conditions,
reliability and availability
reguirements up to process
related naming and
eventual specific address
range restrictions or
product usage. He defines
what he wants to have
application wise and how
he wants to operate the
system (project requirement
specification). He finally
accepts the delivered
system

"Planning Department
(Substation Engineerin
defines the project sco

"61850 [Automation]

System Engineer" defir]
the details

D)
pe.

Proje

engi

ct design RPerson / Role

heer

defines, based on the
requirements specification,
how the system shall look
like; its architecture,
requirements on the
products needed to fulfil the
required functions, how the
products should work
together. He thus defines
the system design

sneacification
S HHEaHeh-

Role played by
"61850 [Automation]

System Engineer"

Manufacturer

Organisation

Supplies the products from
which the system is built. If
necessary, it supplies a
project specific IED
configuration

Same as

"[ED Vendor"
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Actors

Grouping (community) Group description

Actor name
see Actor list

Actor type
see Actor list

Actor description
see Actor list

Further information
specific to this use case

System integrator

Organisation

Builds the system,
engineers the
interoperation between its
components based on the
system design specification
and the concretely available
products from the

manufacturers—and
T

Role played by
"61850 [Automation]

System Engineer"

integrates the products into
a running system. This
results in a system
configuration description

IED parameterizing Person / Role uses the set-up possibilities |[Role played)by
) of the system and device R .
engipeer configuration to adjust the 61850, [Automation]
process, functional and S¢stem Engineer”
system parameters of an
IED to the project-specific
characteristics.
Testipg and Person / Role tests the system on-the Role played by
o . basis of the systemcon- " )
commissioning engineer figuration descripfion, 61850 [Automation]

system design‘and
requirements.specification
and addifional
documentation, and puts
the system into operation

System Engineer"

Systg

m specification tool

System

specifying the system and
device requirements
regarding the needed
system functional and
process capabilities

Part of

"Substation Configuratipn
Tool (SCT)"

systg
(syst

m configuration
em design) tool

System

allows selection of needed
IEDs based on a system
(requirements)
specification, and defines
the communication
connections between the
IEDs of the system and the
logical relations between
IED functionality and the
primary equipment

Part of

"Substation Configuratipn
Tool (SCT)"

IED
(parg

onfiguration
meterization)teol

System

allows making the detailed
parameterization of an IED
based on a system design
and requirement
specification beforehand
and a system description
delivered by the system

Same as "IED Tool"

configuration tool after the
system configuration
process.
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A.3.2 Preconditions, assumptions, post condition, events
Use case conditions
Actor/System/ Triggering event Pre-conditions Assumption

Information/Contract

System Planning
determines the need for a
new or expanded station.

Requests for new
connections or periodic
reviews

Planning Department
(Substation Engineering)
specifies the station
layouts and request
equipment to be ordered.

Asset Management

Business decision

Planning Department

Equipment is ordered and

males funds avattabie for
the fonstruction of the
stat|on

(Substatiom ENgMeerng)
has completed design of
station

projectis Tefeased for
construction

Conjstruction
Marjagement build station

Equipment for station has
been received

Funds and approval to
construct have been
received

Profection and Control
Technicians wire the
statlon automation
system.

Primary equipment has
been installed

This ‘activity includes the
physical devices and
communication network
equipment.

Extraction Rules

The rules for extracting
the appropriate
information from the §SD
or SCD into a CIM mofel,
will be a combination ¢f

generic mapping rules|to
be defined in an IEC
technical report, plus
application and/or project
specific selection critdria

A.3.8

References / Issues

References

type

No. References

Reference

Status

Impact on use
case

Originator /
Organisation

Link
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A.3.4 Further Information on the use case for classification / mapping

Classification information

Relation to other use cases

The use case is written using the example of a transmission substation automation system e.g.
— Configuration of SCADA and EMS for State Estimation.

— The general steps are applicable to any power system related local automation system e.g.
— Configuration of Distribution Feeder Automation
— Configuration of Asset Management/Asset Health Systems

— Configuration of Distributed Energy Resource Management Systems

Thepe uses cases will have different Actors that provide the original requirements specification and performihe
reviews, but the general flow will be the same.

Thiqd use case describes a one-way information flow in electronic format from a 61850 configurationtoel to a
CIM|based system.

Thel|information flow in the other direction is via paper or verbal instructions. There is a complementary use gase
in the other direction "Using CIM information as input to the 61850 configuration process's

Thiq use case is a pre-requisite for other use cases that transfer real time data to/fromthe 61850 based loca
autgmation systems to CIM based control centers e.g.

— |Volt-Var optimisation

— |System Integrity Protection Schemes (SIPS)
— |Self Healing in distribution networks

— |Micro-Grid applications

— |Virtual power plant applications

Etc.

Level of depth

Prioritisation

Generic; regional or national relation

View

Further keywords for classification

A.4( Step by step analysis of use case

Ad4.d Pre-conditions
Scenario conditions
No. Scenario name Primary actor Triggering Pre-condition Post-condition
event
4.1 System Project is System Design package
Engineering funded Planning is provided to
determines the Modeling
need for station | and System
Engineers. This
is a manual
transfer
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A.4.2

Steps — Normal

—-91 -

Scenario

Scenario name:

Use SCD to create the relevant CIM based model instances and associations.

Step Event | Name of |Description of| Ser- | Information Information Information Requi-
No. process/ process/ vice producer receiver exchanged rement,
activity activity (actor) (actor) R-ID
1 Create Planning 61850 System |Station design
requirements Department Engineer documents
and design (Substation including
Specification. Engineering) )
requirements for
measurements
2 Inputs design 61850 System |SCT
requirements Engineer
into SCT
3 Issues System 61850 System |CIM Modeling [Substation
Specification Engineer Engineer equipment types,
Document for names,
review connectivity,
assignment to
template Logical
Nodes
4 Review of CIM Modeling Check list for
station design Engineer equipment and
from power . connectivity
systems with h_elp frem
perspective Planning
Department
(Substation
Engineering)
5 Review of CIM Modeling
station design Engineer
from
measurements
perspective
6 Provide-review CIM Modeling |61850 System |Paper or verbal
comments Engineer Engineer
7 Revise station 61850 System |SCT
specification Engineer
8 [Optional] 61850 System |IED Vendors SSD
issue SSD as Engineer
IED
requirements
9 Supply IED IED Vendors 61850 System |IED Capability
capability Engineer Description (ICD)
descriptions files
10 Select-vendor 64850 System
equipment/ Engineer
products
10A Review product Planning 61850 System
selection Department Engineer
11 Import IED 61850 System |SCT IED section of
capability Engineer SCD
descriptions.
Allocate
specific IEDs
12 Start 61850 System |SCT Communications
communication Engineer section of SCD
s design
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Scenario

Scenario name:

Use SCD to create the relevant CIM based model instances and associations.

Step Event | Name of |Description of| Ser- | Information Information Information Requi-
No. process/ process/ vice producer receiver exchanged rement,
activity activity (actor) (actor) R-ID

13 Issue draft 61850 System |CIM Modeling [Substation
System Engineer Engineer equipment types,
Configuration names,
Description for connectivity,
review assignment to

specific Logical
Nodes for
specific IED
instances

14 Review of CIM Modeling Check list(for
station design Engineer + equipment and
from power Planning conneetivity
systems Department
perspective (Substation

Engineering)

15 Review of CIM Modeling Check list for
station design Engineer + equipment +
from SCADA/EMS associated
measurements users measurements
perspective

16 Provide review CIM Modeling
comments Engineer

17 Revise station 61850.System |SCT
configuration, Engineer
complete
communication
s design

18 Export SCD 61850 System |SCT
and import into Engineer
IED
configuration
tools

19 Configure IEDs 61850 System |IED Tools, IED specific

Engineer IEDs configuration

20 Local system 61850 System
pre-acceptance Engineer
tests
Correct SCD
and IED
configurations
as needed

21 Issue as-built 61850 System |Modelling
System Engineer Engineer
Configuration
Description

22 Add CIM Modelling SCADA/EMS/D |CIM update(s)
specific Engineer MS (model
information. management) |Note 1
Produce
update for test
SCADA/EMS/D
MS

23 Repeat review 61850 System
cycle steps 12 Engineer
to 22 as )
necessary CIM_ModeImg

Engineer
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Scenario

Scenario name:

Use SCD to create the relevant CIM based model instances and associations.

Step Event | Name of |Description of| Ser- | Information Information Information Requi-
No. process/ process/ vice producer receiver exchanged rement,
activity activity (actor) (actor) R-ID
24 Commissioning 61850 System |SCADA/EMS/D
and final Engineer MS (test)
acceptance CIM Modeling
Engineer
O UAUAIENIO
users
25 Perform Test SCADA/EMS/D |SCADA/EMS/D |CIM update(s)
and Validation MS (model MS (online)
to turn on management) Note 2
SCADA and
receive 61850
data

NOTH 1 Step 22 is part of the CIM Update use case. The CIM update information will be incorporated into the
EMS/DMS after full validation and verification is complete, e.g. in a test environment. The model update fgr the

onling system would be scheduled.

NOTH 2 Step 25 is part of the EMS/DMS Activation Use Case. The ClM“update information will be incorpgrated

into the online EMS/DMS and the new measurements activated.

A48 Steps — Alternative, error management, and/or maintenance/backup scenario

A
Scena®s
r XN

Sd¢enario Use SCD to create, delete or update the relevant CIM based model instances and
name: associations.
Step | Event | Name of |Description of| Servi Information | Information | Information Requiremelnts ,
No. process/ process/ . @ producer receiver exchanged R-ID
activity activity Q\ (actor) (actor)
1-24 Create initial As step 13
system as above
normal use )
case PL_US, unique
object
identifiers for
instances
used in CIM
model
25 Create change Substation
request Engineer
26 Revise station 61850 SCT
configuration System
Engineer
27 Issue System 61850 CIM Modeling [As step 13
Configuration System Engineer above
Description for Engineer )
review W|t_h same
unique object
identifiers
28- Same as steps
end 14-24 above.
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A.5 Information exchanged

Information exchanged

Name of information exchanged Description of information Requirements to information
exchanged data
R-ID
System or Substation data "serves to describe the functional

structure of a substation, and to
identify the primary devices and
their electrical connections. ...

lncludac:

Substation, Plant, Lines or other
location container name(s)

Voltage Level name(s)
Bay name(s)

Equipment & Sub-equipment
names, types

Terminals, Connectivity Nodes &
associations

Functions & Sub-functions

Diagram data Coordinates to draw a single-line
diagram corresponding to the

(optjonal) electrical connectivity

Megsurements, Status & Controls IED instances containing

Logical Nodes associated with
equipment and containing

Data Objects

Data Attributes that can be
mapped to CIM measurements
(analogs,.digitals, controls,
counters?)

Setlings & Parameters IED instances containing

Logical Nodes associated with
equipment and containing

Data Objects

Data Attributes for settings that
can be mapped to CIM attributes

Conpmunication configuration Description of the communication
configuration from the control
centre view point.

A.6| “"Common terms and definitions

Common terms and definitions

Term Definition
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