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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENERGY MANAGEMENT SYSTEM APPLICATION
PROGRAM INTERFACE (EMS-API) -

Part 452: CIM static transmission network model profiles

FOREWORD
1

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing
Il national electrotechnical committees (IEC National Committees). The object of IEC is to prombte internatjonal
p-operation on all questions concerning standardization in the electrical and electronic fields!_To this endq and
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reforts,
ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC\'Publication(s)"). Their
reparation is entrusted to technical committees; any IEC National Committee interestedin the subject dealf with
ay participate in this preparatory work. International, governmental and non-governmental organizations liajsing
ith the IEC also participate in this preparation. IEC collaborates closely with the'International Organization for
tandardization (ISO) in accordance with conditions determined by agreement between the two organizatiops.
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2) Tlhe formal decisions or agreements of IEC on technical matters express, as\fiearly as possible, an internatjonal
onsensus of opinion on the relevant subjects since each technical committee has representation from all

terested IEC National Committees.

‘o o

3) IEC Publications have the form of recommendations for international use and are accepted by IEC Natjonal
ommittees in that sense. While all reasonable efforts are made\to ensure that the technical content off IEC
ublications is accurate, IEC cannot be held responsible forl the way in which they are used or for| any

isinterpretation by any end user.

3 .10 —=

4) order to promote international uniformity, IEC National* Committees undertake to apply IEC Publications
ansparently to the maximum extent possible in their national and regional publications. Any divergence betyveen

|
t
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide confofmity

sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo any
rvices carried out by independent certification bodies.

6)
7)

Il users should ensure that they have thelatest edition of this publication.

o liability shall attach to IEC or its ‘directors, employees, servants or agents including individual experty and
embers of its technical committees-and IEC National Committees for any personal injury, property damage or
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)| and
xpenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other| IEC
ublications.
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8) Attention is drawn to the~Normative references cited in this publication. Use of the referenced publicatiops is

dispensable for the ‘correct application of this publication.

9) Attention is drawn tothe possibility that some of the elements of this IEC Publication may be the subject of patent

ghts. IEC shalkinot be held responsible for identifying any or all such patent rights.

=

Intefnational_Standard IEC 61970 has been prepared by IEC technical committee 57: Pqwer
systems management and associated information exchange.

This—fourth—editiom—cancets—andTeptaces—the—third—editiom pubtished—m—26+7—This—edition
constitutes a technical revision. It is based on the I|EC 61970 UML version
‘IEC61970CIM17v40’, dated 2020-08-24.

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

a) The classes PowerElectronicsConnection, PowerElectronicsUnit and
PowerElectronicsWindUnit are added to the Core Equipment profile.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
57/2400/FDIS 57/2407/RVD

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

The language used for the development of this International Standard is English.

Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and develaped in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement)available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC|are
described in greater detail at www.iec.ch/standardsdev/publications.

A ligt of all parts in the IEC 61970 series, published under the general title Energy management
sysiem application program interface (EMS-API), can be found on the IEC website.

The| committee has decided that the contents of this document witl.remain unchanged until the
stahility date indicated on the IEC website under webstore.iec.ch in the data related to|the
specific document. At this date, the document will be

e freconfirmed,
e Wwithdrawn,
e feplaced by a revised edition, or

e amended.

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

This part of IEC 61970 is part of the IEC 61970 series that define an application program
interface (API) for an energy management system (EMS).

The IEC 61970-300 series specifies a Common Information Model (CIM). The CIM is an abstract
model that represents all of the major objects in an electric utility enterprise typically needed to
model the operational aspects of a utility. It provides the semantics for the IEC 61970 APIs
specified in the IEC 61970-400 series of Component Interface Standards (CIS). The
IEC 61970-300 series includes IEC 61970-301, Common Information Model (CIM) base and
draff standar - , common Information Mode or Dynamics.

Thig document is one of the IEC 61970-400 series of Component Interface Standards fhat
specify the functional requirements for interfaces that a component (or application) dhall
implement to exchange information with other components (or applications) and/or to acgess
publicly available data in a standard way. The component interfaces describe the spe ific
megsage contents and services that can be used by applications forlthis purpose. [The
implementation of these messages in a particular technology is described in the IEC 619704500
series.

Thig document specifies the specific profiles (or subsets) of the. CIM for exchange of static
power system data between utilities, security coordinators and'ather entities participating in an
intefconnected power system, such that all parties have“access to the modelling of their
neighbour’s systems that is necessary to execute state estimation or power flow applicatipns.
Currently three profiles, the CoreEquipment Profile, the/Operation Profile and the Short Circuit
Profile, have been defined. A companion standard, JEC/61970-552, defines the CIM XML Meodel
Exchange Format based on the Resource Description Framework (RDF) Schema specificgtion
landuage. IEC 61970-552 is the common industry-approach and is recommended to be Used
to tansfer power system model data for the IEC 61970-452 profile.
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Common Power System Modelling group (CPSM) produced the original data requireme

whi
exc

reqlired data has been extended starting with the first edition of this standard to facilita

model exchange that includes parameters common to breaKer-oriented applications. Where
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Annlex D explains the processing of multiple(profiles such as the three profiles described in
starjdard. The use of different curve styles to define ReactiveCapabilityCurve-s is explaineg
Annex E.

Thig document is intended for two.distinct audiences, data producers and data recipients,
mayf be read from two perspectives.

am

XML formatted data file for model exchange. This document does not dictate how the nety
is modelled, however. It only dictates what classes, attributes, and associations are to be U

tod

2

Frovln the standpoint of model export software used by a data producer, this document descr
i
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Scope

res and/or control centre components, such as power systems applications.

purpose of this document is to define the subset of classes, class ‘attributes,
bciations from the CIM necessary to execute state estimation and poweérflow applicati
North American Electric Reliability Council (NERC) Data Exchange Working Group (DE

h are shown in Annex F. These requirements are based on prior industry practicesg

hanging power system model data for use primarily in planning-studies. However, the li

bssary this document establishes conventions, shown in Clause 6, with which an XML
must comply in order to be considered valid for exchange of models.

idea of a modelling authority as the source.résponsible for the modeling of a given re
bscribed in Annex B. The concept of a boundary between regions is explained in Anne

nimum subset of €IM classes, attributes, and associations which must be present in

escribe the,seurce model as it exists.

Normative references

Thig document is one of the IEC 61970-450 to 499 series that, taken as a whole, defines al\ an
ract level the content and exchange mechanisms used for data transmitted betweén, control

and
bNS.
NG)
nts,

for
5t of
e a

lata

data exchange use cases which this standard.js\tneant to support are described in Anneix A.

jion
X C.
this
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and
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vork
sed

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

NOT

E For general glossary definitions, see IEC 60059, International Electrotechnical Vocabulary.

IEC 61970-301:2020, Energy management system application program interface (EMS-API) —
Part 301: Common information model (CIM) base

3

Terms and definitions

No terms and definitions are listed in this document.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

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

4 Application profile specification
4.1 General
An pxtenrsive—eiseussion—efthe—trodelexehanrge—use—eases—ear—be—fourd—in—Arrex+*~—Hn all
casgs, the purposes of this document are:
e [To improve the accuracy of power system models used in critical systems, particularly| the
Frepresentation of parts of the network outside the primary domain of the system)in‘ques{ion.
e [fo achieve consistency among the models used by the various systems thatplay a role in
bperating or planning the interconnection.
e [To reduce the overall cost of maintaining critical models used in operating or planning an
nterconnection.
The| classes, attributes, and associations identified in IEC 61970-301 and specified in |this
document represent the minimum subset of the full CIM model, iecessary to exchange suffidient
power system data to support state estimation and power.flow for HV(high voltage) and|MV
(medium voltage) networks. IEC 61968-13 describes the profiles used to exchange distribytion
MV/LV (low voltage) network models.
4.2 | Version information
4.2 Core equipment profile
— |Title: Core Equipment Vocabulary
- |Keyword: EQ
— [Description: This vocabulary is describing the core equipment profile from
IEC 61970-452.
— |Version IRI: http://iec.€h/TC57/ns/CIM/CoreEquipment/4.0
— |Version info: 4.0.0
— [Prior version: http://iec.ch/TC57/61970-452/CoreEquipment/3
— |Conforms to: (" brn:iso:std:iec:61970-452:ed-4|urn:iso:std:iec:61970-301:ed-
7:amd1|file://iec61970cim17v40_iec61968cim13v13a_iec62325¢cim03y17
a.eaplurn:iso:std:iec:61970-401:draft:ed-1|urn:iso:std:iec:61970-
501:draft:ed-2
— |ldentifier: urn:uuid:aa5a0075-82df-4e6a-8879-8e860deb4da9
4.2.2 " Qperation profile
- Title: Operation Vocabulary
—  Keyword: OP

Description: This vocabulary is describing the operation profile from IEC 61970-452.

Version IRI: http://iec.ch/TC57/ns/CIM/Operation/4.0

Version info:  4.0.0

Prior version: http://iec.ch/TC57/61970-452/Operation/3

Conforms to:  urn:iso:std:iec:61970-452:ed-4|urn:iso:std:iec:61970-301:ed-

7:amd1|file://iec61970cim17v40_iec61968cim13v13a_iec62325¢cim03v17

a.eap|urn:iso:std:iec:61970-401:draft:ed-1|urn:iso:std:iec:61970-
501:draft:ed-2

Identifier: urn:uuid:26cd507d-95c2-4003-95a8-6¢c148a8fcd71
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4.2.3 Short-Circuit profile

Title: Short Circuit Vocabulary
Keyword: SC

021

Description: This vocabulary is describing the short circuit profile from IEC 61970-452.

Version IRI: http://iec.ch/TC57/ns/CIM/ShortCircuit/4.0

Version info: 4.0.0

Prior version:  http://iec.ch/TC57/61970-452/ShortCircuit/3

Conforms to:  urn:iso:std:iec:61970-452:ed-4|urn:iso:std:iec:61970-301:ed-
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7:amd1|file://iec61970cim17v40_iec61968cim13v13a_iec62325¢cim03
a.eap|urn:iso:std:iec:61970-401:draft:ed-1|urn:iso:std:iec:61970-
501:draft:ed-2

Identifier: urn:uuid:e75168b4-6581-46ab-bc1c-fa7ef332558e
Requirements and constraints
subclause defines requirements and constraints that shall be fulfiled by applications

orm to this document. The naming of the rules shall not be used for machine process
rule names are just strings. The naming convention of the constraints is as follows.

e.Type}:{rule.Standard}:{rule.Profile}:{rule.Property}:{rule:Name}"

re

Type: C — for constraint; R — for requirement

Standard: the number of the standard part, e.g. 452 for IEC 61970-452.

Profile: the abbreviation of the profile:

p  EQ - Core Equipment Profile

p OP — Operation Profile

p  SC — Short Circuit Rrofile

b ALL — All profiles.(the constraint applies to all IEC 61970-452 profiles)

Property: for UML-classes, the name of the class, for attributes and associations, the n

e class and attribute or association end, e.g. EnergyConsumer, IdentifiedObject.name,
t to "NA" the:property is not applicable to a specific UML element.

Namé:the name of the rule. It is unique for the same property.

that
ing.

hme
etc.

Exa

pln: C:452:A1L1 :Ir‘lnnfifindﬁhjnr‘f_nnmn:cfringl nngfh_

e C(C:452:ALL:NA:datatypes

According to 61970-501, datatypes are not exchanged in the instance data.
UnitMultiplier is 1 in cases none value is specified in the profile.

e R:452:ALL:NA:exchange
Optional and required attributes and associations must be imported and exported if they

are in the model file prior to import.

The
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o R:452:ALL:NA:exchange1

If an optional attribute does not exist in the imported file, it does not have to be exported
in case exactly the same data set is exported, i.e. the tool is not obliged to automatically
provide this attribute. If the export is resulting from an action by the user performed after
the import, e.g. data processing or model update the export can contain optional
attributes.

o R:452:ALL:NA:exchange?2

In most of the profiles the selection of optional and required attributes is made so as to
ensure a minimum set of required attributes without which the exchange does not fulfil

S gl C—pPpUHPDOSE BTSSR Droce goverpiing o cren S e es ab2la' egulre
mandatory exchange of certain optional attributes or associations. Optional and regujired
attributes and associations shall therefore be supported by applications whieh/claim
conformance with certain functionalities of the IEC 61970-452. This provides| flexihility
for the business processes to adapt to different business requirements,and base|the

exchanges on IEC 61970-452 compliant applications.
b R:452:ALL:NA:exchange3

An exporter may, at his or her discretion, produce a serialization, containing additipnal
class data described by the CIM Schema but not required by \this document provided
these data adhere to the conventions established in Clause’s.

b R:452:ALL:NA:exchange4

From the standpoint of the model import used by.@ data recipient, the document
describes a subset of the CIM that importing software shall be able to interpret in ofder
to import exported models. Data providers are frée to exceed the minimum requirements
described herein as long as their resulting data files are compliant with the CIM Schéma
and the conventions established in Clauseé 5. The document, therefore, descr|bes
additional classes and class data that, “although not required, exporters will, ir] all
likelihood, choose to include in their data files. The additional classes and data|are
labelled as required (cardinality 1..1)er as optional (cardinality 0..1) to distinguish them
from their required counterparts. Please note, however, that data importers could
potentially receive data containing'instances of any and all classes described by the CIM
Schema.

p  R:452:ALL:NA:cardinality,

The cardinality defined:in the CIM model shall be followed, unless a more restrigtive
cardinality is explicitly defined in this document. For instance, the cardinality on|the
association between VoltagelLevel and BaseVoltage indicates that a VoltageLevel ghall
be associated-with one and only one BaseVoltage, but a BaseVoltage can be associated
with zero to'many VoltagelLevels.

b R:452:AkL:NA:associations

AssaCiations between classes referenced in this document and classes not referenced
heresare not required regardless of cardinality.

p LC452:ALL:NA:minMaxValues

Maximum values shall always be greater than or equal to minimum values 1T not specified
otherwise explicitly.

e R:452:ALL:IdentifiedObject.name:rule

The attribute "name" inherited by many classes from the abstract class IdentifiedObject
is not required to be unique. It must be a human readable identifier without additional
embedded information that would need to be parsed. The attribute is used for purposes
such as User Interface and data exchange debugging. The MRID defined in the data
exchange format is the only unique and persistent identifier used for this data exchange.
The attribute IdentifiedObject.name is, however, always required for CoreEquipment
profile and Short Circuit profile.

e (C:452:AlLL:ldentifiedObject.name:stringLength
The string lIdentifiedObject.name has a maximum of 128 characters.
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R:452:ALL:ldentifiedObject.description:rule

The attribute "description" inherited by many classes from the abstract class
IdentifiedObject must contain human readable text without additional embedded
information that would need to be parsed.

R:452:ALL:NA:uniqueldentifier

All IdentifiedObject-s shall have a persistent and globally unique identifier (Master
Resource Identifier — mRID).

R:452:ALL:ConductingEquipment:connectivity

The number of associated Terminals is specified in IEC 61970-301:2020, 4.8.2 "Nu
of terminals for ConductingEquipment objects." The associated Terminal(s).are|not
require to have associations to ConnectivityNodes, for instance a ShuntCompensptor
whose Terminal is not associated to a ConnectivityNode.

R:452:ALL:NA:classes

Instance data to be exchanged must make use of the most detailed €lass possible within
a profile, i.e. using sub-typed classes rather than general classes [e.g.
NuclearGeneratingUnit instead of GeneratingUnit.

R:452:ALL:NA:ground

There shall not be any ground voltage level. The ConnectivityNode connected to|the
Ground instance belongs to the same containment instance as the grounding deyice.
This means that the Ground instances are contaiped in the same voltage level where
other switching devices are contained with a non-zero BaseVoltage.

R:452:ALL:NA:unitMultiplier

For exchange of attributes defined using «€IM Data Types (ActivePower, Susceptance,
etc.) a unit multiplier of 1 is used if the UnitMultiplier specified in this document is "nohe".

C:452:ALL:NA:float

An attribute that is defined as fleat (e.g. has a type Float or a type which is a Datatype
with .value attribute of type Eloat) shall support ISO/IEC 60559:2020 for floating-point
arithmetic using single precision floating point. A single precision float suppor{s 7
significant digits where the significant digits are described as an integer, or a dec|mal
number with 6 decimal\digits. Two float values are equal when the significant with 7
digits are identical\ e.g. 1234567 is equal 1.234567E6 and so are 1.2345678 |and
1.234567EO.

C:452:EQ:ACLineSegment.BaseVoltage:calculations

All implementations shall use association to a BaseVoltage for the purpose of any|per
unit calculations and shall not rely on the voltages (neither nominal nor actual values
obtajned by previous or current solution) at the nodes, which the ACLineSegment
connects to.

C452:EQ:ACLineSegment.BaseVoltage:calculations2

for
different parts of the networks (when assembling different model authority sets) the
application needs to handle this to ensure accurate physical units.

C:452:EQ:ACLineSegment.r:valueRange
ACLineSegment.r shall be a positive value or zero.
C:452:EQ:ACLineSegment.x:valueRange

ACLineSegment.x shall be a positive value. As negative reactance values are not
allowed for ACLineSegment-s it is recommended to model series compensators
explicitly.
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e C:452:EQ:AsynchronousMachine:aggregate

If one AsynchronousMachine is associated with one GeneratingUnit the flag
Equipment.aggregate shall be consistent in case it is provided at both
AsynchronousMachine and GeneratingUnit.

e (C:452:EQ:AsynchronousMachine.ratedS:dynamicSimulation

RotatingMachine.ratedS is required in case of data exchange to support dynamic
simulations.

e C:452:EQ:ConductingEquipment.BaseVoltage:whereRequired

The (‘nndur‘tinqunipmpnf Rns‘p\/nlfngp assaciation is rpquirpd for the folloy ing
ConductingEquipment: ACLineSegment, EquivalentBranch and SeriesCompensatori

For all other Equipment-s, not contained in a VoltageLevel, the assocCiation
ConductingEquipment.BaseVoltage can be provided (as it is optional), however|the
association to BaseVoltage coming from the container or transformér,'énds tgkes
precedence.

p C:452:EQ:ConnectivityNode:containment

The association ConnectivityNode.ConnectivityNodeContainer,is yequired however| the
type of EquipmentContainer the association shall point to is not specified. Therefore| the
association ConnectivityNode.ConnectivityNodeContainer.shall point to any type¢ of
EquipmentContainer given by the connecting equipment«(that is linked to the associated
Terminal). Machine based validation is not performed. -t is required that import [and
export shall not make any changes to this association:

p  C:452:EQ:CurveData.Curve:equationY1

If CurveData.Curve is a ReactiveCapabilityCurve, each CurveData shall satisfy|the
following relation:

— CurveData.xvalue?2+CurveData.y1value?2 shall be less than or equal| to
RotatingMachine.ratedS*2

p C:452:EQ:CurveData.Curve:equationY2

If CurveData.Curve is a ReactiveCapabilityCurve, each CurveData shall satisfy|the
following relation:

— CurveData.xvalue®2+CurveData.y2value®2 shall be less than or equal| to
RotatingMachine-ratedS*2.

p  C:452:EQ:CurveData.Curve:reactive

If CurveDatacCurve is a ReactiveCapabilityCurve, the CurveData.y2value shalll be
greater than or'equal to CurveData.y1value.lt is not allowed that all CurveData.y2value
values arerequal to CurveData.y1value values.

b C:452:EQ:CurveData.Curve:reactiveCountP

For:a SynchronousMachine with a ReactiveCapabilityCurve the number of CurveData
instances depends on the attribute SynchronousMachine.type as follows:

condancar rancntivn ~anaobhilifyg Linaite e~ Al Iy, © h achina oy and
UUIIUVII\JVI, reauaoviTrve \JUHUUIIIL‘Y Tt aUre UIV\.’II Uy V‘yIIUIII\JII\JU\JIV CUAVUTTITTIOGL.TTTUAX
SynchronousMachine.minQ. There shall not be any association to
ReactiveCapabilityCurve.

— generator or generatorOrCondenser, at least two CurveData instances with
CurveData.xvalue greater than or equal to 0.

— motor or motorOrCondenser, at Ileast two CurveData instances with
CurveData.xvalue less than or equal to 0.

— generatorOrMotor or generatorOrCondenserOrMotor, at least three CurveData
instances with at least one having CurveData.xvalue greater than or equal to 0 and
one having CurveData.xvalue less than or equal to 0.
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It is required that the points defining a ReactiveCapabilityCurve include at least two
different values of xvalue (active power) and that the values of y1value and y2value
(reactive minimum and maximum respectively) can not be equal except at the minimum
and maximum values of xvalue.

C:452:EQ:CurveData.Curve:VsCapabilityCurve

If CurveData.Curve is a VsCapabilityCurve, the CurveData.y2value shall be greater than
CurveData.y1value.

C:452:EQ:CurveData.Curve:VsCapabilityCurveCount

If CurveData.Curve is a VsCapabilityCurve at least two CurveData shall be associated.

C:452:EQ:CurveData.xvalue:value

If CurveData.Curve is a ReactiveCapabilityCurve, the GeneratingUnit.minOpéeratingP
shall be equal of the minimum of the CurveData.xvalue among all points defined for| the
ReactveCapabilityCurve. The GeneratingUnit.maxOperatingP shall be{equal of|the
maximum of the CurveData.xvalue among all points defined for |the
ReactveCapabilityCurve.

C:452:EQ:DayType.name:validValues

For DayType the name attribute indicates the days of the week that a given DayT|ype
represents. The name attribute is restricted to the following mames: Monday, Tuesday,
Wednesday, Thursday, Friday, Saturday, Sunday, Weekday, Weekend, All. If the name
attribute is All, it represents all seven days of the week{Ifthe name attribute is Weekday,
it represents Monday through Friday. If the name<attribute is Weekend, it represé¢nts
Saturday and Sunday.

C:452:EQ:DCGround:instance

At least one DCGround shall be defined far each DC circuit.
C:452:EQ:DCLineSegment.resistance:valieRange

The attribute DCLineSegment.resistance shall be a positive value.
C:452:EQ:AuxilaryEquipment:containment

For AuxilaryEquipment (CurrentTransformer, PotentialTransformer, PostLineSensor,
SurgeArrester, WaveTrap, Faultindicator) the associgtion
Equipment.EquipmentCentainer is required and shall point to EquipmentContaindr of
type Bay or Line.

C:452:EQ:EnergyConnection:containment

For EnergyConnection (EnergySource, EnergyConsumer, NonConformL¢ad,
ConformLoad; LinearShuntCompensator, NonlinearShuntCompensator,
ExternalNetworklnjection, StaticVarCompensator, SynchronousMachiine,
AsynchrenousMachine) the association Equipment.EquipmentContainer is required [and
shall\point to EquipmentContainer of type VoltageLevel.

C:452:EQ:ProtectedSwitch:containment
For ProtectedSwitch (Breaker, DisconnectingCircuitBreaker, LoadBreakSwitch) | the

association Equipment.EquipmentContainer is required and shall point to
EquipmentContainer of type Bay, VoltagelLevel or DCConverterUnit.

C:452:EQ:Ground:containment

For Ground the association Equipment.EquipmentContainer is required and shall point
to EquipmentContainer of type Bay or VoltagelLevel.

C:452:EQ:EarthFaultCompensator:containment

For EarthFaultCompensator (Groundinglmpedance, PetersenCoil) the association
Equipment.EquipmentContainer is required and shall point to EquipmentContainer of
type VoltagelLevel.
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e (C:452:EQ:Conductor:containment

For Conductor (ACLineSegment) the association Equipment.EquipmentContainer is
required and shall point to EquipmentContainer of type Line.

e (C:452:EQ:SeriesCompensator:containment

For SeriesCompensator the association Equipment.EquipmentContainer is required and
shall point to EquipmentContainer of type VoltageLevel when in substation,
DCConverterUnit or Line when outside substation.

e (C:452:EQ:BusbarSection:containment

Eor BusharSection the association Fquipmpnt Fqnipmpnt(‘nntninpr is rpnlnirprl and shall
point to EquipmentContainer of type VoltageLevel or Bay (when a disconnec¢tdr is
splitting a busbar section in two).

p  C:452:EQ:Junction:containment

For Junction the association Equipment.EquipmentContainer is requiredsand shall point
to EquipmentContainer of type Line (in case they model T-junction of a Line), or
Voltagelevel or Bay (in case they model named join locations within\a Substation).

p  C:452:EQ:PowerTransformer:containment

For PowerTransfomer the association Equipment.EquipmeniContainer is required jand
shall point to EquipmentContainer of type Substation or DCConverterUnit. For the dase
of a transformer that connects two substations,  ( the terminal of one of |[the
PowerTransformerEnd-s can be connected to a ConnectivityNode defined in another
substation.

»  C:452:EQ:Disconnector:containment

For Disconnector the association Equipment.EquipmentContainer is required and ghall
point to EquipmentContainer of type Bay,.VoltagelLevel, DCConverterUnit or Line when
outside substation.

p  C:452:EQ:GroundDisconnector:containment

For GroundDisconnector the association Equipment.EquipmentContainer is requjired
and shall point to EquipmentContainer of type Bay, VoltageLevel, DCConverterUnijt or
Line when outside substatiagh.

p  C:452:EQ:Fuse:containment

For Fuse the association Equipment.EquipmentContainer is required and shall point to
EquipmentContainer of type Bay, VoltageLevel, DCConverterUnit or Line when outside
substation.

b C:452:EQ:Jumper:containment

For Jumper the association Equipment.EquipmentContainer is required and shall point
to EquipmentContainer of type Bay, VoltagelLevel, DCConverterUnit or Line when
outside substation.

p /C:452:EQ:Cut:containment

FUI Cut tilc dbanidtiUll EquiplllUlIt.EquiplllUlltCUlltdilICI ib IUL{U;IGUI c]lll—.lI b;ld“ [JUil t tO
EquipmentContainer of type Bay, VoltageLevel or DCConverterUnit or Line when outside
substation.

e (C:452:EQ:Clamp:containment

For Clamp the association Equipment.EquipmentContainer is required and shall point to
EquipmentContainer of type Bay or Line when outside substation.

e (C:452:EQ:GeneratingUnit:containment

For GeneratingUnit (SolarGeneratinglnit, NuclearGeneratingUnit,
ThermalGeneratingUnit, HydroGeneratingUnit, WindGeneratingUnit) the association
Equipment.EquipmentContainer is required and shall point to EquipmentContainer of
type Substation.
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C:452:EQ:HydroPump:containment

For HydroPump the association Equipment.EquipmentContainer is required and shall
point to EquipmentContainer of type Substation.

C:452:EQ:Equivalentinjection:containment

For Equivalentinjection the association Equipment.EquipmentContainer is required and
shall point to EquipmentContainer of type VoltagelLevel or Line.

C:452:EQ:EquivalentShunt:containment

For EquivalentShunt the association Equipment.EquipmentContainer is required and
shall pnin’r to Fqnipmpnff‘nn’rninnr of type \/nlfqgnl evel

C:452:EQ:EquivalentBranch:containment

For EquivalentBranch the association Equipment.EquipmentContainer is required jand
shall point to EquipmentContainer of type VoltagelLevel, Line or Substation.

C:452:EQ:DCSwitch:containment

For DCSwitch (DCDisconnector, DCBreaker) the associgtion
Equipment.EquipmentContainer is required and shall point to EgtipmentContaingr of
type DCConverterUnit.

C:452:EQ:DCGround:containment

For DCGround the association Equipment.EquipmentContainer is required and ghall
point to EquipmentContainer of type DCConverterUnit:

C:452:EQ:DCBusbar:containment

For DCBusbar the association Equipment.EqQuipmentContainer is required and ghall
point to EquipmentContainer of type DCConverterUnit.

C:452:EQ:DCChopper:containment

For DCChopper the association Equipment.EquipmentContainer is required and ghall
point to EquipmentContainer of typesDCConverterUnit.

C:452:EQ:DCShunt:containment

For DCShunt the associatiom\Equipment.EquipmentContainer is required and shall ploint
to EquipmentContainer of type DCConverterUnit.

C:452:EQ:DCSeriesPevice:containment

For DCSeriesDevice the association Equipment.EquipmentContainer is required [and
shall point to EgquipmentContainer of type DCConverterUnit.

C:452:EQ:DCLineSegment:containment

For DCLineSegment the association Equipment.EquipmentContainer is required [and
shall point to EquipmentContainer of type DCLine. In the case of modelling back to Qack
configuration the association shall point to EquipmentContainer of type Substation.

C:452:EQ:ACDCConverter:containment

Eor ACDCConvartar (CeConvartar \/eCaonvartar) tha aococnni tlon
ORH-EeHteH v-SoOeer)

T Ot T T LY oo ooV oTteTs e T OCT

Equipment.EquipmentContainer is required and shall point to DCEquipmentContainer of
type DCConverterUnit. In this case the association DCConverterUnit.Substation is
required.

C:452:EQ:Equipment:details

Instance data to be exchanged shall make use of the most detailed class possible based
on the level of detailed information currently available about the equipment at the time
of the exchange. The classes GeneratingUnit, Switch, and EnergyConsumer should only
be used if the information to determine the more detailed class (ThermalGeneratingUnit,
HydroGeneratingUnit, Breaker, Disconnector, etc.) is not available.
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If in the future the more detailed information becomes available, the instance data shall
be exchanged with the more specific specialisation class. The more specific
specialization class in the newer serialization shall be exchanged with the same MRID
as the more generic class exchanged previously. (Note: Rules such as this pertaining to
serialization shall be moved to a document pertaining to all IEC 61970 profiles when that
document becomes available.)

e R:452:EQ:EnergySource:instance

The EnergySource class is a simplified representation of an energy supplier without
regulation capability or the possibility of an associated ReactiveCapabilityCurve.
Consequently it should only be used when the information to determine a more detailed
class (GeneratingUnit, PhotoVoltaicUnit, etc) is not available.

b C:452:EQ:Equivaleninjection:instance

Using Equivalentinjection to model a distribution network equivalent is recommended
practice instead of using ExternalNetworkInjection-s.

p C:452:EQ:GeneratingUnit:maxOperatingP:ratedS

GeneratingUnit.maxOperatingP shall be less than or equal“"to the sum| of
RotatingMachine.ratedS for RotatingMachine-s associated to the_GeneratingUnit.

b R:452:EQ:GeneratingUnit:realPowerLimits

The net real power limits for a GeneratingUnit can be defined in three ways; 1) with| the
attributes "maxOperatingP" and "minOperatingP’s ~or 2) with the attribute
"ratedNetMaxP" or 3) with the attributes "ratedGrossMinP" and "ratedGrossMaxP" ysed
in conjunction with an associated GrossToNetActivePowerCurve.

p C:452:EQ:GeneratingUnit.minOperatingP:valdeRangePair

GeneratingUnit.maxOperatingP shall be greater than or equal to
GeneratingUnit.minOperatingP.

p  C:452:EQ:GrossToNetActivePowerCurve:values

For GrossToNetActivePowerCurveisused in transmission system data exchanges where
the x and y values will alwaysobe specified in MW, the xMultiplier and y1Multiplier
attributes do not need to be_supplied thus not included in the profile.

b C:452:EQ:HydroGeneratingUnit.energyConversionCapability:typeConsistency

If HydroGeneratingUnit.energyConversionCapability is "generator" the associated
SynchronousMachine” shall have SynchronousMachine.type set to "generator| or

"generatorOrCandenser". If HydroGeneratingUnit.energyConversionCapability | is
"pumpAndGenerator" the  associated SynchronousMachine shall Have
SynchronousMachine.type set to "motor", "generatorOrMotor" or

"generatorOrCondenserOrMotor".
b C:452:EQ:LinearShuntCompensator.gPerSection:valueRange
LinearShuntCompensator.gPerSection shall be a positive value or zero.

b C:452:EQ:NonlinearShuntCompensatorPoint.g:valueRange

NonlinearShuntCompensatorPoint.g shall be a positive value or zero.
e C:452:EQ:OperationalLimitSet:limits

OperationalLimitSet has associations with ACDCTerminal and Equipment. In case the
OperationalLimitSet is the operational limit of the AuxiliaryEquipment, then the
association end OperationalLimitSet.Equipment is also required. In the case where
OperationalLimitSet.Equipment is associated with an instance of ConductingEquipment,
OperationalLimitSet.Terminal shall be one of the ConductingEquipment’s Terminal-s.

e (C:452:EQ:PhaseTapChanger:controlModeP

The association TapChanger.TapChangerControl for PhaseTapChanger-s shall only
point to a TapChangerControl that has the following control modes for
RegulatingControl.mode: activePower or voltage.
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C:452:EQ:PowerTransformerEnd:pu

The parameters r, x, g and b are specified for each end and are not related to the overall
base voltage. These values are specified in engineering units. Any PU calculations are
internal to particular tools and are not part of the data exchange.

C:452:EQ:PowerTransformerEnd.b:valueRange

PowerTransformerEnd.b shall be negative value or zero. Negative magnetising branch
susceptance (PowerTransformerEnd.b) means inductive reactive power losses in no
load.

C:452:EQ:PowerTransformerEnd.g:valueRange

PowerTransformerEnd.g shall be positive value or zero. Positive magnetising_brgnch
conductance (PowerTransformerEnd.g) means positive active power losses incagAo@ad.

C:452:EQ:PowerTransformerEnd.x:value

Transformers with zero series reactance do not exist. PowerTransformerEnd.x of high
voltage end in case of a two winding transformer shall be a positive yalue. In case pf a
three winding transformer the PowerTransformerEnd.x shall not betzero, but it can Ibe a
negative value.

C:452:EQ:RatioTapChanger:controlMode

The association TapChanger.TapChangerControl for RatioTapChanger-s shall pnly
point to a TapChangerControl which has the, {following control modes | for
RegulatingControl.mode: voltage, reactivePower and\powerFactor.

C:452:EQ:ReactiveCapabilityCurve.CurveData:xvalue

All CurveData.xvalue for a given ReactiveCapabilityCurve shall be unique, e.g. it is| not
allowed for two or more .xvalue to have the same float value for a g|ven
ReactiveCapabilityCurve.R:452:EQ:ReactiveCapabilityCurve:styles

Two different styles of ReactiveCapabilityCurve-s can be defined forl a
SynchronousMachine. The style is défined by Curve.curveStyle attribute as shown in the
Annex E.

C:452:EQ:ReactiveCapabilityCurve:units

For a ReactiveCapabilityCurve associated with SynchronousMachine, the Curve.x|Jnit
shall be set to UnitSymbol.W and both Curve.y1Unit and Curve.y2Unit shall be sqt to
UnitSymbol.VAr. Asthe multiplier is not included in the profile it is defined the same¢ as
the multiplier used.for'datatype ActivePower and ReactivePower, i.e. UnitMultiplier.M.

C:452:EQ:RegutatingControl:RegulatingEquipment

A RegulatingGontrol that is not a TapChangerControl must have at least one regulating
equipment associated through the RegulatingCondEq.RegulatingControl. That is, a
ReguldtingControl cannot exist without some equipment using it for regulating.

C:452"EQ:RegulatingControl:point

In“cases where the controlling point is a ConnectivityNode multiple instanceg of
RegulatingControl maybe be needed for proper modelling and connectivity of the grid.

C:452:EQ:RegulatingControl:samePoint

A RegulatingControl will have associations to one or more instances of
RegulatingCondEq and an association to a Terminal. The ConnectivityNode associated
with the Terminal is the regulated point. It is common to have cases where multiple
pieces of equipment regulate ConnectivityNodes that under normal network topology are
associated with the same TopologicalNode. In this case, the same instance of
RegulatingControl should be used by all of those regulating equipment if possible. If it
is not possible, such as the case where a SynchronousMachine and a RatioTapChanger
are regulating the same point using associations to instances of RegulatingControl and
TapChangerControl, the number of instances of RegulatingControl and
TapChangerControl should be minimized. Additionally, the target and deadband values
for the same regulated point should not be contradictory.
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Profile restriction: If multiple instances of RegulatingControl control the same regulation
point, the targetValues must not be contradictory.

e (:452:EQ:RegulatingControl.targetValue:tapChanger

In cases where RequlatingControl.mode is "voltage" and both
TapChanger.controlEnabled and RequlatingControl.enabled are "true",

— The RegulatingControl.targetValue in per wunit value is calculated by
RegulatingControl.targetValue/BaseVoltage.nominalVoltage.

shall be within the regulating capability limits:

— The tap changer upper capability limit in per unit value is calculated by
1+RatioTapChanger.stepVoltagelncrement/100*(TapChanger.highStep-
TapChanger.neutralStep).

— The tap changer lower capability limit in per unit value is calculated by 1-
RatioTapChanger.stepVoltagelncrement/100*(TapChanger.neutralStep-
TapChanger.lowStep).

b C:452:EQ:ShuntCompensator:controlMode

For ShuntCompensator, the association RegulatingCondEq.ReqgulatingControl shall pnly
point to a RequlatingControl that has the following\ control modes | for
RegulatingControl.mode: voltage, reactivePower and powerFactor.

b C:452:EQ:ShuntCompensator.voltageSensitivity:valueRange
The ShuntCompensator.voltageSensitivity attribute.shall be greater than zero.
b C:452:EQ:StaticVarCompensator:controlMode

For StaticVarCompensator, the association\RegulatingCondEqg.RequlatingContrgl is
required and shall only point to a RequlatingControl that has the following control mgdes
for RegulatingControl.mode: voltage and.reactivePower.

b C:452:EQ:Switch:containment

For Switch, the association Equipment.EquipmentContainer is required and shall point
to EquipmentContainer of type.Bay, VoltageLevel or DCConverterUnit.

b C:452:EQ:SynchronousMachjne:aggregate

If only one SynchrongusMachine is associated with the GeneratingUnit then |the
Equipment.aggregate flag shall be consistent between the SynchronousMachine |and
GeneratingUnit if it exists in both.

b C:452:EQ:SynchronousMachine:controlMode

For SynchrohoUsMachine, the association RegulatingCondEq.RequlatingControl ghall
only point.to a RequlatingControl that has the following control modes | for
RegulatingControl.mode: voltage, reactivePower and powerFactor.

b C:452:EQ:SynchronousMachine:reactiveLimits

ReactiveCapabilityCurve-s are not required if the reactive power limits of |the
SynchronousMachine do not vary with real power output. SynchronousMachine.ninQ
and SynchronousMachine.maxQ are required if
SynchronousMachine.lInitialReactiveCapabilityCurve is not provided. If the association
SynchronousMachine.InitialReactiveCapabilityCurve is provided it takes precedence to
the information provided by the attributes SynchronousMachine.minQ and
SynchronousMachine.maxQ. However, if both SynchronousMachine.minQ,
SynchronousMachine.maxQ and ReactiveCapabilityCurve are present, the
SynchronousMachine.minQ shall be equal to min of CurveData.y1value-s and
SynchronousMachine.maxQ shall be equal to max CurveData.y2value-
s.C:452:EQ:SynchronousMachine:ratedS

For SynchronousMachine, the attribute RotatingMachine.ratedS is required in case of
data exchange to support dynamic simulations.
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C:452:EQ:SynchronousMachine.maxQ:valueRangePair

SynchronousMachine.maxQ shall be greater than or equal to
SynchronousMachine.minQ.

C:452:EQ:SynchronousMachine.type:condenser

The SynchronousMachine is not required to be associated with a GeneratingUnit via the
association RotatingMachine.GeneratingUnit in cases where a synchronous condenser
is being modelled as there is no capability for real power output. In this case, the
SynchronousMachine.type shall be set to "condenser". If there is no capability for real
power output, the SynchronousMachine.type-s: "motorOrCondenser"”,

"gnnnrnfnrﬁr(‘nndnncnr"’ and "gnnnrgfnrﬁrr‘nndnncnrﬂrl\/lnfnr" are-not-allowed to be

used.
C:452:EQ:Switch:connection

Switch and its subclasses shall only connect to ConnectivityNode-s that,are contained
in either the same VoltagelLevel or in different VoltageLevel-s which have the same
BaseVoltage.

C:452:EQ:TapChangerControl:remoteQcontrol

A power transformer cannot efficiently control reactive power-flow on remote Terminal-
s. Therefore, a TapChangerControl with RegulatingControl\mode which equalg to
reactivePower shall only control the reactive flow at oné of the Terminal-s (via|the
association  RegulatingControl.Terminal), which ,\is also associated with
PowerTransformerEnd-s of the PowerTransformer wheré the TapChanger is located.

C:452:EQ:Terminal:connection

Terminal-s of the two sides of a two-terminal ConductingEquipment (or any of its
subclasses) shall not be connected to the satne ConnectivityNode.

C:452:EQ-SynchronousMachine.gPercentiusage

The attribute SynchronousMachine qRercent in the EQ profile specifies a default value.
The participation of the devices regulating a particular node can be set in other profiles
such as SSH. Therefore, the dmplementations shall consider this in the load flow
calculation and normalize thelparticipation based on what devices are participating in
the regulation of a particulat node.

C:452:EQ:Switch:usage

Busbar couplers shall)be modelled explicitly if they are to be retained. The substitution
of busbar couplers with zero impedance branches shall not be permitted for exchanges.

C:452:EQ:NA:zerolmpedance
Zero impedarice lines are permitted if they represent real elements in the model.
C:452:EQ:NA:negativelmpedance

Except for series capacitors, negative branch reactance shall not represent real deviges.
Negative impedance is allowed for EquivalentBranch. Negative value limits the seleqtion
of load flow solution techniques and shall be avoided, if possible.

C:452:EQ:EnergyConsumer:constantP

If the association EnergyConsumer.LoadResponse to LoadResponseCharacteristic is
missing, this load is assumed to be constant power.

C:452:0P:NA:measurement

In the context of this profile the following classes: AccumulatorValue, AnalogValue,
DiscreteValue, StringMeasurementValue are only used to define measurements that are
available via ICCP (inter-control center communications protocol) and to define the
location of SCADA (supervisory control and data acquisition) measurements for use by
state estimator. It is not used to supply values for those measurements. Consequently,
the value attribute is not included in this profile.
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e (C:452:0P:Measurement.Terminal:requiredCases

The association Measurement.Terminal shall reference a Terminal of the Equipment
referenced by Measurement.PowerSystemResource except in cases where
Measurement.measurementType is either "TapPosition" or "SwitchPosition" in which the
association is not exchanged.

e (C:452:ALL:IdentifiedObject.description:stringLength
The string lIdentifiedObject.description is maximum 256 characters.

e (C:452:0P:Measurement.measurementType:analogValues

Eor Annlng Measurement mpaqurpmpntTypp is restricted to the fnllnwing valid values:

ThreePhasePower, ThreePhaseActivePower, ThreePhaseReactivePower, LineCurrent,
PhaseVoltage, Voltage, Angle, Frequency and TapPosition.

p C:452:0P:Measurement.measurementType:accumulatorValues

For Accumulator, Measurement.measurementType is restricted to the\following Valid
values: ApparentEnergy, ReactiveEnergy, ActiveEnergy.

b C:452:0P:Measurement.measurementType:discreteValues

For Discrete, Measurement.measurementType is restricted to the-following valid values:
SwitchPosition.

b C:452:0P:Measurement.unitSymbol:analogValues

For Analog, Measurement.unitSymbol is restricted to\thie following valid values: W, deg,
VA, A, VAr, V, Hz.

p C:452:0P:Measurement.unitSymbol:accumulatorValues

For Accumulator, Measurement.unitSymbol\s ‘restricted to the following valid values:
VAh, VArh, Wh.

p C:452:0P:Measurement.unitSymbol:discreteValues
For Discrete, Measurement.unitSymbol is restricted to the following valid values: ndgne.
b C:452:0P:MeasurementValueS@urce:name

For MeasurementValueSource, attribute IdentifiedObject.name is restricted to |the
following strings for MeasurementValueSource: ICCP, SCADA.

p C:452:EQ:RegularTimePoint:values

RegularTimePoint * is associated with types of schedules (ConformLoadSchedule,
NonConformLoadSchedule) where value1 will always be specified in MW and value2 will
always be specified in MVAr. In these cases, the value1Multiplier and value2Multiplier
attributes ,of-BasiclntervalSchedule do not need to be specified thus not included in| the
profile.

b C:452:EQ:RegulationSchedule:values

By,convention, for RegulationSchedule the attribute "value1" represents the tafget
ion. For instance, a value1 of 100 and value2
—if-the—thits—are—set-tok¥—tr-this

e (C:452:SC:BusbarSection.ipMax:optional

The attribute BusbarSection.ipMax is an optional attribute even if short circuit data is
exchanged, as not always entered by the user (e.g. the IEC TR 60909-4 example test
model described in Subclause 6.2 of IEC TR 60909-4:2021 does not include these
values).

e (C:452:SC:PowerTransformerEnd.grounded:grounding

If  TransformerEnd.grounded is true, then TransformerEnd.rground and
TransformerEnd.xground are required.
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e (C:452:SC:SeriesCompensator.varistorRatedCurrent:required

The SeriesCompensator.varistorRatedCurrent is required
SeriesCompensator.varistorPresent is true.

e (C:452:SC:SeriesCompensator.varistorVoltageThreshold:required

The SeriesCompensator.varistorVoltageThreshold is required
SeriesCompensator.varistorPresent is true.

e (:452:SC:SynchronousMachine.earthing:attributes

if

If SynchronousMachine.earthing is true, then SynchronousMachine.earthingStarPointR

and Qym‘hrnnmml\/lnr‘him:\ pnrfhintharPninf)( are rpnlllirpd

Transformer modelling

A two winding PowerTransformer has two PowerTransformerEnds. This gives, the “optio

spe

Cify the impedance values for the equivalent pi-model completely at one end_ or split t

between the two ends. The impedances shall be specified at the primary voltage side as sh
in Fjgure 1 where the left side is the "primary" (high voltage) voltage side.
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—+—0)
| I |

u gtib
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Figure 1 — Two winding transformer impedance

A three winding PowerTransformer has_three PowerTransformerEnds. The equivalent pi-m

corr

valyes for a three winding transformer are specified on each of the three TransformerWindi

Eac

for secondary and t for tertiary(as shown in Figure 2.
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rstjxs
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Primary Tertiary

n to
nem
own

bdel

esponds to three ends connected\in wye configuration as shown below. The impeddnce

hgs.

h of the ends has series impedances rn+jxn and shunt gn+jbn where n is: p for primany, s

IEC
Figure 2 — Three winding transformer impedance

itional requirements related to transformer modelling are listed below.

Each PowerTransformer shall have at least two and no more than three

PowerTransformerEnds.
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e Each PowerTransformerEnd can have at most one tap changer (RatioTapChanger,
PhaseTapChangerLinear, PhaseTapChangerSymmetrical, or
PhaseTapChangerAsymmetrical). If a PowerTransformerEnd does not have an associated
tap changer, the end should be considered to have a fixed tap.

Multiple types of regulating transformers are supported by the CIM model. Depending on the
regulation capabilities, the effects of tap movement will be defined using the RatioTapChanger
class, PhaseTapChangerLinear  class, PhaseTapChangerSymmetrical class, or
PhaseTapChangerAsymmetrical class. Each of these classes are subtypes of the TapChanger
class. The use of the various subtypes is explained in IEC 61970-301.

4.5| Modelling authorities

From the use cases for model exchange detailed in Annex A, it is clear that mostsituations
invglve multiple entities that shall cooperate. In these situations, it is very importantjte’establish
whi¢h entity has the authority for modelling each region or set of data objects. Fopthis purgose
we pse the concepts of ModelingAuthority and ModelingAuthoritySet. ModelingAuthority [and
ModelingAuthoritySet are not defined as classes in the normative portion\of the CIM. When
multiple modelling entities are involved, each modelled object “is assigned to a
ModelingAuthoritySet. A ModelingAuthority can be responsible™ for one or more
ModelingAuthoritySets. A more detailed description of the usg“-ModelingAuthorities [and
ModelingAuthoritySets can be found in Annex B. Wheny using the concept| of
ModelingAuthoritySets, a single file shall contain only data ,objects associated with a single
ModelingAuthoritySet.

4.6 Use of measurement classes
4.6/ General

Use| of the CIM Measurement classes (Analeg, Accumulator, and Discrete) is frequgntly
misyinderstood and has changed over time Previously in addition to the use representing pqgints
in the system where telemetry is available, the classes had been used to associate Limits with
a piece of Equipment and to define regulated points. Measurements are now only used to ddfine
whdre telemetry is available and to facilitate exchange of ICCP data.

A Measurement shall be asspciated with a PowerSystemResource to convey containment
infofmation for the Measurement. Transmission line measurements should be associated with
an ACLineSegment, not with’a Line. Transformer measurements should be associated with a
PowerTransformer, notiwith a Transformer Winding. Voltage measurements should| be
associated with a piece of equipment, not with a VoltageLevel. A TapPosition measurement
shal|l be associated with a tap changer (RatioTapChanger, PhaseTapChangerLingar,
PhaseTapChangerSymmetrical or PhaseTapChangerAsymmetrical). A  SwitchPosjtion
megsurement(shall be associated with a Switch or a subtype of Switch.

The|Measurement may also be associated with one of the Terminals associated with the plece
of equipment. For measurements representing actual telemetered points, it is especjally

afinac tho

impertanrt-thatthe-asseciationte-aTerminal-defiresthespecifictepotogicalpointinthenretwork
that is measured. A Measurement can be associated with at most one Terminal. Each flow
measurement (active power, reactive power, or current) shall be associated with a terminal.
This association is particularly important for State Estimation. The measurement shall be
associated with the correct terminal of the piece of conducting equipment that is being
measured (SynchronousMachine, EnergyConsumer, ACLineSegment, PowerTransformer,
etc.). Associating the measurement with a terminal of the wrong equipment or the terminal on
the wrong end of the correct piece of equipment will cause problems for State Estimation. Only
two types of measurement, TapPosition and SwitchPosition, do not require an association to a
Terminal.

Three subtypes of Measurement are included in this profile, Analog, Accumulator, and Discrete.
To describe what is being measured, the attribute Measurement.measurementType is used, but
only particular measurementTypes are valid for each of the subtypes of Measurement. The valid
associations are defined in Table 436.
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4.6.2 ICCP data exchange

Refer to IEC 61970-301 for rules regarding ICCP data.

4.7 Voltage or active power regulation

To use CIM to define how a piece of equipment regulates a point in the system, an association
is defined between the regulating conducting equipment (SynchronousMachine,
LinearShuntCompensator, NonLinearShuntCompensator, StaticVarCompensator,
RatioTapChanger, PhaseTapChangerLinear, PhaseTapChangerSymmetrical,
PhaseTapChangerAsymmetrical, PhaseTapChangerTabular or ExternalNetworklnjection) and
an |instance of RegulatingControl or TapChangerControl. The RegulatingControl|[ or
TaplChangerControl shall be associated with a Terminal. The control for a piece of reguldting
equ|pment can refer to a Terminal associated with another PowerSystemRespurce. [For
instance, for voltage regulation purposes the control for a SynchronousMachine could refer to
a Terminal associated with a BusbarSection. The specified Terminal shall be associated with
the connectivity node that is the controlled point.. The association between RegulatingControl
or TlapChangerControl and Terminal is required to define regulation of voltage’or active poyer.

For|a piece of equipment that is not regulating, the association to”RegulatingControl or
TapChangerControl is not required.

4.8 Use of curves
4.8.1 General

The|use of the Curve and CurveData attributes will differ for the different types of curves derjved
fronlleCurve (GrossToNetActivePowerCurve, ReagtiveCapabilityCurve and VsCapabilityCurve).
Annex E summarizes the use of of ReactiveCapabilityCurve styles.Data requirements |are
described below for the case of a generating' unit where the reactive power limits of|the
gengrating unit do not vary with the real pewer output.

4.8.p Generating unit reactive power limits

Gerlerating unit reactive power limits shall be included in data exchange, but may be specified
differently depending on the characteristics of the generating unit being represented. In most
case¢s, a SynchronousMachine should be associated with a default ReactiveCapabilityClirve
using the SynchronousMachine.InitialReactiveCapabilityCurve association.

If the reactive power.limits of the generating unit do not vary with the real power output,| the
reagtive power limitattributes on the SynchronousMachine class, minQ and maxQ, can be used.
If the reactive pawer output of the generating unit is fixed, the reactive power limits should both
be get to thefixed reactive output value.

4.9 Definition of schedules

The Use of the RegularintervalSchedule and RegularimePoint attributes will differ for the
different types of schedules derived from RegularintervalSchedule. To specify a relative time
for a schedule, the date portion of the dateTime format can be eliminated, which leaves the
ISO 8601 time of day format "hh:mm:ss". In this format, hh is the number of complete hours
that have passed since midnight, mm is the number of complete minutes since the start of the
hour, and ss is the number of complete seconds since the start of the minute.

The earliest allowed time used in a schedule (BasiclntervalSchedule.startTime) is "00:00:00".
The latest allowed time used in a schedule (RegularintervalSchedule.endTime) is "24:00:00".
The point in time specified by the endTime is not included in the period of the schedule.

A schedule defining a day shall be defined with multiple RegularTimePoints associated with the
same RegularintervalSchedule. It shall not be defined with multiple schedules.
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For schedules that are associated with Season and DayType, the associations to Season and
DayType are not required. If a schedule does not have an associated Season, the schedule will
be considered valid for all Seasons. Similarly, if a schedule does not have an association to a
DayType, the schedule will be considered to apply to all days of the week.

When  SeasonDayTypeSchedules are defined for a given entity, such as
ConformLoadSchedules for a given ConformLoadGroup, only one schedule can be defined for
a given combination of Season and DayType.

5 Detailed profile specification

5.1 General

Thig clause lists the profiles that will be used for data exchange and the classes, atfributes, [and
associations that are a part of each profile. Included are all the classes that atdata consufmer
would be expected to recognize in the data being consumed. Additional classes are refererced
in this chapter, when the classes to be exchanged inherit attributes_of associations. |For
instance, many classes inherit attributes from the class lIdentifiedObject-kHowever, no instarjces
of the class IdentifiedObject would exist in the data exchanged, soldentifiedObject has| not
beep included in the set of CIM classes for exchange.

The| CoreEquipment profile primarily defines the existence of equipment in the network model
and|specifies the physical characteristics of the network mod€&l equipment such as impedgnce
and|connectivity. The Operation profile specifies data pertaining to how the system is operated
such as limits and voltage regulation. The ShortCirclit profile specifies additional electfical
characteristics necessary to execute Short Circuit studies. The Operation and Short Circuit
profiles reference data defined in the CoreEquipment profile. A particular data exchange may
or may not include all of these profiles. Data validation, such as cardinality of attributes [and
associations, only applies to the profiles specified for the exchange.

5.2| Core Equipment Profile
5.2 General

Thig is the IEC 61970-452 core equipment profile.
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class Main
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class ACDCConverter /
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ConductingEquipment
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Figure 4: This diagram shows the classes used to model DC converters.
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class ACDCTerminal /
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ACDCTerminal Terminal
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Y

IEC
Figure 5 — Class diagram CoreEquipmentProfile::ACDCTerminal

Figure 5: The diagram shows the ACDCTerminakand related classes.
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class ACDCConnectivityModel/

IdentifiedObject|
OperationalLimitSet

+OperationalLimitSet | 0..”

+Terminal \|/1
Conducti. Efq['”pme,:[ +Terminals Terminal IdentifiedObject|
onductingEquipmen . i
i - = _phases: PhacaCada 0 1] [":: Dy
+ConductingEquipment + sequenceNumber: Integer

+Terminals 0..%

=
+Terminal 1.%
—Connectivi(yNodeo 1
- +BusNameMarkeg
\l 071
PowerSystemResource +ConnectivityNodes IdentifiedObject| <
ConnectivityNodeContainer E d. oy TreaOnesl
onnectivi ode
1 0..* O DCBaseTerminal BusNameMarker

+ConnectivityNodeContainer

+DCTerminals A 4 \prjérity: Integer [0..1]

EquipmentContainer

T

\ +
A DCNode / DCTertnihal
+DCNodes| /dentifiedObjec )
quip = o0 DCNode +DCTFerpiinals 0..
+DCEquipmentContainer +DCConducsigigEquipment |1

Equipment
DCConductingEquipment

+ ratedUdc: Voltage

IEC
Figure 6 — Class diagram CoreEquipmentProfile::ACDCConnectivityModel

Figure 6: This diagram shows the connectivity and topology model for both AC and|DC
networks.
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class AuxiliaryEquipment/

PowerSystemResource|
Equipment

aggregate: Boolean [0..1]
normallyInService: Boolean [0..1]

ConductingEquipment

+ConductingEquipment

+Terminals 0..*

ACDCTerminal

Terminal

phases: PhaseCode [0..1]

Auxiliai uipment
=AUXI ar nt ~
-7 +Terminal !

Sensor
A\ S d

Y /\ A

l Curren[Transrormer ] —‘V

PotentialTransformer ]

SurgeArrester [ WaveTrap

Faultindicator

Figy

Figure 7 — Class diagram CoreEquipmentProfile::AuxiliaryEquipment

re 7: The diagram shows main classes_réfated to auxiliary equipment.
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class Containment /

PowerSystemResource|
ConnectivityNodeContainer

+ConnectivityNodeContainer

—Cunne("wWNndeso / ’ EquipmentContainer
e /I\o..l Substation
ConnectivityNode +EquipmentContainer

+Substation

+ConnectivityNode

+VoltageLevels | 0.

VoltageLevel

+Equipments | 0.

PawelSys!emResnul{%

+VoltageLevel /\1

~Terminals | 0.*

ACDCTerminal|
Terminal

+Terminals ~ 0..%.

+ConductingEquipment

Ground

PowerTransformer

N
S \$®

I PetersenCoil I

I Groundingimpedance

’ SeriesCompensator ] K

Protectedswitch }<l—{

Breaker

)

-
l LoadBreakSwitch |

EnergyConsumer

|
. ’—‘ﬁ
. StaticVarCompensator “
N, |
i |
LinearShuntCompensator "““"@" R
. @)

AsynchronousMachine

’ Connector ’ ACLineSegment
/ DisconnectingCircuitBreaker
BusbarSection ] l Junction

%OFigure 8 — Class diagram CoreEquipmentProfile::Containment

Figu r‘é@ The diagram shows the main classes related to containment.
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class ControlArea /

IdentifiedObject| ACDCTerminal|
TieFlow +TieFlow ! Terminal
+ positiveFlowln: Boolean 0..2 ) + phases: PhaseCode [0..1]
+Terminal
+TieFlow | 0..%
+ControlArea 1
PowerSystemResource Ident, iﬁE’dOb[Eéf
ControlArea +ControlArea +EnergyArea EnergyAréa) >

type: ControlAreaTypeKind

0..1

+ControlArea <> 1

+ControlAreaGeneratingUnit 0..%

IdentifiedObject|
ControlAreaGeneratingUnit

+Ce

+~ControlAreaGeneratingUnit

neratingUnit

«enumeration»
ControlAreaTypeKind

s

AGC
Forecast
Interchange

&?&fmpmem

G ingUni
enerating r;@

Figy
ass
profile.

Figuré 9'- Class diagram CoreEquipmentProfile::ControlArea

re 9: This diagram shows control area specification and some related classes. The TieR
pciation A40{ Terminal connects the model to the Measurement classes in the Opera
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class CutsAndjJumpers /

Equipment

ConductingEquipment
Clamp

+ lengthFromTerminall: Length [0..1]

A +Clamp | 0..*

Conductor

+ length: Length [0..1

‘ Switch Q(l/'\
+ normalOpen: Boolean ,(1/
+ ratedCurrent: CurrentFlow [0..1] (l/’
+ retained: Boolean b‘%

A\ A —ACLineS%@’

29
A(.‘,@}egment
+ACLineSegment N bc::SuscdeSGme ol
—{ + gch: ctance [0..
umper + Reactance
&
%
<
‘ \\
‘ + lengthFromTerminall: Length [0..1] ‘ s\\)

QQ@

$ N IEC
.\@

Figure 10 — Class diq@m CoreEquipmentProfile::CutsAndJumpers

Figure 10: The diagram sh%@lasses related to cuts and jumpers.
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class DCContainment /

PowerSystemResource IdentifiedObject|
ConnectivityNodeContainer | ~C0nnectivityNodeContainer ~ConnectivityNodes | connectivityNode
1 0.7
EquipmentContainer Substation

(
|

— VR
0.1 \& +Substation 1 QA
+EquipmentContainer 7 .
=Sdbstation
+Voltagelevels ,0..%
i /
+Equipments | 0..* Voltagelev@
PowerSystemResource \ it high\f’oltageyw‘woltage [0..1]
L + lowVoltaggtymk: Voltage [0..1]
Equipment \ X
N LA
+ aggregate: Boolean [0..1] \\ +Voltadgtevel /|\1
+ normallylnService: Boolean [0..1] \
ﬁ \
\ +Bays | O

! . AN
DCConductingEquipment ConductingEquipment \ -l
+ ratedUdc: Voltage \

\ L
7 ra ‘\‘ \
N
/
/ DCEquipmentContainer
/ \
ACDCConverter $ v b
o |

\

¥ \
+ baseS: ApparentPower [0..1] A\U DCLine \"‘-, +DCConverterUnit
+ idleLoss: ActivePower [0..1] \ |0

+ maxP: ActivePower [0..1] \

+ maxUdc: Voltage [0..1] N l DCConverterUnit

+ minP: ActivePower [0..1]

+  minudc: Voltage [0..1 \\ + operationMode: DCConverterOperatingModeKind
+ numberOfvalves: Intel 0..1]

+ ratedudc: Voltage [0.,1]
+ resistiveLoss Rg&[‘?s(ance [0..1]

+ switchingl6s¥ WctivePowerPerCurrentFlow [0..1] «enumeration»
+ valveUQrVagiedge [0..1] DCConverterOperatingModeKind
~
bipolar

monopolarMetallicReturn
monopolarGroundReturn

IEC

Figure 11 — Class diagram CoreEquipmentProfile::DCContainment

Figure 11: The diagram shows the DC containment model.
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class DCLineModel
ConnectivityNodeContainer| PowerSystemResource — i
= i ~Equi i DCConductin, uipment
EquipmentContainer EquipmentContainer Equipment gEquip,
0.1 . + ratedUdc: Voltage
- 0..*| + aggregate: Boolean [0..1]
. +Equipments | + normallylnService: Boolean [0..1]
/\
£\ =
LA - / 1
+DCConductingEquipment T
- . — +DCTerminals l
DCEquipmentContainer DCEaseTerm B~
0.2 DCLineSegment
DCTerminal -
= e
8 1
+ inductance: Inductance )
+ length: Length [0..1] (L
+ resistance: Resistance Q
—
IdentifiedObject
DCline ~DClines +Region| gypGeographicalRegion
0..* 0..1
IEC
Figure 12 — Class diagram CoreEquipmentProfile;:DCLineModel
Figyre 12: The diagram shows the DC line model.
class DCEqulpmem/
I e ~DCConductingEquipment i ) _*D.C“"‘f"ﬂ's DCTerminal e
DCConductingEquipment | | 0. S — >
~ ratedudc: Voltage . DCChy : |
T e Pl
ACDCConvegter, Idelmf;edobje(t
+ bases: ApparentPower [0..TN_® ACDCTerminal
+ idleLoss: ActivePoweg [& 1] 1 sequenceNumber: Integer
maxP: ActivePowerdQ \T} " \
+  maxudc: VojtagT, 1T ~Conduc
+  minP: ActivePoyeid..1]
‘ +  minUdc: \ol%oMo..1] ~ConverterDCSides ~Terminals
‘ DCGround +  numberOfvalVks: Integer [0..1] o
+  rateg0dy Voltage [0..1] N ~— +PecTerminal 0-
| |+ inductance: Inductance [0..1] + ré§jstmeloss: Resistance [0..1]
‘ + r Resistance [0..1] +¢ swittingLoss: ActivePowerPerCurrentFlow [0..1] Terminal
Nt Volage 1011 = + phases: PhaseCode [0..1]
\ ] % T
/ +DCConductingEquipment
DCShunt 'gs .
'sConverter .
| c +
cwpuciasics: GRS T g ] \ Scremials |
+ _ma§gmma: AngleDegrees [0..1] AN ACDCConverterDCTerminal
= Qradd® currentFlow [0..1] 0..
| =N\ WpAlpha: AngleDegrees [0..1] ‘ VeCom't +  polarity: DCRolariteliad
DCLineSegment + JminGamma: AngleDegrees [0..1] + maxModulationindex: Float [0..1]
= minidc: CurrentFlow [0..1]
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+ inductance: Inductance +VsConverterDCSides 0..
+ length: Length [0..1]
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‘ +CapabilityCurve |0..1
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x
-ndu<mwNmnce
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IEC

Figure 13 — Class diagram CoreEquipmentProfile::DCEquipment

Figure 13: The diagram shows the DC equipment model.
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class Equivalents /

ConnectivityNodeContainer
EquivalentNetwork

No..1

+EquivalentNetwork

Equipment|
ConductingEquipment|

A

Equivalentinjection

maxP: ActivePower [0..1]
maxQ: ReactivePower [0..1]
minP: ActivePower [0..1]
minQ: ReactivePower [0..1]
regulationCapability: Boolean

0..%

+Equivalentinjection

+EquivalentEquipments 0..%

EquivalentEquipment

VTR A

O\ EquivalentBranch

EquivalentShun

r: Resistance

r21: Resistance [0..1]
+ x: Reactance
x21: Reactance [0..1]

-
+ b Susceptanct‘a‘Q&)

+ g Conductagc

y
<SS

+ReactiveCapabilityCurve
0..1
Curve
ReactiveCapabilityCurve
ExternalNetworkinjection
SR + governorSCD: ActivePowerPerFrequency
RegufatingCondEq || | . maxp: ActivePower
+ maxQ: ReactivePower
+ minP: ActivePower

+ minQ: ReactivePower

Figy

Figure 14 — Class diagram CoreEquipmentProfile::Equivalents

reA4: The diagram shows classes related to equivalents.
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IldentifiedObject| ~SubLoadArea 1. IdentifiedObject|
SublLoadArea
EnergyArea <]7 LoadGroup

1 +LoadCroups

A 1.

+SubloadAreas
sloadArea NonConformLoadGroup
LoadArea
4\ ] ConformLoadGroup
+LoadGroup +LoadGroup .

+EnergyConsumers +~EnergyConsumers

1.%

ConformLoad

NonConformLoad

o
Ener%:}lwecnon
EnergyConsw

\|v

StationSupply [\;

0..%
+EnergyCgn§umer

+koadRBesponse 0.1

IdentifiedObject|
LoadResponseCharacteristic

v exponentModel: Boolean

+ pConstantCurrent: Float [0..1]

+ pConstantimpedance: Float [0..1]
+ pConstantPower: Float [0..1]

+ pFrequencyExponent: Float [0..1]
+ pVoltageExponent: Float [0..1]

+ gConstantCurrent: Float [0..1]

+ gConstantimpedance: Float [0..1]
+ (gConstantPower: Float [0..1]

+ (gFrequencyExponent: Float [0..1]
+ qgVoltageExponent: Float [0..1]

Figy

Figure 15 — Class diagram CoreEquipmentProfile::LoadModel

re 155 The diagram shows classes related to the load model.
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class PowerElectronics /

EnergyConnection|
RegulatingCondEq

PowerElectronicsConnection

+PowerElectronicsUnit

Powe e|

Equipment

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

PowerElectronicsUnit

+ maxQ: ReactivePower [0..1] |1
+ minQ: ReactivePower [0..1]
+ ratedS: ApparentPower [0..1]
+ ratedU: Voltage [0..1]

+PowerElectronicsConnection 1

maxP: ActivePower [0..1]
minP: ActivePower [0..1]

GeneratingUnit

+ genControlSource: GeneratorControlSource [0..1]
+ governorSCD: PerCent [0..1]
+ longPF: Float [0..1]

+ maximum, Ac
+ maxOperatingP: ActivePower

+ minOperatingP: ActivePower

+ nominalP: ActivePower [0..1]

+ ratedGrossMaxP: ActivePower [0..1]
+ ratedGrossMinP: ActivePower [0..1]
+ ratedNetMaxP: ActivePower [0..1]

+ shortPF: Float [0..1]

+ startupCost: Money [0..1]

+ startupTime: Seconds [0..1]

+ totalefficiency: PerCent [0..1]

[0..11

Cucey TroTEy o

PowerElectronicsWindUnit PhotoViolts 1

+  ratedE: RealEnergy

BatteryUnit

‘ labl

offAGC
onAGC
plantControl

N

Figure 16 — Class diagram CoreEquipmentProfile::PowerElectronics

Figure 16: This diagram shows power electronics classes and inheritance.
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Figure 17: Theydiagram shows the power plant model.

Figure 17 — Class diagram CoreEquipmentProfile::PowerPlant
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ss Production /

IdentifiedObjeci
EnergySchedulingType

EnergyConnection

RegulatingCondEq

+EnergySchedulingType

ConductingEquipment|

+EnergySource
EnergySource RotatingMachine
SynchronousMachine
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\
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+ minOperatingP: ActivePower 0.7 q

+ nominalP: ActivePower [0..1]

+ ratedGrossMaxP: ActivePower [0..1]
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+ ratedNetMaxP: ActivePower [0..1]
+  shortPF: Float [0..1]

+ startupCost: Money [0..1]
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\ ﬂ 0.1
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o
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Figure 18 — Class diagram CoreEquipmentProfile::Production

Figure 18: The diagram shows production related classes.
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PoworsystomRosource

o
3 Contormtoadcroup |~

IEC
Figure 19 — Class diagram CoreEquipmentProfile::Schedules

Figure 19: The diagram shows main classes related to schedules.
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class ShuntCompensator /

ShuntCompensator

RegulatingCondEg

+ nomU: Voltage

+ aVRDelay: Seconds [0..1]
+ grounded: Boolean [0..1]
+ maximumSections: Integer

M o
+ TTOTTNai LU

- IEyger
+ voltageSensitivity: VoltagePerReactivePower [0..1]

LinearShuntCompensator

+ bPerSection: Susceptance
+ gPerSection: Conductance

+NonlinearShuntCompensator

+NonlinearShuntCompensatorPoints

NonlinearShuntCompensatorPoint

+ b Susceptance
+ g: Conductance
+ sectionNumber: Integer

Figure'20 — Class diagram CoreEquipmentProfile::ShuntCompensator

Figyre 20«~Shows the shunt compensator inheritance structure.

IEC


https://iecnorm.com/api/?name=fad29634370e156fe69d1695cc384673

- 60 - IEC 61970-452:2021 © |IEC 2021

class TapChanger /
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RegulatingControl +RegulatingContro Terminal
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+ ltcFlag: Boolean RatioTapChanger 0..1 1
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IEC
Figure 21 — Class diagram CoreEquipmentProfile::TapChanger

Figure 21: This diagram shows all classes related to the transformer tap model.
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class Transformer /
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Equipment EarthFaultCompensator
ConductingEquipment L
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I
1 0.7

+ConductingEquipment ~ConductingEquipment

+Terminals 0..%
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1

+BaseVoltage
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IdentifiedObject|
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1.1 ‘

+ nominalVoltage: Voltage

1

+TransformerEnd 0..*

IdentifiedObject|

TransformerEnd
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+TransformerEnds
0..%

| + endNumber: Integer

‘ PowerTransformer

1.1

+PowerTransformer

+PowerTransfermesgEnd
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PowerTransformerEnd
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+ ratedU: Voltage
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«enumeration»
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Figy
sho

Figure 22~ Class diagram CoreEquipmentProfile::Transformer

re 22: This diagram shows classes related to the core transformer model, but does

v the tap changer details.
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class OperationaILimits/

CurrentLimit

ApparentPowerLimit
+ normalValue: CurrentFlow
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VoltageLimit IdentifiedObject
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+ normalValue: ActivePower
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IEC
Figure 23 — Class diagram CoreEquipmentProfile::OperationalLimits

Figure-237 This diagram shows operational limits as they tie back into the core model.
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+  governorsCD: ActivePowerPerFrequency
o +  maxP: ActivePower
-1 | +RegulatingControl i
o gulating maxQ: ReactivePower
; +_minP: ActivePower
T MInQ ReactivePower
voltage
RegulatingControl
activePower 9 o \
reactivePower +  mode: RegulatingControlModeKind «enumeration» (
currentFlow hineKind v
admittance
timeScheduled generator + maxQ: ReactivePower [0..1]
empera N +  minQ: ReactivePower [0..1]
powerra i38 generatoiOCoRdIE + qPercent: PerCent [0..1] .
R + type: SynchronousMachineKind o.)
generatorOrMotor ! |
P | RavioTapcha o motorOrCondenser -
M -
. generatorOrCondenserOrMotor InitiallyUsedBysynchron hines
+ stepVoltagelncrement: PerCent
+ phases: PhaseCode [0..1]
+InitialReactiveCapabjlityCurv
+Terminal 1.1 0.1 Q
+RatioTapChanger
PowersystemResource curve]
TapChanger
+  highStep: Integer
+ lowstep: Integer
+  lcFlag: Boolean
+ neutralStep: Integer
+Transformerend neutralU: Voltage
=Transformerénd normalstep: Integer EnergyConnection|
0. ¥
1 TapChangerControl g\ Encravces:
O + pfixed: ActivePower [0..1]
Transformertnd T + pfixedPct: PerCent [0..1]
+  gfixed: ReactivePower [0..1
~ endNumber: Integer afixed: Reactl eR e
1 + gfixedPct: PerCent [0..1]
+PhaseTapChanger ~EnergyConsumer o

x: Reactance

T

LoadBreakSwitch

0..1

+Region

ConductingEquipment|
Ground ConductingEquipment|
Switch
+  normalOpen: Boolean
P | + ratedCurrent: CurrentFlow [0..1]
9 + retained: Boolean +Lines | 0.*
SeriesCompensator
EquipmentContainel
+ rResistance ine

Figure 24 — Class diagram CoreEquipmentProfile::Wires

IEC
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Figure 24: The diagram shows the main classes from the wires package in the canonical CIM.

class Datatypes /

«CIMDatatype»
ActivePower

+  multiplier: U [0..1] = M {readOnly}
+  unit: UnitSymbol [0..1] = W {readOnly

value: Float [0..1]

'

«CIMDatatype»
ApparentPower

'

multiplier: Ui [0..11 = M {readOnly}
+  unit: UnitSymbol [0..1] = VA {readOnly}
value: Float [0..1]

«CIMDatatype»
ActivePowerPerCurrentFlow

«CIMDatatype»
ActivePowerPerFrequency

«CIMDatatype»
AngleDegrees

multiplier: L [0..1] = M {readOnly}

+ multiplier: Us

[0..1] = M {readOnly}

multiplier: L

[0..1] = none {readOnly}

unit: L i I(

+ unit UnitSymbol [0..1] = WPers {readOnly}

value: Float [0..1]

0..11 = WPerA freadOnly} ‘

+ value: Float [0..1]

unit: UnitSymbol [0..1] = deg {readOnly]

value: Float [0..1]

«CIMDatatype»
Capacitance

«CIMDatatype»
Conductance

«CIMDatatype»
CurrentFlow

multiplier: L [0..1] = none {readOnly}

unit: UnitSymbol [0..1] = F {readOnly} ‘

value: Float [0..1]

multiplier: UnitMultiplier [0..1] = none {readOnly
unit: UnitSymbol [0..1] = S {readOnly}

+ value: Float [0..1]

+ multiplier: U

[0..1] = none {readOnlyt
unit: UnitSymbol [0..1] = A {readOnly}
value: Float [0..1]

«CIMDatatype»
Frequency

«CIMDatatype»
Inductance

«CIMDatatype»
Length

«CIMDatatype»
Money

multiplier: Ur [0..1] = none {readOnlyt

+ multiplier: L [0..1] = none {readOnly}

multiplier: L [0..1] = k {readOnly} +

unit: UnitSymbol [0..1] = Hz {readOnly
value: Float [0..1]

+  unit: UnitSymbol [0..1] = H {readOnly
value: Float [0..1]

unit: UnitSymbol [0..1] = m {readOnly; -
value: Float [0..1] +

unit: Currency [0..1]
value: Decimal [0..1]

«CIMDatatype»
PerCent

«CIMDatatype»
Reactance

«CIMDatatype»
ReactivePower

<.c|MDamyp!/

Resistance

value: Float [0..1]

multiplier: U [0..1] = none {readOnly} +  multiplier: L [0..1] = none {readOnly} multiplier: ¢ [0..1] = M {readOnly}
unit: UnitSymbol [0..1] = none freadOnly + wnit:L [0..1] = ohm {readOnly} unit: U [0..1] = VAr {readOnly}

+ value: Float [0..1]

value: Float [0..1]

multiplier 10..1] = none freadOnly}
unit: 1 W#0".11 = ohm {readOniyt
valuexEloft TO81]

«CIMDatatype»
RotationSpeed

«CIMDatatype»
Seconds

«CIMDatatype»
Susceptance

multiplier: Ur [0..1] = none {readOnly}

+  multiplier: L [0..1] = none {readOnly}

£
multiplier: L [0..1] = nor‘e(veadoulvk

unit: UnitSymbol [0..1] = Hz {readOnly
value: Float [0..1]

'

unit: UnitSymbol [0..1] = s {readOnly}
+ value: Float [0..1]

unit: UnitSymbol [0..11 = S {readOnly}
value: Float [0..1]

D

«CIMDatatype»
Voltage

multiplier: U [0..1] = k {readOnly}
unit: UnitSymbol [0..1] = V {readOnly}
value: Float [0..1]

«CIMDatatype»
VoltagePerReactivePower

multiplier: L [0..1] = none {readOnly}
unit: UnitSymbol [0..1] = VPerVAr {readOnly}
value: Float [0..1]

«CIMDatatype» \)
RealEner yO
W,

multiplier: UnitMultiplier [0N] %M readOniyi

value: Float [0..1] e

+  unit UnitSymbol [0..11% Wh {readOnly

Figy

are

For

parffcular datatype.

K<enumeration>> A list of permissible constant values.

Figure 25 — Class diagram CoreEquipmentProfile::Datatypes
re 25: The diagram shows datatypes\that are used by classes in the profile. Stereoty

used to describe the datatypes. The;following stereotypes are defined:

K<Primitive>> The most basi¢ data types used to compose all other data types.

all datatypes both positive and negative values are allowed unless stated otherwise f

IEC

pes

K<CIMDatatype>> A datatype that contains a value attribute, an optional unit of measure
hnd a unit multipliers. The unit and multiplier may be specified as a static variable initial
o the allowed valug;

zed

K<Compound>%_ A composite of Primitive, enumeration, CIMDatatype or other Compdund
classes, as dong as the Compound classes do not recurse.

pr a
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class Primitives/

«Primitives= «Primitives «Primitives
Boolean Date Decimal
«Primitives «Primitives ‘ «Primitives ’
5t-'5-'=§ Hoat | illl.v:g'El |
«Primitives . ONiE
- hat «Primitives
onthDa -

Y DateTime

IEC
Figure 26 — Class diagram CoreEquipmentProfile::Primitives
Figuyre 26: The diagram shows datatypes that are used by-~classes in the profile.

For|all datatypes both positive and negative values)are allowed unless stated otherwise f
parficular datatype.

pr a
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class Enumerations /

«enumeration»
ControlAreaTypeKind

«enumeration»
Currency

AGC
Forecast
Interchange

«enumeration»
GeneratorControlSource

unavailable
offAGC
OnAGC
plantControl

constantYValue
straightLineYValues

«enumeration»
CurveStyle

«enumeration»
DCConverterOperatingModeKind

‘ bipolar

monopolarMetallicReturn
monopolarGroundReturn

«enumeration»

«enumeration»

«enumeration»

’ «enumeration»

«enumeration»

Hydr gy nd HydroF ageKind HydroTurbineKind
generator runOfRiver francis
pumpAndGenerator pumpedStorage pelton

storage kaplan

DCPolarityKind FuelType
positive coal
middle oil
negative gas
lignite
hardCoal
oilShale

brownCoalLignite
coalDerivedGas
peat

other

«enumeration»
UnitSymbol
«enumeration»
windGenUnitKind

offshore
onshore

«enumeration»

OperationalLimitDirectionKind

«enumeration»

RegulatingControlModeKind

absoluteValue

«enumeration,deprecated»
SvCControlMode

reactivePower

voltage
«enumeration» «enumeration» «enumeration»
PhaseCode Uni iplier indi onnection
ABCN = 225 y=-24 D
ABC = 224 z=-21 Y
ABN =193 a=-18 2
ACN =41 f=-15 Yn
BCN =97 p=-12 Zn
AB =132 n=-9 A
AC = 96 micro = -6 I
BC =66 m=-3
AN =129 c=-2
BN =65 d=-1
CN =33 none =0
A=128 da=1
B=64 h=2
c=32 k=3
N=16 M=6
sIN =528 G=9
s2N = 272 T=12
s12N = 784 P=15
s1 =512 E=18
s2 =256 zZ=21
s12 =768 Y =24
none =0
X =1024
XY = 3072
XN = 1040
XYN = 3088

voltage
activePower
reactivePower
currentFlow
admittance
timeScheduled
temperature
powerFactor

«enumeration»
SynchronousMachineKi

generator
condenser .(L
generatorOrCorpte‘

motor
generator@riot
motorOrCi nser

gerf!errCondenserOrMomr

Figy

5.2.p

Inheg

IEC
Figure-27 — Class diagram CoreEquipmentProfile::Enumerations
re 27: The)diagram shows enumerations that are used by classes in the profile.
(abstract) EarthFaultCompensator
ritahce path = ConductingEquipment: Equipment: PowerSystemResource: IdentifiedOhbject

A conducting equipment used to represent a connection to ground which is typically used to
compensate earth faults. An earth fault compensator device modelled with a single terminal
implies a second terminal solidly connected to ground. If two terminals are modelled, the ground

is not assumed and normal connection rules apply.

Table 1 shows all attributes of EarthFaultCompensator.
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Table 1 — Attributes of CoreEquipmentProfile::EarthFaultCompensator
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name mult type description
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Tabje 2 shows all association ends of EarthFaultCompensator with other classes.

Table 2 — Association ends of CoreEquipmentProfile::
EarthFaultCompensator with other classes

mult name mult type description

from to

0..1 BaseVoltage 0..1 BaseVoltage inherited ffom: ConductingEquipment

0..71 EquipmentContainer 0..1 EquipmentContainer inheritedyfrom: Equipment
5.23 (abstract) EnergyArea
Inhgritance path = IdentifiedObject
Describes an area having energy production ar.consumption. Specializations are intendefd to
support the load allocation function as typically required in energy management systemg or
planning studies to allocate hypothesized«lead levels to individual load points for power flow

ana

ysis. Often the energy area can be linked to both measured and forecast load levels.

Table 3 shows all attributes of EnergyArea.

Table 3 — Attributes of CoreEquipmentProfile::EnergyArea

name mult type description
degcription 0..1 String inherited from: |dentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

5.2.|4

(abstract) EnergyConnection

Inheritance path = ConductingEquipment: Equipment: PowerSystemResource: IdentifiedObject

A connection of energy generation or consumption on the power system model.

Table 4 shows all attributes of EnergyConnection.
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Table 4 — Attributes of CoreEquipmentProfile::EnergyConnection

name mult type description
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject
Table 5 shows all association ends of EnergyConnection with other classes.

Table 5 — Association ends of CoreEquipmentProfile::
EnergyConnection with other classes

mult name mult type description

from to

0..1 BaseVoltage 0..1 BaseVoltage inherited ffom: ConductingEquipment

0..71 EquipmentContainer 0..1 EquipmentContainer inheritedyfrom: Equipment
5.2.6 EnergyConsumer
Inhgritance path = EnergyConnection: ConductingEquipment: Equipmlent:
PowerSystemResource: |dentifiedObject

Ger

Ene
Loa
Loa

Tab

eric user of energy — a point of consumption on the power system model.

rgyConsumer.pfixed, .qfixed, .pfixedPct and .qfixedPct have meaning only if there ig
HResponseCharacteristic
HResponseCharacteristic.exponentModel is set to False.

associated

e 6 shows all attributes_of.EnergyConsumer.

Table 6 = Attributes of CoreEquipmentProfile::EnergyConsumer

with

EnergyConsumer or

no

if

name mult

type

description

pfix

0..1

ActivePower

Active power of the load that is a fixed quantity
and does not vary as load group value varies.
Load sign convention is used, i.e. positive sign
means flow out from a node.

pfix

edPct 0..1

PerCent

Fixed active power as a percentage of load
group fixed active power, Used to represent the

time-varying components. Load sign convention
is used, i.e. positive sign means flow out from a
node.

gfixed 0..1

ReactivePower

Reactive power of the load that is a fixed
quantity and does not vary as load group value
varies. Load sign convention is used, i.e.
positive sign means flow out from a node.

gfixedPct 0..1

PerCent

Fixed reactive power as a percentage of load
group fixed reactive power. Used to represent
the time-varying components. Load sign
convention is used, i.e. positive sign means flow
out from a node.

aggregate 0..1

Boolean

inherited from: Equipment

nor

mallylnService 0..1

Boolean

inherited from: Equipment
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name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 7 shows all association ends of EnergyConsumer with other classes.

Table 7 — Association ends of CoreEquipmentProfile::

EnergyConsumer with other classes

mult name mult type description
from to
0..71 LoadResponse 0..1 LoadResponseCharacter | The load response chanacteristic of thjs
istic load. If missing, this load'is assumed fo
be constant powers
0..7 BaseVoltage 0..1 BaseVoltage inherited from;.ConductingEquipment
0..1 EquipmentContainer 0..1 EquipmentContainer inherited from; Equipment
5.2.6 EnergySchedulingType

Inhgritance path = IdentifiedObject

Used to define the type of generation for scheduling/purposes.

Table 8 shows all attributes of EnergySchedulingType.

Table 8 — Attributes of CoreEquipmentProfile::EnergySchedulingType

name mult type description
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject
5.2.f7 TapSchedule

Inhegritance path = SeasonDayTypeSchedule: RegularintervalSchedule: BasiclntervalSched

ule:

IdentifiedObject

A pre-established pattern over time for a tap step.

Table 9 shows all attributes of TapSchedule.
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Table 9 — Attributes of CoreEquipmentProfile::TapSchedule

name mult type description
timeStep 1.1 Seconds inherited from: RegularintervalSchedule
endTime 1.1 DateTime inherited from: RegularintervalSchedule
startTime 1.1 DateTime inherited from: BasiclntervalSchedule
value1Unit 1.1 UnitSymbol inherited from: BasiclntervalSchedule
value2Unit 0..1 UnitSymbol inherited from: BasiclntervalSchedule
description 0.1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 10 shows all association ends of TapSchedule with other classes.

Table 10 — Association ends of CoreEquipmentProfile::TapSchedule with other classes

mult name mult type description
from to
0..7 TapChanger 1.1 TapChanger A TapSchedule is associated with a
TapChanger.
0..1 DayType 1.1 DayType inherited from: SeasonDayTypeSchedjule
0..7 Season 1.1 Season inherited from: SeasonDayTypeSchedule
5.2.8 EnergySource
Inhgritance path = EnergyCehnection: ConductingEquipment: Equipmlent:

PowerSystemResource: IdentifiedObjekct

A ge¢neric equivalent for an energysupplier on a transmission or distribution voltage level.

TabJe 11 shows all attributes/of EnergySource.

Table 11— Attributes of CoreEquipmentProfile::EnergySource

name mult type description

nominalVoltage 0..1 Voltage Phase-to-phase nominal voltage.

pMin 0..1 ActivePower This is the minimum active power that can be
produced by the source. Load sign convention is
used, i.e. positive sign means flow out from a
Tnpnlr\gihall\lndn (hnc) inta the r\r\ndnhfing
equipment.

pMax 0..1 ActivePower This is the maximum active power that can be
produced by the source. Load sign convention is
used, i.e. positive sign means flow out from a
TopologicalNode (bus) into the conducting
equipment.

aggregate 0..1 Boolean inherited from: Equipment

normallylnService 0..1 Boolean inherited from: Equipment

description 0..1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: |dentifiedObject
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Table 12 shows all association ends of EnergySource with other classes.

Table 12 — Association ends of CoreEquipmentProfile::EnergySource with other classes

mult name mult type description
from to

0..* EnergySchedulingType 0..1 EnergySchedulingType Energy Scheduling Type of an Energy

Source.
0..* BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.9 (abstract) Equipment

Inhegritance path = PowerSystemResource: IdentifiedObject

The| parts of a power system that are physical devices, electronic or mechanical.
TabJe 13 shows all attributes of Equipment.

Table 13 — Attributes of CoreEquipmentProfile::Equipment

name mult type description

agdregate 0..1 Boolean The aggregate flag provides an alternative waly
of/representing an aggregated (equivalent)
element. It is applicable in cases when the
dedicated classes for equivalent equipment dd
not have all of the attributes necessary to
represent the required level of detail. In case the
flag is set to "true" the single instance of
equipment represents multiple pieces of
equipment that have been modelled together as
an aggregate equivalent obtained by a networ]
reduction procedure. Examples would be powér
transformers or synchronous machines operatjng
in parallel modelled as a single aggregate power
transformer or aggregate synchronous machire.

-

The attribute is not used for EquivalentBranch|,
EquivalentShunt and EquivalentInjection.

normallylnService 0..1 Boolean Specifies the availability of the equipment under
normal operating conditions. True means the
equipment is available for topology processing
which determines if the equipment is energize
or not. False means that the equipment is

treated by network applications as if it is not i

[o N

the model.
deqcription 0..1 String inherited from: |dentifiedObject
ml-(llu T String TNherited from: Identiiiedobject
name 1.1 String inherited from: IdentifiedObject

Table 14 shows all association ends of Equipment with other classes.

Table 14 — Association ends of CoreEquipmentProfile::Equipment with other classes

mult name mult type description
from to

0..* EquipmentContainer 0..1 EquipmentContainer Container of this equipment.
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Inheritance path = ConnectivityNodeContainer: PowerSystemResource: IdentifiedObject

A modelling construct to provide a root class for containing equipment.

Table 15 shows all attributes of EquipmentContainer.

Table 15 — Attributes of CoreEquipmentProfile::EquipmentContainer

name mult type description
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject
5.2.11 (abstract) ACDCConverter

Inhgritance path = ConductingEquipment: Equipment: PowerSystemResource: IdentifiedOhject

A unit with valves for three phases, together with unit control'‘equipment, essential protegtive
and|switching devices, DC storage capacitors, phase reactors”’and auxiliaries, if any, used for

conyersion.

Table 16 shows all attributes of ACDCConverter.

Table 16 — Attributes of CoreEquipmentProfile::ACDCConverter

name mult type description

badeS 0..1 ApparentPower Base apparent power of the converter pole. The
attribute shall be a positive value.

idldLoss 0..1 ActivePower Active power loss in pole at no power transfert It
is converter’s configuration data used in power
flow. The attribute shall be a positive value.

maxUDC 0.4 Voltage The maximum voltage on the DC side at whicl}
the converter should operate. It is converter’s
configuration data used in power flow. The
attribute shall be a positive value.

minuUDC 0..1 Voltage The minimum voltage on the DC side at which
the converter should operate. It is converter’s
configuration data used in power flow. The
attribute shall be a positive value.

numberQfValves 0..1 Integer Number of valves in the converter. Used in logs
calculations.

ratedUDC 0..1 Voltage Rated converter DC voltage, also called UdN.
The attribute shall be a positive value. It is
converter’s configuration data used in power
flow. For instance a bipolar HVDC link with value
200 kV has a 400kV difference between the DC
lines.

resistiveLoss 0..1 Resistance It is converter’s configuration data used in power
flow. Refer to poleLossP. The attribute shall be a
positive value.

switchingLoss 0..1 ActivePowerPerCurrentF | Switching losses, relative to the base apparent

low

power 'baseS'. Refer to poleLossP. The attribute
shall be a positive value.
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name mult type description
valveU0 0..1 Voltage Valve threshold voltage, also called Uvalve.
Forward voltage drop when the valve is
conducting. Used in loss calculations, i.e. the
switchLoss depend on numberOfValves *
valveUO.
maxP 0..1 ActivePower Maximum active power limit. The value is
overwritten by values of VsCapabilityCurve, if
present.
minP 0..1 ActivePower Minimum active power limit. The value is
overwritten by values of VsCapabilityCurve, if
prescrit.
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject
Table 17 shows all association ends of ACDCConverter with other-classes.

Table 17 — Association ends of CoreEquipmentProfile::
ACDCConverter with other classes

mult name mult type description

from to

0..7 PccTerminal 0..1 Terminal Point of common coupling terminal fof
this converter DC side. It is typically the
terminal on the power transformer (or
switch) closest to the AC network.

0..7 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment

0..1 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.12 ACDCConverterDCTerminal

Inhd

AD
con
equ
sep
con

ritance path = DCBaseTerminal: ACDCTerminal: IdentifiedObject

C electrical connection point at the AC/DC converter. The AC/DC converter is electrid
hected alse“to the AC side. The AC connection is inherited from the AC condug
pment inthe same way as any other AC equipment. The AC/DC converter DC termin
brate from generic DC terminal to restrict the connection with the AC side to AC
erter and so that no other DC conducting equipment can be connected to the AC side

ally
ting
bl is
DC

Tab

le 18 shows all attributes of ACDCConverterDCTerminal.
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of CoreEquipmentProfile::ACDCConverterDCTerminal

name mult type description
polarity 1.1 DCPolarityKind Represents the normal network polarity
condition. Depending on the converter
configuration the value shall be set as follows:
— For a monopole with two converter terminals
use DCPolarityKind "positive" and "negative".
— For a bi-pole or symmetric monopole with
three converter terminals use DCPolarityKind
"positive", "middle" and "negative".
sequenceNumber 1.1 Integer inherited from: ACDCTerminal
degcription 0..1 String inherited from: |dentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 19 shows all association ends of ACDCConverterDCTerminal with other classes.

Table 19 — Association ends of CoreEquipmentProfile::
ACDCConverterDCTerminal with other classes

mult name mult type description
from to
0..71 DCConductingEquipmen | 1..1 ACDCConverter A DC converter terminal belong to an PC
t converter.
0..7 DCNode 0..1 DCNode inherited from: DCBaseTerminal
1.7 BusNameMarker 0..1 BusNameMarker inherited from: ACDCTerminal
5.2.13 (abstract) ACDCTerminal

Inhgritance path = IdentifiedObject

An
co

=]

blectrical connection poiat (AC or DC) to a piece of conducting equipment. Terminals
hected at physical connection points called connectivity nodes.

Table 20 shows all\attributes of ACDCTerminal.

Fable 20 — Attributes of CoreEquipmentProfile::ACDCTerminal

are

name mult type description

sedquenceNumber 1..1 Integer The orientation of the terminal connections fof a
multiple terminal conducting equipment. The
sequence numbering starts with 1 and additional
terminals should follow in increasing order. The
first terminal is the "starting point" for a two
terminal branch.

description 0..1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: |dentifiedObject

Table 21 shows all association ends of ACDCTerminal with other classes.
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Table 21 — Association ends of CoreEquipmentProfile::
ACDCTerminal with other classes

mult name mult type description

from to

1..% BusNameMarker 0..1 BusNameMarker The bus name marker used to name the
bus (topological node).

5.2.14 ACLineSegment
Inhgritance path = Conductor: ConductingEquipment: Equipment: PowerSystemRespurce:
IdentifiedObject
A wire or combination of wires, with consistent electrical characteristics, building a single
elegtrical system, used to carry alternating current between points in the power system.
For|symmetrical, transposed three phase lines, it is sufficient to use “atfributes of the |line
segment, which describe impedances and admittances for the entirg length of the segmient.
Addjtionally impedances can be computed by using length and,‘associated per lemngth
impedances.
The| BaseVoltage at the two ends of ACLineSegments«ii a Line shall have the same
BasgVoltage.nominalVoltage. However, boundary linés may have slightly differ'ent
BasgVoltage.nominalVoltages and variation is allowed. Larger voltage difference in general
requires use of an equivalent branch.
Table 22 shows all attributes of ACLineSegment.
Table 22 — Attributes of CoreEquipmentProfile::ACLineSegment
name mult type description
bch 1.1 Susceptance Positive sequence shunt (charging)
susceptance, uniformly distributed, of the entife
line section. This value represents the full
charging over the full length of the line.
gch 0.1 Conductance Positive sequence shunt (charging)
conductance, uniformly distributed, of the entife
line section.
r 1.1 Resistance Positive sequence series resistance of the enfire
line section.
X 1.1 Reactance Positive sequence series reactance of the ent|re
line section.
length 0..1 Length inherited from: Conductor
agdregate 01 Boolean inherited from: Equipment
normallyInService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject
Table 23 shows all association ends of ACLineSegment with other classes.
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Table 23 — Association ends of CoreEquipmentProfile::
ACLineSegment with other classes

mult name mult type description
from to
0..* BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
5.2.15 ActivePowerLimit
Inhgritance path = OperationalLimit: IdentifiedObject

Lim{t on active power flow.

Table

24 shows all attributes of ActivePowerLimit.

Table 24 — Attributes of CoreEquipmentProfile::ActivePowerLimit

name mult type description
normalValue 1.1 ActivePower The normallvalue of active power limit. The
attribute shall be a positive value or zero.
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject
Table 25 shows all association ends of ActivePowerLimit with other classes.

Table 25 — Association ends of CoreEquipmentProfile::
ActivePowerLimit with other classes

mult name mult type description
from to

1.7 OperationalLimitType 1.1 OperationalLimitType inherited from: OperationalLimit
1.7 OperationalLimitSet 1.1 OperationalLimitSet inherited from: OperationalLimit

5.216 ApparentPowerLimit

Inhgritapce path = OperationalLimit: IdentifiedObject

Applar

Table

26 shows all attributes of ApparentPowerLimit.

Table 26 — Attributes of CoreEquipmentProfile::ApparentPowerLimit

name mult type description
normalValue 1.1 ApparentPower The normal apparent power limit. The attribute
shall be a positive value or zero.
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject
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Table 27 shows all association ends of ApparentPowerLimit with other classes.

Table 27 — Association ends of CoreEquipmentProfile::
ApparentPowerLimit with other classes

mult name mult type description

from to

1..% OperationalLimitType 1.1 OperationalLimitType inherited from: OperationalLimit

1..% OperationalLimitSet 1.1 OperationalLimitSet inherited from: OperationalLimit
5.217 AsynchronousMachine
Inhgritance path = RotatingMachine: RequlatingCondEq: EnergyConnecfion:
ConductingEquipment: Equipment: PowerSystemResource: IdentifiedObject
A rdtating machine whose shaft rotates asynchronously with the electricaltfield. Also knowp as
an |nduction machine with no external connection to the rotor windings, e.g. squirrel-dage
indyction machine.
Table 28 shows all attributes of AsynchronousMachine.

Table 28 — Attributes of CoreEquipmentProfile::AsynchronousMachine

name mult type description

norpinalFrequency 0..1 Frequency Nameplate data indicates if the machine is 50|Hz
or 60 Hz.

nominalSpeed 0..1 RotationSpeed Nameplate data. Depends on the slip and
number of pole pairs.

ratgdPowerFactor 0..1 Float inherited from: RotatingMachine

ratedS 0..1 ApparentPower inherited from: RotatingMachine

ratedU 0..1 Voltage inherited from: RotatingMachine

aggregate 0..1 Boolean inherited from: Equipment

normallylnService 0..1 Boolean inherited from: Equipment

dedcription On1 String inherited from: |dentifiedObject

mRID 1.1 String inherited from: |dentifiedObject

name 1.1 String inherited from: IdentifiedObject

Table 29 shows all association ends of AsynchronousMachine with other classes.

Tablte29—Associatiomends of CoreEquipmentProfiteT:

AsynchronousMachine with other classes

mult name mult type description

from to

1..* GeneratingUnit 0..1 GeneratingUnit inherited from: RotatingMachine

0..* RegulatingControl 0..1 RegulatingControl inherited from: RegulatingCondEq
0..* BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
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Inheritance path = Equipment: PowerSystemResource: IdentifiedObject

AuxiliaryEquipment describe equipment that is not performing any primary functions but support
for the equipment performing the primary function.

AuxiliaryEquipment is attached to primary equipment via an association with Terminal.

Table 30 shows all attributes of AuxiliaryEquipment.

Table 30 — Attributes of CoreEquipmentProfile::AuxiliaryEquipment

name mult type description
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: |dentifiedObject
mR[ID 1.1 String inherited from: ldentifiedObject
name 1.1 String inherited from:(ldentifiedObject

TabJe 31 shows all association ends of AuxiliaryEquipment with other classes.

Table 31 — Association ends of .CoreEquipmentProfile::
AuxiliaryEquipment with other classes

mult name mult type description

from to

0..1 Terminal 1.1 Terminal The Terminal at the equipment where
the AuxiliaryEquipment is attached.

0..1 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.19 BaseVoltage

Inhgritance path = IdentifiedObject

Defines a system base voltage which is referenced.

Tab

e 32 shows all attributes of BaseVoltage.

Table 32 - Attributes of CoreEquipmentProfile::BaseVoltage

name mult type description
nominalVoltage 1.1 Voltage The power system resource's base voltage. Shall
be a positive value and not zero.
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject
5.2.20 (abstract) BasiclntervalSchedule

Inheritance path = IdentifiedObject
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Table 33 shows all attributes of BasiclntervalSchedule.

Table 33 — Attributes of CoreEquipmentProfile::BasiclntervalSchedule

name mult type description
startTime 1.1 DateTime The time for the first time point. The value can
be a time of day, not a specific date.
valuelUnit 1.1 UnitSymbol Value1 units of measure.
valfe2Unit 0..1 UnitSymbol Value2 units of measure.
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject
5.2.1 BatteryUnit

Inhegritance path = PowerElectronicsUnit: Equipment: PowerSystemResource: IdentifiedOb,

ject

An ¢lectrochemical energy storage device.

TabJe 34 shows all attributes of BatteryUnit.

Table 34 — Attributes of CoreEquipmentProfile::BatteryUnit

name mult type description
ratedE 1.1 RealEnergy Full energy storage capacity of the battery. THe
attribute shall be a positive value.
maxP 0..1 ActivePower inherited from: PowerElectronicsUnit
minP 0..1 ActivePower inherited from: PowerElectronicsUnit
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
dedcription 0:1 String inherited from: |dentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

TabJe 35 shows all association ends of BatteryUnit with other classes.

Table 35 — Association ends of CoreEquipmentProfile::BatteryUnit with other classes

mult name mult type description

from to

0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
5.2.22 Bay

Inheritance path = EquipmentContainer: ConnectivityNodeContainer: PowerSystemResource:
IdentifiedObject
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A collection of power system resources (within a given substation) including conducting
equipment, protection relays, measurements, and telemetry. A bay typically represents a
physical grouping related to modularization of equipment.

Table 36 shows all attributes of Bay.

Table 36 — Attributes of CoreEquipmentProfile::Bay

name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

TabJe 37 shows all association ends of Bay with other classes.

Table 37 — Association ends of CoreEquipmentProfile::Bay with other classes

mult name mult type description
from to
0..1 VoltageLevel 1.1 Voltagelevel The'voltage level containing this bay.

5.2.23 Breaker

Inhgritance path =  ProtectedSwitch:  Switch:

PowerSystemResource: IdentifiedObject

ConductingEquipment: Equipmlent:

A mechanical switching device capable of making, carrying, and breaking currents under nogmal
circpiit conditions and also making, carrying for a specified time, and breaking currents under
specified abnormal circuit conditions.gg. those of short circuit.

Table 38 shows all attributes of‘Breaker.

Table 38 — Attributes of CoreEquipmentProfile::Breaker

name mult type description
normalOpen 1.1 Boolean inherited from: Switch
ratgdCurrent 0..1 CurrentFlow inherited from: Switch
retdined 1.1 Boolean inherited from: Switch
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 01 Boolean inherited from: Equinment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 39 shows all association ends of Breaker with

other classes.
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Table 39 — Association ends of CoreEquipmentProfile::Breaker with other classes

mult name mult type description
from to
0..* BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment

EquipmentContainer inherited from: Equipment

0..* EquipmentContainer 0..1

5.2.24 BusbarSection

Inhgritance patit = Connector: ConductngEquipment. EqUipment, POWerSystemResource:

IdentifiedObject

A conductor, or group of conductors, with negligible impedance, that serve to connect other
conflucting equipment within a single substation.

Voltage measurements are typically obtained from voltage transformers that are connected to
buspar sections. A bus bar section may have many physical terminals but for analysis is
modelled with exactly one logical terminal.

Tabje 40 shows all attributes of BusbarSection.

Table 40 — Attributes of CoreEquipmentProfile::BusbarSection

name mult type description
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 41 shows all association~ends of BusbarSection with other classes.

Table'41 — Association ends of CoreEquipmentProfile::
BusbarSection with other classes

mult name mult type description
from to
0..1 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment

0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.25 BusNameMarker

Inheritance path = IdentifiedObject

Used to apply user standard names to TopologicalNodes. Associated with one or more terminals
that are normally connected with the bus name. The associated terminals are normally
connected by non-retained switches. For a ring bus station configuration, all BusbarSection
terminals in the ring are typically associated. For a breaker and a half scheme, both
BusbarSections would normally be associated. For a ring bus, all BusbarSections would
normally be associated. For a "straight" busbar configuration, normally only the main terminal
at the BusbarSection would be associated.

Table 42 shows all attributes of BusNameMarker.
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Table 42 — Attributes of CoreEquipmentProfile::BusNameMarker

name mult type description

priority 0..1 Integer Priority of bus name marker for use as topology
bus name. Use 0 for do not care. Use 1 for
highest priority. Use 2 as priority is less than 1

and so on.
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 43 shows all association ends of BusNameMarker with other classes.

Table 43 — Association ends of CoreEquipmentProfile::
BusNameMarker with other classes

mult name mult type description

from to

0..71 ReportingGroup 0..1 ReportingGroup The reparting group to which this bus
name marker belongs.

5.2.26 CAESPIlant

Inhgritance path = PowerSystemResource: IdentifiedObject

Compressed air energy storage plant.
Table 44 shows all attributes of CAESPlant.

Table 44 — Attributes of CoreEquipmentProfile::CAESPlant

name mult type description
degcription 0..1 String inherited from: IdentifiedObject
mR[ID N1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject
5.2.27 Clamp

Inhgritance path = ConductingEquipment: Equipment: PowerSystemResource: IdentifiedOhject

A Clamp is a galvanic connection at a line segment where other equipment is connected. A
Clamp does not cut the line segment.

A Clamp is ConductingEquipment and has one Terminal with an associated ConnectivityNode.
Any other ConductingEquipment can be connected to the Clamp ConnectivityNode.

Table 45 shows all attributes of Clamp.
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Table 45 — Attributes of CoreEquipmentProfile::Clamp

name mult type description

lengthFromTerminal1 0..1 Length The length to the place where the clamp is
located starting from side one of the line
segment, i.e. the line segment terminal with
sequence number equal to 1.

aggregate 0..1 Boolean inherited from: Equipment

normallylnService 0..1 Boolean inherited from: Equipment

description 0..1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: |dentifiedObject

name 1.1 String inherited from: IdentifiedObject

Table 46 shows all association ends of Clamp with other classes.

Table 46 — Association ends of CoreEquipmentProfile::Clamp with other classes

mult
from

name

mult
to

type

description

0..7 ACLineSegment

1.1 ACLineSegment

The\line segment to which the clamp i
connhected.

4

0..7 BaseVoltage

0..1 BaseVoltage

inherited from: ConductingEquipment

0..71 EquipmentContainer

0..1 EquipmentContainef

inherited from: Equipment

5.2.28 ConformLoadSchedule

Inhgritance path = SeasonDayTypeSchedule: ReqgularintervalSchedule: BasiclntervalSched

ule:

IdentifiedObject

A cuirve of load versus time (X-axis) showing the active power values (Y1-axis) and read
power (Y2-axis) for each unit ofithe period covered. This curve represents a typical patter

load over the time period for'argiven day type and season.

Table 47 shows all attribites of ConformLoadSchedule.

Table 47 = Attributes of CoreEquipmentProfile::ConformLoadSchedule

tive
n of

name mult type description
timeStep 1.1 Seconds inherited from: RegularintervalSchedule
endTime 1.1 DateTime inherited from: RegularintervalSchedule
startTime 1.1 DateTime inherited from: BasiclntervalSchedule
value1Unit 1.1 UnitSymbol inherited from: BasiclntervalSchedule
value2Unit 0..1 UnitSymbol inherited from: BasiclntervalSchedule
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 48 shows all association ends of ConformLoadSchedule with other classes.
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Table 48 — Association ends of CoreEquipmentProfile::
ConformLoadSchedule with other classes

mult name mult type description

from to

0..* ConformLoadGroup 1.1 ConformLoadGroup The ConformLoadGroup where the
ConformLoadSchedule belongs.

0..* DayType 1.1 DayType inherited from: SeasonDayTypeSchedule

0..* Season 1.1 Season inherited from: SeasonDayTypeSchedule

5.2.29 CogenerationPlant

Inhgritance path = PowerSystemResource: IdentifiedObject

A set of thermal generating units for the production of electrical energy and process steam
(usyally from the output of the steam turbines). The steam sendout is typically tsed for industtrial
purposes or for municipal heating and cooling.

Tabje 49 shows all attributes of CogenerationPlant.

Table 49 — Attributes of CoreEquipmentProfile:CogenerationPlant

name mult type description
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

5.2.30 CombinedCyclePlant

Inhegritance path = PowerSystemReé&source: IdentifiedObject

A s¢t of combustion turbines“and steam turbines where the exhaust heat from the combustion
turbjines is recovered to make steam for the steam turbines, resulting in greater overall pglant
effigiency.

TabJe 50 shows all\attributes of CombinedCyclePlant.

Taable 50 — Attributes of CoreEquipmentProfile::CombinedCyclePlant

name mult type description
dedcription 01 String inherited from- IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

5.2.31 (abstract) ConductingEquipment

Inheritance path = Equipment: PowerSystemResource: IdentifiedObject

The parts of the AC power system that are designed to carry current or that are conductively
connected through terminals.

Table 51 shows all attributes of ConductingEquipment.
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name mult type description
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

TabJe 52 shows all association ends of ConductingEquipment with other classes.

Table 52 — Association ends of CoreEquipmentProfile::

ConductingEquipment with other classes

mult
from

name

mult type
to

description

0..1 BaseVoltage

0..1 BaseVoltage

Base voltage of this conducting

equipment, Use only when there is no
voltagellevel container used and only
one base voltage applies. For exampl
fot used for transformers.

0

0..1 EquipmentContainer

0..1 EquipmentContainer

inherited from: Equipment

5.2.32

Inhegritance path = ConductingEquipment: Equipment: PowerSystemResource: IdentifiedOHQ

(abstract) Conductor

ject

Combination of conducting material with_consistent electrical characteristics, building a si

eleqtrical system, used to carry current-between points in the power system.

Table 53 shows all attributes of Conductor.

Table 53 —(Attributes of CoreEquipmentProfile::Conductor

hgle

name mult type description
length 0..1 Length Segment length for calculating line section
capabilities.
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
deqcription 0..1 String inherited from: IdentifiedObject
mRIID 1..1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 54 shows all association ends of Conductor with other classes.

Table 54 — Association ends of CoreEquipmentProfile::Conductor with other classes

mult
from

name

mult type
to

description

0..* BaseVoltage

0..1 BaseVoltage

inherited from: ConductingEquipment

0..* EquipmentContainer

0..1 EquipmentContainer

inherited from: Equipment
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5.2.33 ConformLoad

Inheritance path = EnergyConsumer: EnergyConnection: ConductingEquipment: Equipment:
PowerSystemResource: IdentifiedObject

ConformLoad represent loads that follow a daily load change pattern where the pattern can be
used to scale the load with a system load.

Table 55 shows all attributes of ConformLoad.

[ T1able 55 — Attributes of CoreEquipmentProfifer-ConformLoad |

name mult type description
pfided 0..1 ActivePower inherited from: EnergyConsumer
pfidedPct 0..1 PerCent inherited from: EnergyConsumer,
gfixed 0..1 ReactivePower inherited from: EnergyConsumer
gfixedPct 0..1 PerCent inherited from: Energy€onsumer
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from:(Eguipment
degcription 0..1 String inherited from: |dentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inHerited from: |dentifiedObject

Tabje 56 shows all association ends of Conformload with other classes.

Tahle 56 — Association ends of CoreEquipmentProfile::ConformLoad with other classes

mult name mult type description

from to

1.7 LoadGroup 1.1 ConformLoadGroup Group of this ConformLoad.

0..79 LoadResponse 071 !.(i_aldResponseCharacter inherited from: EnergyConsumer
istic

0..7 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment

0..1 EquipmentCoptainer 0..1 EquipmentContainer inherited from: Equipment

5.2.34 ConformLoadGroup

Inhgritance path = LoadGroup: IdentifiedObject

A group of loads conforming to an allocation pattern.
Table 57 shows all attributes of ConformLoadGroup.

Table 57 — Attributes of CoreEquipmentProfile::ConformLoadGroup

name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject
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Table 58 shows all association ends of ConformLoadGroup with other classes.

Table 58 — Association ends of CoreEquipmentProfile::
ConformLoadGroup with other classes

mult name mult type description
from to
1..% SublLoadArea 1.1 SublLoadArea inherited from: LoadGroup

5.2.35 ConnectivityNode

Inhgritance path = IdentifiedObject

Connectivity nodes are points where terminals of AC conducting equipment,are conne

together with zero impedance.
Table 59 shows all attributes of ConnectivityNode.

Table 59 — Attributes of CoreEquipmentProfile::ConnectivityNode

cted

name mult type description
dedcription 0..1 String inheritéd from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

TabJe 60 shows all association ends of ConnéctivityNode with other classes.

Table 60 — Association ends of CoreEquipmentProfile::
ConnectivityNode with other classes

mult name mult type description

from to

0..1 ConnectivityNodeContai 1.1 ConnectivityNodeContai Container of this connectivity node.
ner ner

5.2.36 (abstract) ConnectivityNodeContainer

Inhegritance path = PowerSystemResource: IdentifiedObject

A bane class for all objects that may contain connectivity nodes or topological nodes.

Table 61 shows all attributes of ConnectivityNodeContainer.

Table 61 — Attributes of CoreEquipmentProfile::ConnectivityNodeContainer

name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject
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(abstract) Connector

Inheritance path = ConductingEquipment: Equipment: PowerSystemResource: IdentifiedObject

A conductor, or group of conductors, with negligible impedance, that serve to connect other
conducting equipment within a single substation and are modelled with a single logical terminal.

Tab

le 62 shows all attributes of Connector.

Table 62 — Attributes of CoreEquipmentProfile::Connector

name mult type description
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: |dentifiedObject
mR[ID 1.1 String inherited from: |dentified@bject
name 1.1 String inherited from: |dentifiedObject
Table 63 shows all association ends of Connector with other classes.

Table 63 — Association ends of CoreEquipmentProfile::Connector with other classegs

mult name mult type description
from to
0..7 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..7 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
5.2.38 ControlArea

Inhe

Ac

ritance path = PowerSystemReésource: IdentifiedObject

pntrol area is a grouping of generating units and/or loads and a cutset of tie lines|(as

terminals) which may béwsed for a variety of purposes including automatic generation confrol,

power flow solution @rea interchange control specification, and input to load forecasting

gen
the
can

ControlArea:

1)

All
eration and lodd ywithin the area defined by the terminals on the border are considered in
area interchange control. Note that any number of overlapping control area specificatfons

be supefimposed on the physical model. The following general principles apply to

[he,'‘control area orientation for net interchange is positive for an import, negative fof an

2)

3)

4)

pxport.

The control area net interchange is determined by summing flows in Terminals. The
Terminals are identified by creating a set of TieFlow objects associated with a ControlArea
object. Each TieFlow object identifies one Terminal.

In a single network model, a tie between two control areas must be modelled in both control
area specifications, such that the two representations of the tie flow sum to zero.

The normal orientation of Terminal flow is positive for flow into the conducting equipment
that owns the Terminal. (i.e. flow from a bus into a device is positive.) However, the
orientation of each flow in the control area specification must align with the control area
convention, i.e. import is positive. If the orientation of the Terminal flow referenced by a
TieFlow is positive into the control area, then this is confirmed by setting
TieFlow.positiveFlowln flag TRUE. If not, the orientation must be reversed by setting the
TieFlow.positiveFlowln flag FALSE.
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Table 64 shows all attributes of ControlArea.

Table 64 — Attributes of CoreEquipmentProfile::ControlArea

name mult type description

type 1.1 ControlAreaTypeKind The primary type of control area definition used
to determine if this is used for automatic
generation control, for planning interchange
control, or other purposes. A control area
specified with primary type of automatic
generation control could still be forecast and
b anadntarch oo o AEOD—a. efloaas
vsed-as-an-thterchange—area-n-powerfow
analysis.

degcription 0..1 String inherited from: IdentifiedObject

mR[ID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: |dentifiedObject

Table 65 shows all association ends of ControlArea with other classes.

Taple 65 — Association ends of CoreEquipmentProfile::ControlArea with other classes

mult name mult type description
from to
0..1 EnergyArea 1.1 EnergyArea The energy area that is forecast from
this control area specification.
5.2.39 ControlAreaGeneratingUnit

Inhgritance path = IdentifiedObject

A control area generating unit. This class is needed so that alternate control area definit
include the same generating ‘tnit. It should be noted that only one instance within a control
should reference a specifictgenerating unit.

may
ares

TabJe 66 shows all attributes of ControlAreaGeneratingUnit.

Table 66 — Attributes of CoreEquipmentProfile::ControlAreaGeneratingUnit

ons

name mult type description
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 67 shows all association ends of ControlAreaGeneratingUnit with other classes.
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Table 67 — Association ends of CoreEquipmentProfile::
ControlAreaGeneratingUnit with other classes

mult name mult type description

from to

0..* ControlArea 1.1 ControlArea The parent control area for the
generating unit specifications.

0..* GeneratingUnit 1.1 GeneratingUnit The generating unit specified for this

control area. Note that a control area
should include a GeneratingUnit only

once.
5.2.40 CsConverter
Inhgritance path = ACDCConverter: ConductingEquipment: Equipmlent:
PowerSystemResource: IdentifiedObject

DC

The
diffe
exti
acti
are

top,
suff
con
nunmni
not

The
pos
pow

The
bety
deg

The
ope
to 2

Tab

side of the current source converter (CSC).
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Table 68 — Attributes of CoreEquipmentProfile::CsConverter

name mult type description

maxAlpha 0..1 AngleDegrees Maximum firing angle. It is converter’s
configuration data used in power flow. The
attribute shall be a positive value.

maxGamma 0..1 AngleDegrees Maximum extinction angle. It is converter’s
configuration data used in power flow. The
attribute shall be a positive value.

maxIDC 0..1 CurrentFlow The maximum direct current (Id) on the DC side
at which the converter should operate. It is
converter’s configuration data use in power, flqw.
The attribute shall be a positive value.

minfAlpha 0..1 AngleDegrees Minimum firing angle. It is converter’s
configuration data used in power flow.,The
attribute shall be a positive valuet

minfGamma 0..1 AngleDegrees Minimum extinction angle. Itis_converter’s
configuration data used in power flow. The
attribute shall be a positivevalue.

minIDC 0..1 CurrentFlow The minimum direct/current (Id) on the DC side
at which the conyérter should operate. It is
converter’s configuration data used in power
flow. The attribute shall be a positive value.

ratedIDC 0..1 CurrentFlow Rated cofiverter DC current, also called IdN. The
attribute shall be a positive value. It is
converter’s configuration data used in power
flaw.

badeS 0..1 ApparentPower inherited from: ACDCConverter

idlgLoss 0..1 ActivePower inherited from: ACDCConverter

maxUDC 0..1 Voltage inherited from: ACDCConverter

minfuUDC 0..1 Voltage inherited from: ACDCConverter

numberOfValves 0..1 Integer inherited from: ACDCConverter

rat¢dUDC 0..1 Voltage inherited from: ACDCConverter

res|stiveLoss 0..1 Resistance inherited from: ACDCConverter

switchingLoss 0..1 ActivePowerPerCurrentF | inherited from: ACDCConverter

low

valyeUO 0..1 Voltage inherited from: ACDCConverter

maxP 0..1 ActivePower inherited from: ACDCConverter

minP 0..1 ActivePower inherited from: ACDCConverter

aggregate 0..1 Boolean inherited from: Equipment

normallyinService 0..1 Boolean inherited from: Equipment

deqcription 0..1 String inherited from: IdentifiedObject

leID 1.1 String inherited from: |dentifiedObject

name 1.1 String inherited from: |dentifiedObject

Table 69 shows all association ends of CsConverter with other classes.
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CsConverter with other classes

mult name mult type description
from to
0..* PccTerminal 0..1 Terminal inherited from: ACDCConverter
0..* BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
5.2.41 _CurrentlLimit

Inhgritance path = OperationalLimit: IdentifiedObject

Opgrational limit on current.

Table 70 shows all attributes of CurrentLimit.

Table 70 — Attributes of CoreEquipmentProfile::CurtentLimit

name mult type description
normalValue 1.1 CurrentFlow The normalvalue for limit on current flow. Thg
attributesshall be a positive value or zero.
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 71 shows all association ends of CurrentLimit with other classes.

Table 71 — Association ends of CoreEquipmentProfile::CurrentLimit with other classes

mult name mult type description
from to
1.7 OperationalLimitType 1.1 OperationalLimitType inherited from: OperationalLimit

OperationalLimitSet

1.1 OperationalLimitSet

inherited from: OperationalLimit

5.2.42 CurrentTransformer

Inheritance

path =

Sensor:

AuxiliaryEquipment: Equipment:

PowerSystemResou

rce:

Identified@bject

Instrument transformer used to measure electrical qualities of the circult that Is being protected
and/or monitored. Typically used as current transducer for the purpose of metering or

protection. A typical secondary current rating would be 5A.

Table 72 shows all attributes of CurrentTransformer.
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Table 72 — Attributes of CoreEquipmentProfile::CurrentTransformer
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name mult type description
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 73 shows all association ends of CurrentTransformer with other classes.

Table 73 — Association ends of CoreEquipmentProfile::
CurrentTransformer with other classes

mult name mult type description
from to
0..1 Terminal 1.1 Terminal inherited ffom: AuxiliaryEquipment
0..71 EquipmentContainer 0..1 EquipmentContainer inheritedyfrom: Equipment
5.2.43 (abstract) Curve

Inhgritance path = IdentifiedObject

A multi-purpose curve or functional relationship:between an independent variable (X-axis)|and
depgendent (Y-axis) variables.

Table 74 shows all attributes of Curve.

Table 74 — Attributes of CoreEquipmentProfile::Curve

name mult type description
curpeStyle 1.41 CurveStyle The style or shape of the curve.
xUnit 1.1 UnitSymbol The X-axis units of measure.
y1Unit 1.1 UnitSymbol The Y1-axis units of measure.
y2Unit 0..1 UnitSymbol The Y2-axis units of measure.
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

5.2.44 CurveData root class

Multi-purpose data points for defining a curve. The use of this generic class is discouraged if a
more specific class can be used to specify the X and Y axis values along with their specific data

types.

Table 75 shows all attributes of CurveData.
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Table 75 — Attributes of CoreEquipmentProfile::CurveData

021

name mult type description

xvalue 1.1 Float The data value of the X-axis variable,

depending on the X-axis units.

ylvalue 1.1 Float The data value of the first Y-axis variable,
depending on the Y-axis units.
y2value 0..1 Float The data value of the second Y-axis variable (if
present), depending on the Y-axis units.
Table 76 shows all association ends of CurveData with other classes.

Table 76 — Association ends of CoreEquipmentProfile::CurveData with other classés

mult name mult type description

from to

1.7 Curve 1.1 Curve The curve of this curve data point.
5.2.45 Cut
Inhgritance path = Switch: ConductingEquipment: Equipment: PowerSystemResource:
IdentifiedObject

A clit separates a line segment into two parts. The_cut appears as a switch inserted betw

thes

conpection between the two line segment partsBut it is possible to close the cut to get galv
conpection.

The
nuni

segment's terminal with sequence number equal to 1.

The

gengrator. To enable this,~connectivity nodes are placed at the cut terminals. Once
conpectivity nodes are.in.place any conducting equipment can be connected at them.

Tab

e two parts and connects them together. As:the cut is normally open there is no galv

cut terminals are oriented towards;the line segment terminals with the same sequg

ber. Hence the cut terminal with* sequence number equal to 1 is oriented to the

cut terminals also act as'¢onnection points for jumpers and other equipment, e.g. a mqg

e 77 shows all\attributes of Cut.
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Table 77 — Attributes of CoreEquipmentProfile::Cut

name mult type description

lengthFromTerminal1 0..1 Length The length to the place where the cut is located
starting from side one of the cut line segment,
i.e. the line segment Terminal with
sequenceNumber equal to 1.

normalOpen 1.1 Boolean inherited from: Switch

ratedCurrent 0..1 CurrentFlow inherited from: Switch

retained 1.1 Boolean inherited from: Switch

aggregate 0..1 Boolean inherited from: Equipment

normallylnService 0..1 Boolean inherited from: Equipment

degcription 0..1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: |dentifiedObject

name 1.1 String inherited from: |dentifiedObject

Table 78 shows all association ends of Cut with other classes.

Table 78 — Association ends of CoreEquipmentProfile.:Cut with other classes

mult name
from

mult type
to

description

0..1 ACLineSegment

1.1 ACLineSegment

The line segment to which the cut is
applied.

0..7 BaseVoltage

0..1 BaseVoltage

inherited from: ConductingEquipment

0..1 EquipmentContainer

0..1 Equipment€ontainer

inherited from: Equipment

5.2.46 DayType

Inhgritance path = IdentifiedObjéet

Gropp of similar days. For“example it could be used to

holidays.

TabJe 79 shows all‘attributes of DayType.

represent weekdays, weekend

Table 79 — Attributes of CoreEquipmentProfile::DayType

or

name mult type description

de r\ripfir\n n__1 Strina inharited frnm: ldaentifiedQhicct

mRID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: IdentifiedObject
5.2.47 (abstract) DCBaseTerminal

Inheritance path = ACDCTerminal: IdentifiedObject

An electrical connection point at a piece of DC conducting equipment. DC terminals are
connected at one physical DC node that may have multiple DC terminals connected. A DC node
is similar to an AC connectivity node. The model requires that DC connections are distinct from

AC connections.
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Table 80 shows all attributes of DCBaseTerminal.

Table 80 — Attributes of CoreEquipmentProfile::DCBaseTerminal

name mult type description
sequenceNumber 1.1 Integer inherited from: ACDCTerminal
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 81 shows all association ends of DCBaseTerminal with other classes.

Table 81 — Association ends of CoreEquipmentProfile::
DCBaseTerminal with other classes

mult name mult type description

from to

0..7 DCNode 0..1 DCNode The DG connectivity node to which this
DC base’terminal connects with zero
impedance.

1.7 BusNameMarker 0..1 BusNameMarker inherited from: ACDCTerminal

5.2.48 DCBreaker

Inhgritance path = DCSwitch: DCConductingEgdipment: Equipment: PowerSystemResou

rce:

IdentifiedObject

A breaker within a DC system.

Table 82 shows all attributes of DCBreaker.

Table 82 —(Attributes of CoreEquipmentProfile::DCBreaker

name mult type description
ratgdUDC 1.1 Voltage inherited from: DCConductingEquipment
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcriptiofi 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name T String TNherited from: Identiiiedobject

Table 83 shows all association ends of DCBreaker with other classes.

Table 83 — Association ends of CoreEquipmentProfile::DCBreaker with other classes

mult name mult type description
from to
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
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5.2.49 DCBusbar

Inheritance  path
IdentifiedObject

—97 -

DCConductingEquipment:

Equipment:

PowerSystemResource:

A busbar within a DC system.

Tab

le 84 shows all attributes of DCBusbar.

Table 84 — Attributes of CoreEquipmentProfile::DCBusbar

name mult type description

rat¢dUDC 1.1 Voltage inherited from: DCConductingEquipméhnt

agdregate 0..1 Boolean inherited from: Equipment

normallylnService 0..1 Boolean inherited from: Equipment

degcription 0..1 String inherited from: |dentified@bject

mR[ID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: IdentifiedObject
Table 85 shows all association ends of DCBusbar with otherclasses.

Table 85 — Association ends of CoreEquipmentProfile::DCBusbar with other class€s

mult name mult type description

from to

0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
5.2.50 DCChopper
Inhgritance path = DCConductingEquipment: Equipment: PowerSystemResource:
IdentifiedObject
Low resistance equipmént‘used in the internal DC circuit to balance voltages. It has typigally
pos|tive and negative pole terminals and a ground.

Tab

e 86 showstall attributes of DCChopper.

Table 86 — Attributes of CoreEquipmentProfile::DCChopper

name mult type description
ratedUDC 1.1 Voltage inherited from: DCConductingEquipment
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 87 shows all association ends of DCChopper with other classes.
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Table 87 — Association ends of CoreEquipmentProfile::DCChopper with other classes

mult name mult type description
from to
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.51 (abstract) DCConductingEquipment

Inheritance path = Equipment: PowerSystemResource: IdentifiedObject

The| parts of the DC power system that are designed to carry current or that are conductiyely
conpected through DC terminals.

TabJe 88 shows all attributes of DCConductingEquipment.

Table 88 — Attributes of CoreEquipmentProfile::DCConductingEquipment

name mult type description

ratgdUDC 1.1 Voltage Rated DC device voltage. The attribute shall Qe
a positive valuelt is configuration data used In
power flow.

aggregate 0..1 Boolean inherited from: Equipment

normallylnService 0..1 Boolean inHerited from: Equipment

degcription 0..1 String inherited from: IdentifiedObject

mR[ID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: |dentifiedObject

TabJe 89 shows all association ends ofddCConductingEquipment with other classes.

Table 89 — Association ends of CoreEquipmentProfile::
DCConductingEquipment with other classes

mult name mult type description
from to
0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.62 DCConverterUnit

Inhgritance path = DCEquipmentContainer: EquipmentContainer: ConnectivityNodeContainer:
PowerSystemResource: IdentifiedObject

Indivisible operative unit comprising all equipment between the point of common coupling on
the AC side and the point of common coupling — DC side, essentially one or more converters,
together with one or more converter transformers, converter control equipment, essential
protective and switching devices and auxiliaries, if any, used for conversion.

Table 90 shows all attributes of DCConverterUnit.
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Table 90 — Attributes of CoreEquipmentProfile::DCConverterUnit

name mult type description
operationMode 1.1 DCConverterOperatingM | The operating mode of an HVDC bipole (bipolar,

odeKind monopolar metallic return, etc).

description 0..1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: |dentifiedObject

name 1.1 String inherited from: IdentifiedObject

Table 91 shows all association ends of DCConverterUnit with other classes.

Table 91 — Association ends of CoreEquipmentProfile::
DCConverterUnit with other classes

mult name mult type description

from to

0..1 Substation 0..1 Substation The containing“substation of the DC
converter unit.

5.2.53 DCDisconnector

Inhgritance path = DCSwitch: DCConductingEquipment: "Equipment: PowerSystemResoulrce:
IdentifiedObject

A disconnector within a DC system.
Table 92 shows all attributes of DCDisconnector.

Table 92 — Attributes of CoreEquipmentProfile::DCDisconnector

name mult type description
ratgdUDC 1.1 Voltage inherited from: DCConductingEquipment
aggregate 0.1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 93 shows all association-ends of DCDisconnector with other classes.

Table 93 — Association ends of CoreEquipmentProfile::
DCDisconnector with other classes

mult name mult type description

from to

0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
5.2.54 (abstract) DCEquipmentContainer

Inheritance path = EquipmentContainer: ConnectivityNodeContainer: PowerSystemResource:
IdentifiedObject
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A modelling construct to provide a root class for containment of DC as well as AC equipment.
The class differ from the EquipmentContaner for AC in that it may also contain DCNode-s.
Hence it can contain both AC and DC equipment.

Table 94 shows all attributes of DCEquipmentContainer.

Table 94 — Attributes of CoreEquipmentProfile::DCEquipmentContainer

name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

5.2.55 DCGround

Inhgritance  path DCConductingEquipment: Equipment: PowerSystemResource:

IdentifiedObject

A gfound within a DC system.
Table 95 shows all attributes of DCGround.

Table 95 — Attributes of CoreEquipmentProfile::DCGround

name mult type description
indlictance 0..1 Inductance Inductance to ground.
r 0..1 Resistance Resistance to ground.
ratgdUDC 1.1 Voltage inherited from: DCConductingEquipment
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 301 String inherited from: IdentifiedObject

Table 96 shows all association ends of DCGround with other classes.

Table/96 — Association ends of CoreEquipmentProfile::DCGround with other classes

mult name mult type description
from to
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.56 DCLine

Inheritance path = DCEquipmentContainer: EquipmentContainer: ConnectivityNodeContainer:
PowerSystemResource: IdentifiedObject

Overhead lines and/or cables connecting two or more HVDC substations.

Table 97 shows all attributes of DCLine.
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Table 97 — Attributes of CoreEquipmentProfile::DCLine

name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 98 shows all association ends of DCLine with other classes.

Table 98 — Association ends of CoreEquipmentProfile::DCLine with other classes|
mult name mult type description
from to
0..7 Region 0..1 SubGeographicalRegion | The SubGeographicalR€&gion containing
the DC line.
5.2.57 DCLineSegment
Inhgritance path = DCConductingEquipment: Equipmient: PowerSystemResource:
IdentifiedObject
A wire or combination of wires not insulated from one another, with consistent electfical
characteristics, used to carry direct current betweén)points in the DC region of the pdwer
system.
Table 99 shows all attributes of DCLineSegment.
Table 99 — Attributes of CoreEquipmentProfile::DCLineSegment
name mult type description
capacitance 1.1 Capacitance Capacitance of the DC line segment. Significant
for cables only.
indlictance 1.1 Inductance Inductance of the DC line segment. Negligible|
compared with DCSeriesDevice used for
smoothing.
res|stance 1.1 Resistance Resistance of the DC line segment.
length 0..1 Length Segment length for calculating line section
capabilities.
ratgdUDC 1.1 Voltage inherited from: DCConductingEquipment
aggregate 0..1 Boolean inherited from: Equipment
noratyHrService 04 Boolean irherited-from—Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 100 shows all association ends of DCLineSegment with other classes.
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Table 100 — Association ends of CoreEquipmentProfile::
DCLineSegment with other classes

mult name mult type description
from to
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.58 DCNode

Inheritance-path-= ldentifiedQbiect
P .

DC hodes are points where terminals of DC conducting equipment are connected togéthér with
zerg impedance.

Table 101 shows all attributes of DCNode.

Table 101 — Attributes of CoreEquipmentProfile::DCNode

name mult type description
dedcription 0..1 String inherited from; [dentifiedObject
mRID 1.1 String inherited, ftom: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 102 shows all association ends of DCNode.with other classes.

Tlable 102 — Association ends of CoreEquipmentProfile::DCNode with other classes

mult name mult type description
from to

0..71 DCEquipmentContainer 1.1 DCEquipmentContainer The DC container for the DC nodes.

5.2.69 RegulationSchedule

Inhgritance path = SéasonDayTypeSchedule: RegularintervalSchedule: BasicintervalSchedule:
IdentifiedObject

A pre-established pattern over time for a controlled variable, e.g., busbar voltage.

Tabje 103 shows all attributes of RegulationSchedule.
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Table 103 — Attributes of CoreEquipmentProfile::RegulationSchedule

name mult type description
timeStep 1.1 Seconds inherited from: RegularintervalSchedule
endTime 1.1 DateTime inherited from: RegularintervalSchedule
startTime 1.1 DateTime inherited from: BasiclntervalSchedule
value1Unit 1.1 UnitSymbol inherited from: BasiclntervalSchedule
value2Unit 0..1 UnitSymbol inherited from: BasiclntervalSchedule
description 0.1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

TabJe 104 shows all association ends of RegulationSchedule with other clasSes.

Table 104 — Association ends of CoreEquipmentProfile::

RegulationSchedule with other classes

mult name mult type description
from to
0..7 RegulatingControl 1.1 RegulatingControl Regulating controls that have this
schedule.
0..1 DayType 1.1 DayType inherited from: SeasonDayTypeSchedjule
0..7 Season 1.1 Season inherited from: SeasonDayTypeSchedlule
5.2.60 DCSeriesDevice
Inhgritance path = DCConductingEquipment: Equipment: PowerSystemResource:

IdentifiedObject

A series device within the DC-system, typically a reactor used for filtering or smoothing. Nee

for fransient and short circditystudies.

Table 105 shows all attributes of DCSeriesDevice.

Table. 105 — Attributes of CoreEquipmentProfile::DCSeriesDevice

ded

name mult type description
indyictance 1.1 Inductance Inductance of the device.
res|stanCe 1.1 Resistance Resistance of the DC device.
ratedUDC 1.1 Voltage inherited from: DCConductingEquipment
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 106 shows all association ends of DCSeriesDevice with other classes.



https://iecnorm.com/api/?name=fad29634370e156fe69d1695cc384673

~ 104 -

IEC 61970-452:2021 © |IEC 2021

Table 106 — Association ends of CoreEquipmentProfile::
DCSeriesDevice with other classes

mult name mult type description

from to

0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
5.2.61 DCShunt

Inhegritance —path = DCConductingEquipment.  Eguipment.  PowerSystemResource:

IdentifiedObject
A shunt device within the DC system, typically used for filtering. Needed for transigntiand short
circpit studies.
Table 107 shows all attributes of DCShunt.
Table 107 — Attributes of CoreEquipmentProfile:;DCShunt
name mult type description
capacitance 1.1 Capacitance Capacitance of the DC shunt.
res|stance 1.1 Resistance Resistance of the DC device.
ratgdUDC 1.1 Voltage inhérited from: DCConductingEquipment
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject
Table 108 shows all association;énds of DCShunt with other classes.
Thble 108 — Association ends of CoreEquipmentProfile::DCShunt with other classds
mult name mult type description
from to
0..71 EquipmeéentContainer 0..1 EquipmentContainer inherited from: Equipment
5.2.62°, 'BCSwitch
Inheritance  path DCConductingEquipment:  Equipment: PowerSystemResource:

IdentifiedObject

A switch within the DC system.

Table 109 shows all attributes of DCSwitch.
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Table 109 — Attributes of CoreEquipmentProfile::DCSwitch

name mult type description
ratedUDC 1.1 Voltage inherited from: DCConductingEquipment
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: |dentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 110 shows all association ends of DCSwitch with other classes.

Table 110 — Association ends of CoreEquipmentProfile::DCSwitch with other classé¢s

mult name mult type description
from to
0..71 EquipmentContainer 0..1 EquipmentContainer inheritedyfram: Equipment

5.2.63 DCTerminal

Inhegritance path = DCBaseTerminal: ACDCTerminal: IdentifiedObject

An g¢lectrical connection point to generic DC conducting equipment.
Table 111 shows all attributes of DCTerminalk

Table 111 — Attributes ©f CoreEquipmentProfile::DCTerminal

name mult type description
sequenceNumber 1.1 Integer inherited from: ACDCTerminal
degcription 0..1 String inherited from: IdentifiedObject
mRID .1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 112 shows all association ends of DCTerminal with other classes.

Table’ 12 — Association ends of CoreEquipmentProfile::DCTerminal with other cIasTes

mult name mult type description
from to
0..* DCConductingEquipmen | 1..1 DCConductingEquipmen | An DC terminal belong to a DC
t t conducting equipment.
0..* DCNode 0..1 DCNode inherited from: DCBaseTerminal
1..% BusNameMarker 0..1 BusNameMarker inherited from: ACDCTerminal
5.2.64 Disconnector
Inheritance path = Switch: ConductingEquipment: Equipment: PowerSystemResource:

IdentifiedObject
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A manually operated or motor operated mechanical switching device used for changing the
connections in a circuit, or for isolating a circuit or equipment from a source of power. It is
required to open or close circuits when negligible current is broken or made.

Table 113 shows all attributes of Disconnector.

Table 113 — Attributes of CoreEquipmentProfile

::Disconnector

name mult type description
normalOpen 1.1 Boolean inherited from: Switch
rat¢dCurrent 0..1 CurrentFlow inherited from: Switch
retgined 1.1 Boolean inherited from: Switch
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: |dentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: ldentifiedObject

Table 114 shows all association ends of Disconnector with other classes.

Disconnector with other'classes

Table 114 — Association ends of CoteEquipmentProfile::

mult name mult type description

from to

0..7 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.65 DisconnectingCircuitBreaker

Inhgritance path =

Breaken:

ProtectedSwitch: Switch: ConductingEquipment:

Equipm

ent:

PowerSystemResource: ldentifiedObject

A circuit breaking device including disconnecting function, eliminating the need for sepa

disgonnectors.

Table 115 shows all attributes of DisconnectingCircuitBreaker.

Table 115 — Attributes of CoreEquipmentProfile::DisconnectingCircuitBreaker

rate

name mult type description
normalOpen 1.1 Boolean inherited from: Switch
ratedCurrent 0..1 CurrentFlow inherited from: Switch
retained 1.1 Boolean inherited from: Switch
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject
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Table 116 shows all association ends of DisconnectingCircuitBreaker with other classes.

Table 116 — Association ends of CoreEquipmentProfile::
DisconnectingCircuitBreaker with other classes

mult name mult type description
from to
0..* BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
5.2.66 EquivalentBranch
Inhgritance path = EquivalentEquipment: ConductingEquipment: Equipmient:
PowerSystemResource: |dentifiedObject
The|class represents equivalent branches. In cases where a transformer phase shift is modglled
and| the EquivalentBranch is spanning the same nodes, the impedance quantities for|the
EqulivalentBranch shall consider the needed phase shift.
Table 117 shows all attributes of EquivalentBranch.
Table 117 — Attributes of CoreEquipmentProfile::EquivalentBranch
name mult type description
r 1.1 Resistance Positive sequence series resistance of the
reduced branch.
r21 0..1 Resistance Resistance from terminal sequence 2 to termipal
sequence 1 .Used for steady state power flow,
This attribute is optional and represent
unbalanced network such as off-nominal phase
shifter. If only EquivalentBranch.r is given, thgn
EquivalentBranch.r21 is assumed equal to
EquivalentBranch.r.
Usage rule: EquivalentBranch is a result of
network reduction prior to the data exchange.
X 1.1 Reactance Positive sequence series reactance of the
reduced branch.
x21 0..1 Reactance Reactance from terminal sequence 2 to termirjal
sequence 1. Used for steady state power flow
This attribute is optional and represents an
unbalanced network such as off-nominal phase
shifter. If only EquivalentBranch.x is given, thén
EquivalentBranch.x21 is assumed equal to
EquivalentBranch.x.
Usage rule: EquivalentBranch is a result of
NEIWOork reauction prior 1o the data exchange.
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject
Table 118 shows all association ends of EquivalentBranch with other classes.
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Table 118 — Association ends of CoreEquipmentProfile::
EquivalentBranch with other classes

mult name mult type description

from to

0..* EquivalentNetwork 0..1 EquivalentNetwork inherited from: EquivalentEquipment
0..* BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.67 (abstract) EquivalentEquipment

Inhgritance path = ConductingEquipment: Equipment: PowerSystemResource: IdentifiedOhject

The|class represents equivalent objects that are the result of a network reduction? The clags is
the pase for equivalent objects of different types.

Table 119 shows all attributes of EquivalentEquipment.

Table 119 — Attributes of CoreEquipmentProfile::EqlivalentEquipment

name mult type description
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inferited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

TabJe 120 shows all association ends\of EquivalentEquipment with other classes.

Table 120 — Association ends of CoreEquipmentProfile::
EquivalentEquipment with other classes

mult name mult type description

from to

0..1 EquivalentNetwork 0..1 EquivalentNetwork The equivalent where the reduced mogel
belongs.

0..1 BaseVaoltage 0..1 BaseVoltage inherited from: ConductingEquipment

0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.68 Equivalentinjection

Inheritance path = EquivalentEquipment: ConductingEquipment: Equipment:
PowerSystemResource: |dentifiedObject

This class represents equivalent injections (generation or load). Voltage regulation is allowed
only at the point of connection.

Table 121 shows all attributes of Equivalentinjection.
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Table 121 — Attributes of CoreEquipmentProfile::Equivalentinjection

name mult type description
maxP 0..1 ActivePower Maximum active power of the injection.
maxQ 0..1 ReactivePower Maximum reactive power of the injection. Used

for modelling of infeed for load flow exchange.
Not used for short circuit modelling. If maxQ and
minQ are not used ReactiveCapabilityCurve can
be used.

minP 0..1 ActivePower Minimum active power of the injection.

minQ o1 ReacttvePower | -
for modelling of infeed for load flow exchange
Not used for short circuit modelling. If maxQ gnd
minQ are not used ReactiveCapabilityCurve can
be used.

regulationCapability 1.1 Boolean Specifies whether or not the Equivalentinjectipn
has the capability to regulate-the local voltagq. If
true the Equivalentlnjection ‘can regulate. If fa|se
the Equivalentinjection cannot regulate.
ReactiveCapabilityCurve can only be associated
with EquivalentInjection” if the flag is true.

aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited framy Equipment
degcription 0..1 String inherited\from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 122 shows all association ends of Equivalentinjection with other classes.

Table 122 — Association ends of CoreEquipmentProfile::
Equivalentinjection with other classes

mult name mult type description

from to

0..7 ReactiveCapabilityCurve }'0..1 ReactiveCapabilityCurve | The reactive capability curve used by
this equivalent injection.

0..7 EquivalentNetwork 0..1 EquivalentNetwork inherited from: EquivalentEquipment

0..7 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment

0..7 Equipment€ontainer 0..1 EquipmentContainer inherited from: Equipment

5.2.69- \EquivalentNetwork

Inheritance path = ConnectivityNodeContainer: PowersystemResource: IdentifiedODbject

A class that groups electrical equivalents, including internal nodes, of a network that has been
reduced. The ConnectivityNodes contained in the equivalent are intended to reflect internal
nodes of the equivalent. The boundary Connectivity nodes where the equivalent connects
outside itself are not contained by the equivalent.

Table 123 shows all attributes of EquivalentNetwork.
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Table 123 — Attributes of CoreEquipmentProfile::EquivalentNetwork

name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

5.2.70 EquivalentShunt

Inhgritance path = EquivalentEquipment: ConductingEquipment: Equipmient:

PowerSystemResource: IdentifiedObject

The|class represents equivalent shunts.
Table 124 shows all attributes of EquivalentShunt.

Table 124 — Attributes of CoreEquipmentProfile::EquivalentShunt

Table 125—Association ends of CoreEquipmentProfile::

EquivalentShunt with other classes

name mult type description
b 1.1 Susceptance Positive sequence shunt susceptance.
g 1.1 Conductance Positive _sequence shunt conductance.
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 125 shows all association ends of EquivalentShunt with other classes.

mult name mult type description
from to
0..7 EquivalentNetwork 0..1 EquivalentNetwork inherited from: EquivalentEquipment
0..1 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.71 ExternalNetworklnjection

Inheritance path = RequlatingCondEq: EnergyConnection: ConductingEquipment: Equipment:
PowerSystemResource: IdentifiedObject

This class represents the external network and it is used for IEC 60909 calculations.

Table 126 shows all attributes of ExternalNetworklInjection.
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name mult type description
governorSCD 1.1 ActivePowerPerFrequen | Power Frequency Bias. This is the change in
cy power injection divided by the change in

frequency and negated. A positive value of the
power frequency bias provides additional power
injection upon a drop in frequency.

maxP 1.1 ActivePower Maximum active power of the injection.

maxQ 1.1 ReactivePower Maximum reactive power limit. It is used for
modelling of infeed for load flow exchange and
not for short circuit modelling.

minP 1.1 ActivePower Minimum active power of the injection.

minQ 1.1 ReactivePower Minimum reactive power limit. It is used/for
modelling of infeed for load flow exchange and
not for short circuit modelling.

aggregate 0 Boolean inherited from: Equipment

normallylnService 0.. Boolean inherited from: Equipment

degcription 0 String inherited from: ldentifiedObject

mRID 1. String inherited from:dentifiedObject

name 1.. String inherited framy IdentifiedObject

Table 127 shows all association ends of ExternalNetwérkinjection with other classes.

Table 127 — Association ends-of CoreEquipmentProfile::
ExternalNetworklnjection with other classes

mult
from

name

mult type
to

description

0..1 RegulatingControl

0..1 RegulatingControl

inherited from: RegulatingCondEq

0..1 BaseVoltage

0..1 BaseVoltage

inherited from: ConductingEquipment

0..71 EquipmentContainer

0.1 EquipmentContainer

inherited from: Equipment

5.2.f2 Faultindicator

Inhgritance path = ‘AuxiliaryEquipment: Equipment: PowerSystemResource: IdentifiedObje

A Fhaultindicator is typically only an indicator (which may or may not be remotely monitor
and|not a‘piece of equipment that actually initiates a protection event. It is used for FLISR (H
Locatien,JIsolation and Restoration) purposes, assisting with the dispatch of crews to "n
likely".\part of the network (i.e. assists with determining circuit section where the fault most li

\J
—

ed),
ault
host

kely

happened).

Table 128 shows all attributes of Faultindicator.
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Table 128 — Attributes of CoreEquipmentProfile::Faultindicator

name mult type description
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 129 shows all association ends of Faultindicator with other classes.

Table 129 — Association ends of CoreEquipmentProfile::
Faultindicator with other classes

mult name mult type description

from to

0..1 Terminal 1.1 Terminal inherited ffom: AuxiliaryEquipment
0..71 EquipmentContainer 0..1 EquipmentContainer inheritedyfrom: Equipment

5.2.f3 FossilFuel

Inhgritance path = IdentifiedObject

The| fossil fuel consumed by the non-nuclear thermal generating unit. For example, coal,
etc. These are the specific fuels that theggenerating unit can consume.

gas

Table 130 shows all attributes of FossilFuel.

Table 130 — Attributes of CoreEquipmentProfile::FossilFuel

oil,

name mult type description
fossilFuelType 1.41 FuelType The type of fossil fuel, such as coal, oil, or gas.
degcription 0.1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 131 shows all association ends of FossilFuel with other classes.

Table 131 — Association ends of CoreEquipmentProfile::FossilFuel with other classes

mult name mult type description
from to
0..* ThermalGeneratingUnit 1.1 ThermalGeneratingUnit A thermal generating unit may have one
or more fossil fuels.
5.2.74 Fuse

Inheritance path =

Switch:

ConductingEquipment:

Equipment:

PowerSystemResource:

IdentifiedObject
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An overcurrent protective device with a circuit opening fusible part that is heated and severed
by the passage of overcurrent through it. A fuse is considered a switching device because it
breaks current.

Table 132 shows all attributes of Fuse.

Table 132 — Attributes of CoreEquipmentProfile::Fuse

name mult type description
normalOpen 1.1 Boolean inherited from: Switch
rat¢dCurrent 0..1 CurrentFlow inherited from: Switch
retgined 1.1 Boolean inherited from: Switch
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: |dentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: ldentifiedObject

TabJe 133 shows all association ends of Fuse with other classes.

Table 133 — Association ends of CoreEquipmentProfile::Fuse with other classes

mult name mult type description
from to
0..1 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
5.2.f75 GeneratingUnit

Inhe

As
currn
purg
Gen
the

Tab

set.

ritance path = Equipment:\PowerSystemResource: IdentifiedObject

e 134 shows all attributes of GeneratingUnit.

ngle or set of synchronous machines for converting mechanical power into alternatjing-
ent power. For example, individual machines within a set may be defined for schedu
oses while a §ingle control signal is derived for the set. In this case there would K
eratingUnit_for each member of the set and an additional GeneratingUnit correspondin

ling
e a
g to
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Table 134 — Attributes of CoreEquipmentProfile::GeneratingUnit

name mult type description

genControlSource 0..1 GeneratorControlSource | The source of controls for a generating unit.
Defines the control status of the generating unit.

governorSCD 0..1 PerCent Governor Speed Changer Droop. This is the
change in generator power output divided by the
change in frequency normalized by the nominal
power of the generator and the nominal
frequency and expressed in percent and
negated. A positive value of speed change droop
Ir'\rr\\/ir'h:m additional generatar autput upon a d*op
in frequency.

longPF 0..1 Float Generating unit long term economic participat|on
factor.

maximumAllowableSpinn | 0..1 ActivePower Maximum allowable spinning res€rve’ Spinninf

ingReserve reserve will never be consideredydgreater than
this value regardless of the Cutrent operating
point.

maxOperatingP 1.1 ActivePower This is the maximum, @perating active power limit
the dispatcher can_énter for this unit.

minOperatingP 1.1 ActivePower This is the minjmum operating active power lifit
the dispatcher ¢an enter for this unit.

norhinalP 0..1 ActivePower The nomihal power of the generating unit. Usgd
to give preCise meaning to percentage based
attributes such as the governor speed change|
droop (governorSCD attribute).
The attribute shall be a positive value equal tq or
less than RotatingMachine.ratedS.

ratedGrossMaxP 0..1 ActivePower The unit's gross rated maximum capacity (bogk
value).
The attribute shall be a positive value.

ratedGrossMinP 0..1 ActivePowert The gross rated minimum generation level which
the unit can safely operate at while delivering
power to the transmission grid.
The attribute shall be a positive value.

rat¢dNetMaxP 0..1 ActivePower The net rated maximum capacity determined by
subtracting the auxiliary power used to operatpe
the internal plant machinery from the rated grgss
maximum capacity.
The attribute shall be a positive value.

shdrtPF 0..1 Float Generating unit short term economic
participation factor.

staftupCost 0..1 Money The initial startup cost incurred for each start pf
the GeneratingUnit.

var|ableCost 0..1 Money The variable cost component of production pef
unitof ActivaPRower

startupTime 0..1 Seconds Time it takes to get the unit on-line, from the
time that the prime mover mechanical power is
applied.

totalEfficiency 0..1 PerCent The efficiency of the unit in converting the fuel
into electrical energy.

aggregate 0..1 Boolean inherited from: Equipment

normallylnService 0..1 Boolean inherited from: Equipment

description 0..1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: |dentifiedObject

name 1.1 String inherited from: IdentifiedObject
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Table 135 shows all association ends of GeneratingUnit with other classes.
Table 135 — Association ends of CoreEquipmentProfile::
GeneratingUnit with other classes
mult name mult type description
from to
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
5.2.f6 GeographicalRegion
Inhgritance path = IdentifiedObject

A geographical region of a power system network model.

Tab

e 136 shows all attributes of GeographicalRegion.

Table 136 — Attributes of CoreEquipmentProfile::GeographicalRegion

name mult type description
dedcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inferited from: |dentifiedObject

5.2.77 GrossToNetActivePowerCurve

Inhd

ritance path = Curve: IdentifiedObject

Relationship between the generating-unit's gross active power output on the X-axis (measyred

at th
axis
mod
dep

Tab

e terminals of the machine(s)).and the generating unit's net active power output on th
(based on utility-defined measurements at the power station). Station service loads, W
elled, should be treated.as-non-conforming bus loads. There may be more than one cu
ending on the auxiliary 'equipment that is in service.

e 137 shows all @ttributes of GrossToNetActivePowerCurve.

Table 137Z="Attributes of CoreEquipmentProfile::GrossToNetActivePowerCurve

P Y-
hen
rve,

name mult type description
curyeStyle 1.1 CurveStyle inherited from: Curve
xUnit 1 UnidSvmbol inheritadfromCurve
y1Unit 1.1 UnitSymbol inherited from: Curve
y2Unit 0..1 UnitSymbol inherited from: Curve
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 138 shows all association ends of GrossToNetActivePowerCurve with other classes.
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Table 138 — Association ends of CoreEquipmentProfile::
GrossToNetActivePowerCurve with other classes

mult name mult type description
from to
0..* GeneratingUnit 1.1 GeneratingUnit A generating unit may have a gross

active power to net active power curve,
describing the losses and auxiliary
power requirements of the unit.

5.2.f/8 Ground

Inhgritance path = ConductingEquipment: Equipment: PowerSystemResource: IdentifiedOhject

A ppint where the system is grounded used for connecting conducting equipmeént to grodind.
The|power system model can have any number of grounds.

Table 139 shows all attributes of Ground.

Table 139 — Attributes of CoreEquipmentProfile::Ground

name mult type description
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inhérited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 140 shows all association ends\of Ground with other classes.

Table 140 — Association ends of CoreEquipmentProfile::Ground with other classes$

mult
from

name

mult
to

type

description

0..7 BaseVoltage

0..1 BaseVoltage

inherited from: ConductingEquipment

0..7 EquipmentContainer

0..1 EquipmentContainer

inherited from: Equipment

5.2.79 _GroundDisconnector

Inhegritance path =

Switch: ConductingEquipment: Egquipment: PowerSvstemResoulrce:

IdentifiedODbject

A manually operated or motor operated mechanical switching device used for isolating a circuit
or equipment from ground.

Table 141 shows all attributes of GroundDisconnector.
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Table 141 — Attributes of CoreEquipmentProfile::GroundDisconnector

name mult type description
normalOpen 1.1 Boolean inherited from: Switch
ratedCurrent 0..1 CurrentFlow inherited from: Switch
retained 1.1 Boolean inherited from: Switch
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0.1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 142 shows all association ends of GroundDisconnector with other clagses.

Table 142 — Association ends of CoreEquipmentProfile::
GroundDisconnector with other classes

mult name mult type description

from to

0..7 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.80 Groundinglmpedance

Inhgritance path = EarthFaultCompensator: ConductingEquipment: Equipmlent:
PowerSystemResource: IdentifiedObject
A fixed impedance device used for.grounding.
TabJe 143 shows all attributes‘of Groundinglmpedance.
Table 143 — Attributes of CoreEquipmentProfile::Groundinglmpedance
name mult type description
aggregate 0..1 Boolean inherited from: Equipment
normallylnSefvice 0..1 Boolean inherited from: Equipment
degcriptien 0..1 String inherited from: IdentifiedObject
mRIBD 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 144 shows all association ends of Groundinglmpedance with other classes.

Table 144 — Association ends of CoreEquipmentProfile::
Groundinglmpedance with other classes

mult name mult type description

from to

0..* BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
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Inheritance path = GeneratingUnit: Equipment: PowerSystemResource: IdentifiedObject

A generating unit whose prime mover is a hydraulic turbine (e.g., Francis, Pelton, Kaplan).

Table 145 shows all attributes of HydroGeneratingUnit.

Table 145 — Attributes of CoreEquipmentProfile::HydroGeneratingUnit

name mult fype description
endrgyConversionCapab | 0..1 HydroEnergyConversion | Energy conversion capability for generating,
ilityl Kind
dropHeight 0..1 Length The height water drops from the reservoir midf

point to the turbine.

turbineType 0..1 HydroTurbineKind Type of turbine.
genControlSource 0..1 GeneratorControlSource | inherited from: GeneratingUnit
goVernorSCD 0..1 PerCent inherited from: GenératingUnit
longPF 0..1 Float inherited from: GeneratingUnit
makimumAllowableSpinn | 0..1 ActivePower inherited framy GeneratingUnit
ingReserve
makxOperatingP 1.1 ActivePower inherited from: GeneratingUnit
minOperatingP 1.1 ActivePower inhérited from: GeneratingUnit

nominalP

ActivePower

inherited from

: GeneratingUnit

rat¢dGrossMaxP

ActivePower

inherited from:

GeneratingUnit

ratgdGrossMinP

ActivePower

inherited from:

GeneratingUnit

ratgdNetMaxP

ActivePower

inherited from:

GeneratingUnit

0.

0.

0.

0.
shqgrtPF 0..1 Float inherited from: GeneratingUnit
staftupCost 0..1 Money. inherited from: GeneratingUnit
var|ableCost 0..1 Meoéney inherited from: GeneratingUnit
startupTime 0..1 Seconds inherited from: GeneratingUnit
totglEfficiency 0.1 PerCent inherited from: GeneratingUnit
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 146 shows all association ends of HydroGeneratingUnit with other classes.

Table 146 — Association ends of CoreEquipmentProfile::
HydroGeneratingUnit with other classes

mult name mult type description

from to

0..x HydroPowerPlant 0..1 HydroPowerPlant The hydro generating unit belongs to a
hydro power plant.

0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
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5.2.82 HydroPowerPlant

Inheritance path = PowerSystemResource: IdentifiedObject

A hydro power station which can generate or pump. When generating, the generator turbines
receive water from an upper reservoir. When pumping, the pumps receive their water from a
lower reservoir.

Table 147 shows all attributes of HydroPowerPlant.

——Tablet47 = Attributes of CoreEquipmentProfiieTHydroPowerPTant—— ]

name mult type description

hydroPlantStorageType 1.1 HydroPlantStorageKind The type of hydro power plant watér storage.

degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

5.2.83 HydroPump

Inhegritance path = Equipment: PowerSystemResource: IdentifiedObject

A synchronous motor-driven pump, typically associated‘with a pumped storage plant.
Table 148 shows all attributes of HydroPump.

Table 148 — Attributes of CoreEquipmentProfile::HydroPump

name mult type description
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

TabJe 149 shows all association ends of HydroPump with other classes.

Table 149 — Association ends of CoreEquipmentProfile::HydroPump with other classes

mult name mult type description
from to
0..1 RotatingMachine 1.1 RotatingMachine The synchronous machine drives the

turbine which moves the water from a
low elevation to a higher elevation. The
direction of machine rotation for pumping
may or may not be the same as for
generating.

0..* HydroPowerPlant 0..1 HydroPowerPlant The hydro pump may be a member of a
pumped storage plant or a pump for
distributing water.

0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
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5.2.84 (abstract) IdentifiedObject root class

This is a root class to provide common identification for all classes needing identification and
naming attributes.

Table 150 shows all attributes of IdentifiedObject.

Table 150 — Attributes of CoreEquipmentProfile::ldentifiedObject

name mult type description

dedcription 0..1 The description is a free human readable text
describing or naming the object. It may be,hof
unique and may not correlate to a naming

hierarchy.

String

mR[ID 1.1 Master resource identifier issued(by'd model
authority. The mRID is unique within an

exchange context. Global uniqueness is easily
achieved by using a UUID, \as“specified in RF
4122, for the mRID. The'use of UUID is strong

recommended.

String

0

y

For CIMXML data files in RDF syntax conformjng
to IEC 61970-552,"the mRID is mapped to rdf:ID
or rdf:about attributes that identify CIM object
elements,

name 1.1 The ndmeis any free human readable and

possibly'non unique text naming the object.

String

5.2.85 Jumper

Inhgritance path = Switch:

IdentifiedObject

ConductingEquipment: Equipment: PowerSystemResource:

A short section of conductor with negligible impedance which can be manually removed [and
replaced if the circuit is de-energized. Note that zero-impedance branches can potentially be
modelled by other equipment types.

TabJe 151 shows all attributes of Jumper.

Table 151 — Attributes of CoreEquipmentProfile::Jumper

name mult type description
normalOpen 1.1 Boolean inherited from: Switch
ratgdCurrent 0..1 CurrentFlow inherited from: Switch
retdined 1.1 Boolean inherited from: Switch
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 152 shows all association ends of Jumper with other classes.
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Table 152 — Association ends of CoreEquipmentProfile::Jumper with other classes

mult name mult type description
from to
0..* BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
5.2.86 Junction

Inhemm—mmmmmmme:
IdentifiedObject

A point where one or more conducting equipments are connected with zero resistance.

Table 153 shows all attributes of Junction.

Table 153 — Attributes of CoreEquipmentProfile::Junction

name mult type description
aggregate 0..1 Boolean inherited fromj) Equipment
normallylnService 0..1 Boolean inherited\from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 154 shows all association ends of Junction with other classes.

Table 154 — Association ends of-CoreEquipmentProfile::Junction with other classes

mult name mult type description
from to
0..1 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
5.2.87 Line

Inheritancexpath = EquipmentContainer: ConnectivityNodeContainer: PowerSystemResoulrce:
Identified@bject

Contains equipment beyond a substation belonging to a power transmission line.
Table 155 shows all attributes of Line.

Table 155 — Attributes of CoreEquipmentProfile::Line

name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject
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Table 156 shows all association ends of Line with other classes.

Table 156 — Association ends of CoreEquipmentProfile::Line with other classes

mult name mult type description
from to
0..* Region 0..1 SubGeographicalRegion | The sub-geographical region of the line.

5.2.88 LinearShuntCompensator

Inheritance path

ShuntCompensator:

RegulatingCondEq:

EnergyConngéct

ion:

ConductingEquipment: Equipment: PowerSystemResource: ldentifiedObject

A linear shunt compensator has banks or sections with equal admittance values.

TabJe 157 shows all attributes of LinearShuntCompensator.

Table 157 — Attributes of CoreEquipmentProfile::LinearShuntCompensator

name mult type description

bP¢rSection 1.1 Susceptance Positivess€quence shunt (charging) susceptarjce
per segtion.

gPerSection 1.1 Conductance Pgsitive sequence shunt (charging) conductarice
persection.

aVRDelay 0..1 Seconds inherited from: ShuntCompensator

grounded 0..1 Boolean inherited from: ShuntCompensator

makximumSections 1.1 Integer inherited from: ShuntCompensator

nomU 1.1 Voltage inherited from: ShuntCompensator

normalSections 1.1 Integer inherited from: ShuntCompensator

volfageSensitivity 0..1 VoltagePerReactivePow | inherited from: ShuntCompensator

er

agdregate 0..1 Boolean inherited from: Equipment

normallylnService 0.1 Boolean inherited from: Equipment

degcription 0..1 String inherited from: IdentifiedObject

mR[ID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: IdentifiedObject

Table 158 shows all association ends of LinearShuntCompensator with other classes.

Table 158 — Association ends of CoreEquipmentProfile::
LinearShuntCompensator with other classes

mult name mult type description

from to

0..* RegulatingControl 0..1 RegulatingControl inherited from: RegulatingCondEq
0..* BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.89 LoadArea

Inheritance path = EnergyArea: IdentifiedObject
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The class is the root or first level in a hierarchical structure for grouping of loads for the purpose
of load flow load scaling.

Table 159 shows all attributes of LoadArea.

Table 159 — Attributes of CoreEquipmentProfile::LoadArea

name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: ldentifiedQhject
name 1.1 String inherited from: IdentifiedObject

5.2.900 LoadBreakSwitch

Inhgritance  path =  ProtectedSwitch: Switch: ConductingEquiprment: Equipmient:
PowerSystemResource: IdentifiedObject

A mechanical switching device capable of making, carrying, and breaking currents under nogmal
operating conditions.

Table 160 shows all attributes of LoadBreakSwitch.

Table 160 — Attributes of CoreEquipmentProfile::LoadBreakSwitch

name mult type description
normalOpen 1.1 Boolean inherited from: Switch
rat¢dCurrent 0..1 CurrentFlow inherited from: Switch
retgined 1.1 Boolean inherited from: Switch
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 301 String inherited from: IdentifiedObject

Table 161 shows all association ends of LoadBreakSwitch with other classes.

Table 161 — Association ends of CoreEquipmentProfile::
LoadBreakSwitch with other classes

mult name mult type description

from to

0..* BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.91 (abstract) LoadGroup

Inheritance path = IdentifiedObject

The class is the third level in a hierarchical structure for grouping of loads for the purpose of
load flow load scaling.
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Table 162 shows all attributes of LoadGroup.

Table 162 — Attributes of CoreEquipmentProfile::LoadGroup

name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

TabJe 163 shows all association ends of LoadGroup with other classes.

Taple 163 — Association ends of CoreEquipmentProfile::LoadGroup with other’classes

mult name mult type description

from to

1.7 SubLoadArea 1.1 SublLoadArea The SubLoadArea where the Loadgrolip
belongs.

5.2.92 LoadResponseCharacteristic

Inhgritance path = IdentifiedObject

Models the characteristic response of the load demand due to changes in system conditlons
such as voltage and frequency. It is not related toodemand response.

If LoadResponseCharacteristic.exponentMadel is True, the exponential voltage or frequency
dependent models are specified and used. as'to calculate active and reactive power compongnts
of the load model.

The|equations to calculate active ahd reactive power components of the load model are intﬂrnal
to the power flow calculation, hehce they use different quantities depending on the use casle of
the data exchange.

The|equations for exponential voltage dependent load model injected power are:

plnjection = Pnominal* (Voltage/cim:BaseVoltage.nominalVoltage) **
cim:LoadResponseCharacteristic.pVoltageExponent

glnjection = Qnominal* (Voltage/cim:BaseVoltage.nominalVoltage) **
cim:LoadResponseCharacteristic.qVoltageExponent

where:

1) * means "multiply" and ** is "raised to power of";

2) Pnominal and Qnominal represent the active power and reactive power at nominal voltage
as any load described by the voltage exponential model shall be given at nominal voltage.
This means that EnergyConsumer.p and EnergyConsumer.q are at nominal voltage.

3) After power flow is solved:
— plnjection and glnjection correspond to SvPowerflow.p and SvPowerflow.q respectively.
— Voltage corresponds to SvVoltage.v at the TopologicalNode where the load is
connected.

Table 164 shows all attributes of LoadResponseCharacteristic.
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Table 164 — Attributes of CoreEquipmentProfile::LoadResponseCharacteristic

name mult type description

exponentModel 1.1 Boolean Indicates the exponential voltage dependency
model is to be used. If false, the coefficient
model is to be used.
The exponential voltage dependency model
consist of the attributes:
— pVoltageExponent
— qVoltageExponent
— pFrequencyExponent
— gFrequencyExponent.
The coefficient model consist of the.attributes
— pConstantimpedance
— pConstantCurrent
— pConstantPower
— gConstantimpedance
— gConstantCurrent
— gConstantPower.
The sum‘ef pConstantimpedance,
pConstantCurrent and pConstantPower shall
equall .
The sum of gConstantimpedance,
gConstantCurrent and qConstantPower shall
equal 1.

pCénstantCurrent 0..1 Float Portion of active power load modelled as
constant current.

pCéonstantimpedance 0..1 Float Portion of active power load modelled as
constant impedance.

pConstantPower 0..1 Float Portion of active power load modelled as
constant power.

pFrequencyExponent 0..1 Eloat Exponent of per unit frequency effecting active
power.

pVoltageExponent 0.1 Float Exponent of per unit voltage effecting real
power.

gConstantCurrent 0..1 Float Portion of reactive power load modelled as
constant current.

gConstantimpedance 0..1 Float Portion of reactive power load modelled as
constant impedance.

gConstantRower 0..1 Float Portion of reactive power load modelled as
constant power.

gFrequencyExponent 0..1 Float Exponent of per unit frequency effecting reactjve
POWET.

gVoltageExponent 0..1 Float Exponent of per unit voltage effecting reactive
power.

description 0..1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: |dentifiedObject

name 1.1 String inherited from: IdentifiedObject

5.2.93 NonConformLoad

Inheritance path = EnergyConsumer: EnergyConnection: ConductingEquipment: Equipment:
PowerSystemResource: IdentifiedObject
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NonConformLoad represents loads that do not follow a daily load change pattern and whose
changes are not correlated with the daily load change pattern.

Table 165 shows all attributes of NonConformLoad.

Table 165 — Attributes of CoreEquipmentProfile::NonConformLoad

name mult type description
pfixed 0..1 ActivePower inherited from: EnergyConsumer
pfixedPct 01 PerCent inherited from: EnergyConsumer
gfixed 0..1 ReactivePower inherited from: EnergyConsumer
gfixedPct 0..1 PerCent inherited from: EnergyConsumer
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: |dentified @bject
mR[ID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 166 shows all association ends of NonConformLoad, with’ other classes.

Table 166 — Association ends of CoreEquipmentProfile::
NonConformLoad with other classes

mult name mult type description

from to

1.7 LoadGroup 1.1 NonConfermLoadGroup Group of this ConformLoad.

0..7 LoadResponse 0.1 !_c:?dResponseCharacter inherited from: EnergyConsumer
istic

0..7 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment

0..1 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.94 NonConformkoeadGroup

Inhgritance path = 'LoadGroup: IdentifiedObject

Loafs that doynot follow a daily and seasonal load variation pattern.

Table67 shows all attributes of NonConformLoadGroup.

Table 167 — Attributes of CoreEquipmentProfile::NonConformLoadGroup

name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 168 shows all association ends of NonConformLoadGroup with other classes.
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Table 168 — Association ends of CoreEquipmentProfile::
NonConformLoadGroup with other classes

mult name mult type description
from to
1..% SublLoadArea 1.1 SublLoadArea inherited from: LoadGroup

5.2.95 NonConformLoadSchedule

Inheritance path = SeasonDayTypeSchedule: RegularintervalSchedule: BasiclntervalSchedule:
IdentifiedObject

An xctive power (Y1-axis) and reactive power (Y2-axis) schedule (curves) versus time (X-gxis)
for pon-conforming loads, e.g., large industrial load or power station service (whéere’modelled).

Table 169 shows all attributes of NonConformLoadSchedule.

Table 169 — Attributes of CoreEquipmentProfile::NonConformlLoadSchedule

name mult type description
timeStep 1.1 Seconds inherited{from” RegularintervalSchedule
endTime 1.1 DateTime inherited from: RegularintervalSchedule
staftTime 1.1 DateTime inhérited from: BasiclntervalSchedule
vallie1Unit 1.1 UnitSymbol inherited from: BasiclntervalSchedule
valfe2Unit 0..1 UnitSymbol inherited from: BasiclntervalSchedule
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 170 shows all association‘€énds of NonConformLoadSchedule with other classes.

Table 170 — Association ends of CoreEquipmentProfile::
NonConformLoadSchedule with other classes

mult name mult type description
from to

@

0..71 NonCohformLoadGroup 1.1 NonConformLoadGroup The NonConformLoadGroup where th
NonConformLoadSchedule belongs.

0..7 DayType 1.1 DayType inherited from: SeasonDayTypeSchedlule

0..1 Season

1
jiN

Season inhoritodfrom+SeasonbDayTypeSchedule

5.2.96 NonlinearShuntCompensator

Inheritance path = ShuntCompensator: RegqulatingCondEq: EnergyConnection:
ConductingEquipment: Equipment: PowerSystemResource: IdentifiedObject

A non linear shunt compensator has bank or section admittance values that differ. The attributes
g, b, g0 and b0 of the associated NonlinearShuntCompensatorPoint describe the total
conductance and admittance of a NonlinearShuntCompensatorPoint at a section number
specified by NonlinearShuntCompensatorPoint.sectionNumber.

Table 171 shows all attributes of NonlinearShuntCompensator.
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name mult type description
aVRDelay 0..1 Seconds inherited from: ShuntCompensator
grounded 0..1 Boolean inherited from: ShuntCompensator
maximumSections 1.1 Integer inherited from: ShuntCompensator
nomU 1.1 Voltage inherited from: ShuntCompensator
normalSections 1.1 Integer inherited from: ShuntCompensator
voltageSensitivity 0.1 VoltagePerReactivePow | inherited from: ShuntCompensator

er

agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentified@bject

TabJe 172 shows all association ends of NonlinearShuntCompensator with other classes.

Table 172 — Association ends of CoreEquipmentProfile::
NonlinearShuntCompensator with other classes

mult
from

name

mult
to

type

description

0..1 RegulatingControl

0..1 RegulatingControl

inherited from: RegulatingCondEq

0..7 BaseVoltage

0..1 BaseVoltage

inherited from: ConductingEquipment

0..71 EquipmentContainer

0..1 EquipmentContainer

inherited from: Equipment

5.2.p7

A non

linear shunt compensator

NonlinearShuntCompensatorPoint root class

bank or section admittance value. The numbel
NonlinearShuntCompenstorPoint instances associated with a NonlinearShuntCompens
shall be equal to ShuntCompensator.maximumSections. ShuntCompensator.sections shall

of
ator
bnly

be get to one of the NonlinearShuntCompenstorPoint.sectionNumber. There is no interpolation
between NonlinearShuntCompenstorPoint-s.

Table 173 shews all attributes of NonlinearShuntCompensatorPoint.

Tlable-173 — Attributes of CoreEquipmentProfile::NonlinearShuntCompensatorPoin

name mult type description
b 1.1 Susceptance Positive sequence shunt (charging) susceptance
per section.
g 1.1 Conductance Positive sequence shunt (charging) conductance
per section.
sectionNumber 1.1 Integer The number of the section.

Table 174 shows all association ends of NonlinearShuntCompensatorPoint with other classes.
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Table 174 — Association ends of CoreEquipmentProfile::
NonlinearShuntCompensatorPoint with other classes

mult name mult type description

from to

1..% NonlinearShuntCompens | 1..1 NonlinearShuntCompens | Non-linear shunt compensator owning
ator ator this point.

5.2.98 NuclearGeneratingUnit

Inhgritance path = GeneratingUnit: Equipment: PowerSystemResource: IdentifiedObject

A nliclear generating unit.

Table 175 shows all attributes of NuclearGeneratingUnit.

Table 175 — Attributes of CoreEquipmentProfile::NuclearGeneratingUnit

name mult type description
genControlSource 0..1 GeneratorControlSource | inherited from: GeneratingUnit
goVernorSCD 0..1 PerCent inherited¥rom: GeneratingUnit
longPF 0..1 Float inherited from: GeneratingUnit
makimumAllowableSpinn | 0..1 ActivePower inherited from: GeneratingUnit
ingReserve
maxOperatingP 1.1 ActivePower inherited from: GeneratingUnit
minOperatingP 1.1 ActivePower inherited from: GeneratingUnit

nominalP

ActivePower

inherited from

: GeneratingUnit

rat¢dGrossMaxP

ActivePower

inherited from

: GeneratingUnit

ratgdGrossMinP

ActivePewer

inherited from:

GeneratingUnit

ratgdNetMaxP

ActivePower

inherited from:

GeneratingUnit

0.

0.

0.

0.
shqgrtPF 0..1 Eloat inherited from: GeneratingUnit
staftupCost 0..1 Money inherited from: GeneratingUnit
var|ableCost Qn1 Money inherited from: GeneratingUnit
startupTime 0..1 Seconds inherited from: GeneratingUnit
totglEfficiency 0..1 PerCent inherited from: GeneratingUnit
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
deqcription 0..1 String inherited from: IdentifiedObject
lelu 1 String mherttedfrom: igenttfiedobiect
name 1.1 String inherited from: |dentifiedObject

Table 176 shows all association ends of NuclearGeneratingUnit with other classes.

Table 176 — Association ends of CoreEquipmentProfile::
NuclearGeneratingUnit with other classes

mult name mult type description
from to
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
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5.2.99 (abstract) OperationalLimit

Inheritance path = ldentifiedObject

A value and normal value associated with a specific kind of limit.

The sub class value and normalValue attributes vary inversely to the associated
OperationalLimitType.acceptableDuration (acceptableDuration for short).

If a particular piece of equipment has multiple operational limits of the same kind (apparent
pOWET, CUTTENt, etc.), the mitwith the greatestacceptableDuration snalt have the smaifest]imit
valde and the limit with the smallest acceptableDuration shall have the largest limit valug. It
should be noted that a large current can only be allowed to flow through a piece of €quipment
for @ short duration without causing damage, but a lesser current can be allowed-to flow fpr a
longer duration.

Table 177 shows all attributes of OperationalLimit.

Table 177 — Attributes of CoreEquipmentProfile::OperationalLimit

name mult type description
dedcription 0..1 String inherited4€rom: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inhérited from: IdentifiedObject

Table 178 shows all association ends of OperatiohalLimit with other classes.

Table 178 — Association ends of CoreEquipmentProfile::
Operationalkimit with other classes

mult name muilt type description

from to

1.7 OperationalLimitType 171 OperationalLimitType The limit type associated with this limit.

1.7 OperationalLimitSet 1.1 OperationalLimitSet The limit set to which the limit values
belong.

5.2.100 OperationalLimitSet

Inhgritance.path = IdentifiedObject

A sqzt oflimits associated with equipment. Sets of limits might apply to a specific temperature,
or s€ason for example. A Set of ImItS may contain different severities of limit levels that would
apply to the same equipment. The set may contain limits of different types such as apparent
power and current limits or high and low voltage limits that are logically applied together as a
set.

Table 179 shows all attributes of OperationalLimitSet.
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Table 179 — Attributes of CoreEquipmentProfile::OperationalLimitSet

name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 180 shows all association ends of OperationalLimitSet with other classes.

Table 180 — Association ends of CoreEquipmentProfile::
OperationalLimitSet with other classes

mult name mult type description

from to

0..7 Equipment 0..1 Equipment The equipment to.which the limit set
applies.

0..1 Terminal 1.1 ACDCTerminal The terminal'where the operational linpit
set apply.

5.2.101 OperationalLimitType

Inhgritance path = IdentifiedObject

The|operational meaning of a category of limits.
TabJe 181 shows all attributes of OperationalkimitType.

Table 181 — Attributes of CoreEquipmentProfile::OperationalLimitType

name mult type description

acgeptableDuration 0..1 Seconds The nominal acceptable duration of the limit.
Limits are commonly expressed in terms of the
time limit for which the limit is normally
acceptable. The actual acceptable duration of|
specific limit may depend on other local factors
such as temperature or wind speed. The
attribute has meaning only if the flag
isInfiniteDuration is set to false, hence it shall
not be exchanged when islnfiniteDuration is s¢

[O]

—

to true.
dirgction 1.1 OperationalLimitDirectio The direction of the limit.
nKind
isIrffiniteDuration 1.1 Boolean Defines if the operational limit type has infinitg
duration. Tf true, the Timit has infinite duration. If
false, the limit has definite duration which is
defined by the attribute acceptableDuration.
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject
5.2.102 PetersencCoil
Inheritance path = EarthFaultCompensator: ConductingEquipment: Equipment:

PowerSystemResource: IdentifiedObject
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A variable impedance device normally used to offset line charging during single line faults in an
ungrounded section of network.

Table 182 shows all attributes of PetersenCoil.

Table 182 — Attributes of CoreEquipmentProfile::PetersenCoil

name mult type description
aggregate 0..1 Boolean inherited from: Equipment
norlmnuylnqnmim 01 Roalean inherited from: Equinment
desjcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 183 shows all association ends of PetersenCoil with other classes:

Tahle 183 — Association ends of CoreEquipmentProfile::PetersenCoil with other clas

ses

mult
from

name

mult
to

type

description

0..1 BaseVoltage

0..1 BaseVoltage

inherited from: ConductingEquipment

0..71 EquipmentContainer

0..1 EquipmentContainer

inherited from: Equipment

5.2.103 (abstract) PhaseTapChanger

Inhegritance path = TapChanger: PowerSystemResource: IdentifiedObject

A transformer phase shifting tap medel that controls the phase angle difference across
power transformer and potentially(the active power flow through the power transformer.

phage tap model may also impac¢t the voltage magnitude.

Table 184 shows all attributes of PhaseTapChanger.

Table 184 ~ Attributes of CoreEquipmentProfile::PhaseTapChanger

the
his

name mult type description
highStep 1.1 Integer inherited from: TapChanger
lowfStep 1.1 Integer inherited from: TapChanger
ItcHlag 1.1 Boolean inherited from: TapChanger
neutralStep 1.1 Integer inherited from: TapChanger
neutralU 1.1 Voltage inherited from: TapChanger
normalStep 1.1 Integer inherited from: TapChanger
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 185 shows all association ends of PhaseTapChanger with other classes.
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Table 185 — Association ends of CoreEquipmentProfile::
PhaseTapChanger with other classes

mult name mult type description
from to
0..1 TransformerEnd 1.1 TransformerEnd Transformer end to which this phase tap
changer belongs.
1..% TapChangerControl 0..1 TapChangerControl inherited from: TapChanger
5.2.t64—PtraseTapCirangerAsymmetricat
Inhgritance path = PhaseTapChangerNonLinear: PhaseTapChanger: TapChanger:
PowerSystemResource: |dentifiedObject
Deslcribes the tap model for an asymmetrical phase shifting transformer in which*the differgnce
voltage vector adds to the in-phase winding. The out-of-phase winding is_the/transformer [end
where the tap changer is located. The angle between the in-phase and out-of-phase wind|ngs
is named the winding connection angle. The phase shift depends on beth'the difference vol{age
magnitude and the winding connection angle.
Table 186 shows all attributes of PhaseTapChangerAsymmetrical.
Table 186 — Attributes of CoreEquipmentProfile::PhaseTapChangerAsymmetrical
name mult type description
windingConnectionAngle | 1..1 AngleDegrees The phase angle between the in-phase windinjg
and the out-of -phase winding used for creating
phase shift. The out-of-phase winding producgs
what is known as the difference voltage. Setting
this angle to 90 degrees is not the same as a
symmetrical transformer. The attribute can only
be multiples of 30 degrees. The allowed rangg is
-150 degrees to 150 degrees excluding 0.
volfageStepincrement 1.1 RerCent inherited from: PhaseTapChangerNonLinear
xMax 1.1 Reactance inherited from: PhaseTapChangerNonLinear
xMin 1.1 Reactance (deprecated) inherited from:
PhaseTapChangerNonLinear
highStep 1.1 Integer inherited from: TapChanger
lowfStep 1.1 Integer inherited from: TapChanger
ItcHlag 1.1 Boolean inherited from: TapChanger
neytralStep 1.1 Integer inherited from: TapChanger
nedtrail 1.1 Voltage inherited from: TapChanger
normalStep 1.1 Integer inherited from: TapnChanger
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 187 shows all association ends of PhaseTapChangerAsymmetrical with other classes.
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Table 187 — Association ends of CoreEquipmentProfile::
PhaseTapChangerAsymmetrical with other classes
mult name mult type description
from to
0..1 TransformerEnd 1.1 TransformerEnd inherited from: PhaseTapChanger
1..% TapChangerControl 0..1 TapChangerControl inherited from: TapChanger
5.2.105 PhaseTapChangerLinear
Inhgritance path = PhaseTapChanger: TapChanger: PowerSystemResource: IdentifiedQbjé¢ct
Desicribes a tap changer with a linear relation between the tap step and the (phase angle
diffgrence across the transformer. This is a mathematical model that is an appréoximation pf a
real|phase tap changer.
The|phase angle is computed as stepPhaseShiftincrement times the tap\position.
The|voltage magnitude of both sides is the same.
TabJe 188 shows all attributes of PhaseTapChangerLinear.
Table 188 — Attributes of CoreEquipmentProfile::PhaseTapChangerLinear
name mult type description
stepPhaseShiftincremen | 1..1 AngleDegrees Phase shift per step position. A positive value
t indicates a positive angle variation from the
Terminal at the PowerTransformerEnd, wherg
the TapChanger is located, into the transformer.
The actual phase shift increment might be mofe
accurately computed from the symmetrical or
asymmetrical models or a tap step table lookup if
those are available.
xMax 1.1 Reactance The reactance depends on the tap position
according to a "u" shaped curve. The maximuin
reactance (xMax) appears at the low and high
tap positions. Depending on the "u" curve the
attribute can be either higher or lower than
PowerTransformerEnd.x.
xMin 1.1 Reactance (deprecated) The reactance depends on the tap
position according to a "u" shaped curve. The
minimum reactance (xMin) appears at the mid
tap position. PowerTransformerEnd.x shall be
consistent with PhaseTapChangerLinear.xMin
and PhaseTapChangerNonLinear.xMin. In case
of inconsistency, PowerTransformerEnd.x shajl
be used.
highStep 1.1 Integer inherited from: TapChanger
lowStep 1.1 Integer inherited from: TapChanger
ltcFlag 1.1 Boolean inherited from: TapChanger
neutralStep 1.1 Integer inherited from: TapChanger
neutralU 1.1 Voltage inherited from: TapChanger
normalStep 1.1 Integer inherited from: TapChanger
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject
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Table 189 shows all association ends of PhaseTapChangerLinear with other classes.

Table 189 — Association ends of CoreEquipmentProfile::
PhaseTapChangerLinear with other classes

mult name mult type description

from to

0..1 TransformerEnd 1.1 TransformerEnd inherited from: PhaseTapChanger
1..* TapChangerControl 0..1 TapChangerControl inherited from: TapChanger

5.2.106 (abstract) PhaseTapChangerNonLinear

Inhegritance path = PhaseTapChanger: TapChanger: PowerSystemResource: IdentifiedObj¢

The
This

N4
o
—

non-linear phase tap changer describes the non-linear behaviour of a phase tap chan
is a base class for the symmetrical and asymmetrical phase tap changer models.

detqils of these models can be found in IEC 61970-301.

Table 190 shows all attributes of PhaseTapChangerNonLinear.

Table 190 — Attributes of CoreEquipmentProfile::PhaseTapChangerNonLinear

ger.
The

name mult type description

vol{ageStepincrement 1.1 PerCent The voltage step increment on the out of phase
winding (the PowerTransformerEnd where the
TapChanger is located) specified in percent o
rated voltage of the PowerTransformerEnd. A
positive value means a positive voltage variat{on
from the Terminal at the PowerTransformerEnd,
where the TapChanger is located, into the
transformer.
When the increment is negative, the voltage
decreases when the tap step increases.

xMax 1.1 Reactance The reactance depends on the tap position
according to a "u" shaped curve. The maximuin
reactance (xMax) appears at the low and high
tap positions. Depending on the "u" curve the
attribute can be either higher or lower than
PowerTransformerEnd.x.

xMin 1.1 Reactance (deprecated) The reactance depend on the ta
position according to a "u" shaped curve. The
minimum reactance (xMin) appear at the mid tap
position. PowerTransformerEnd.x shall be
consistent with PhaseTapChangerLinear.xMin
and PhaseTapChangerNonLinear.xMin. In case
of inconsistency, PowerTransformerEnd.x shajl
be used.

highStep 1.1 Integer inherited from: TapChanger

lowStep 1.1 Integer inherited from: TapChanger

ItcFlag 1.1 Boolean inherited from: TapChanger

neutralStep 1.1 Integer inherited from: TapChanger

neutralU 1.1 Voltage inherited from: TapChanger

normalStep 1.1 Integer inherited from: TapChanger

description 0..1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: |dentifiedObject

name 1.1 String inherited from: IdentifiedObject
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le 191 shows all association ends of PhaseTapChangerNonLinear with other classes.

Table 191 — Association ends of CoreEquipmentProfile::
PhaseTapChangerNonLinear with other classes

IEC 61970-452:2021 © |IEC 2021

mult name mult type description

from to

0..1 TransformerEnd 1.1 TransformerEnd inherited from: PhaseTapChanger

1..* TapChangerControl 0..1 TapChangerControl inherited from: TapChanger
5.2.107 PhaseTapChangerSymmetrical
Inhgritance path = PhaseTapChangerNonLinear: PhaseTapChanger: A TapChanger:
PowerSystemResource: IdentifiedObject
Describes a symmetrical phase shifting transformer tap model in which the\woltage magnifude
of hHoth sides is the same. The difference voltage magnitude is the base in an equal-sided
triamgle where the sides corresponds to the primary and secondary yoltages. The phase apgle
diffgrence corresponds to the top angle and can be expressed as twice the arctangent of [half
the fotal difference voltage.

Tab

e 192 shows all attributes of PhaseTapChangerSymmetrical.

Table 192 — Attributes of CoreEquipmentProfile::PhaseTapChangerSymmetrical

name mult type description
vol{ageSteplncrement 1.1 PerCent inherited from: PhaseTapChangerNonLinear
xMax 1.1 Reactance inherited from: PhaseTapChangerNonLinear
xMin 1.1 Reactance (deprecated) inherited from:
PhaseTapChangerNonLinear
highStep 1.1 Integer inherited from: TapChanger
lowfStep 1.1 integer inherited from: TapChanger
ItcHlag 1.1 Boolean inherited from: TapChanger
neytralStep N1 Integer inherited from: TapChanger
neytralU 1.1 Voltage inherited from: TapChanger
normalStep 1.1 Integer inherited from: TapChanger
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 193 shows all association ends of PhaseTapChangerSymmetrical with other classes.

Table 193 — Association ends of CoreEquipmentProfile::
PhaseTapChangerSymmetrical with other classes

mult name mult type description

from to

0..1 TransformerEnd 1.1 TransformerEnd inherited from: PhaseTapChanger
1..* TapChangerControl 0..1 TapChangerControl inherited from: TapChanger
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5.2.108 PhaseTapChangerTable

Inheritance path = IdentifiedObject

Describes a tabular curve for how the phase angle difference and impedance varies with the
tap step.

Table 194 shows all attributes of PhaseTapChangerTable.

Table 194 — Attributes of CoreEquipmentProfile::PhaseTapChangerTable

name mult type description
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject

5.2.109 PhaseTapChangerTablePoint

Inhgritance path = TapChangerTablePoint

Desfcribes each tap step in the phase tap changer tabular curve.
Table 195 shows all attributes of PhaseTapChangerTablePoint.

Table 195 — Attributes of CoreEquipmentProfile::PhaseTapChangerTablePoint

name mult type description
andle 1.1 AngleDegrees The angle difference in degrees. A positive value

indicates a positive angle variation from the
Terminal at the PowerTransformerEnd, wher
the TapChanger is located, into the transformer.

w

b 0..1 PerCent inherited from: TapChangerTablePoint
g 0..1 PerCent inherited from: TapChangerTablePoint
r 0.1 PerCent inherited from: TapChangerTablePoint
ratip 0.1 Float inherited from: TapChangerTablePoint
step 1.1 Integer inherited from: TapChangerTablePoint
X 0..1 PerCent inherited from: TapChangerTablePoint

Table 196 shows all association ends of PhaseTapChangerTablePoint with other classes.

Table 196 — Association ends of CoreEquipmentProfile::
PhaseTapChangerTablePoint with other classes

mult name mult type description
from to

1..% PhaseTapChangerTable 1.1 PhaseTapChangerTable | The table of this point.

5.2.110 PhaseTapChangerTabular

Inheritance path = PhaseTapChanger: TapChanger: PowerSystemResource: IdentifiedObject
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Describes a tap changer with a table defining the relation between the tap step and the phase
angle difference across the transformer.

Table 197 shows all attributes of PhaseTapChangerTabular.

Table 197 — Attributes of CoreEquipmentProfile::PhaseTapChangerTabular

name mult type description
highStep 1.1 Integer inherited from: TapChanger
lowStep 1.1 Integer inherited from: TapChanger
ItcHlag 1.1 Boolean inherited from: TapChanger
neytralStep 1.1 Integer inherited from: TapChanger
nedtralU 1.1 Voltage inherited from: TapChanger
normalStep 1.1 Integer inherited from: TapChanger
degcription 0..1 String inherited from: |dentified @bject
mR[ID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 198 shows all association ends of PhaseTapChangerTabular with other classes.

Table 198 — Association ends of CoreEquipmentProfile::
PhaseTapChangerTabular,with other classes

mult name mult type description

from to

0..71 PhaseTapChangerTable 1.1 PhaseTapChangerTable | The phase tap changer table for this
phase tap changer.

0..1 TransformerEnd 1.1 TransformerEnd inherited from: PhaseTapChanger

1.7 TapChangerControl 0..1 TapChangerControl inherited from: TapChanger

5.2.111 PhotoVoltaicUnit

Inhgritance path = PowerElectronicsUnit: Equipment: PowerSystemResource: IdentifiedObject

A photovoltaic.device or an aggregation of such devices.

Table 199-shows all attributes of PhotoVoltaicUnit.

Table 199 — Attribut f CoreEqui tProfile::PhotoVoltaicUnit

name mult type description
maxP 0..1 ActivePower inherited from: PowerElectronicsUnit
minP 0..1 ActivePower inherited from: PowerElectronicsUnit
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject
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Table 200 shows all association ends of PhotoVoltaicUnit with other classes.

Table 200 — Association ends of CoreEquipmentProfile::
PhotoVoltaicUnit with other classes

mult name mult type description
from to
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.MTZ PostLineSensor

Inhgritance path = Sensor: AuxiliaryEquipment: Equipment: PowerSystemRésource:
IdentifiedObject

A sensor used mainly in overhead distribution networks as the source of-both current jand
voltage measurements.

Table 201 shows all attributes of PostLineSensor.

Table 201 — Attributes of CoreEquipmentProfile::PostLineSensor

name mult type description
aggregate 0..1 Boolean inkerited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject

Tabje 202 shows all association ends of PostLineSensor with other classes.

Table 202 ~-Association ends of CoreEquipmentProfile::
PostLineSensor with other classes

mult name mult type description

from to

0..7 Terminal 1.1 Terminal inherited from: AuxiliaryEquipment
0..1 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.113/PotentialTransformer

Inheritance path = Sensor: AuxiliaryEquipment: Equipment: PowerSystemResource:
IdentifiedObject

Instrument transformer (also known as Voltage Transformer) used to measure electrical
qualities of the circuit that is being protected and/or monitored. Typically used as voltage
transducer for the purpose of metering, protection, or sometimes auxiliary substation supply. A
typical secondary voltage rating would be 120V.

Table 203 shows all attributes of PotentialTransformer.
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Table 203 — Attributes of CoreEquipmentProfile::PotentialTransformer

021

name mult type description
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 204 shows all association ends of PotentialTransformer with other classes.

Table 204 — Association ends of CoreEquipmentProfile::
PotentialTransformer with other classes

mult name mult type description

from to

0..1 Terminal 1.1 Terminal inherited ffom: AuxiliaryEquipment
0..71 EquipmentContainer 0..1 EquipmentContainer inheritedyfrom: Equipment

5.2.114 PowerElectronicsConnection

Inhgritance path = RequlatingCondEq: EnergyConnéction:

ConductingEquipment: Equipmient:

PowerSystemResource: IdentifiedObject

A connection to the AC network for energy production or consumption that uses pdqwer
eledtronics rather than rotating machines.
Table 205 shows all attributes of PowerElectronicsConnection.
Table 205 — Attributes of/CoreEquipmentProfile::PowerElectronicsConnection
name mult type description
maxQ o1 ReactivePower Maximum reactive power limit. This is the
maximum (nameplate) limit for the unit.
minQ 0..1 ReactivePower Minimum reactive power limit for the unit. Thig is
the minimum (nameplate) limit for the unit.
rat¢dS 0..1 ApparentPower Nameplate apparent power rating for the unit.
The attribute shall have a positive value.
ratedd 0..1 Voltage Rated voltage (nameplate data, Ur in IEC 609P9-
0). It is primarily used for short circuit data
exchange according to IEC 60909.
The attribute shall be a positive value.
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 206 shows all association ends of PowerElectronicsConnection with other classes.
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Table 206 — Association ends of CoreEquipmentProfile::
PowerElectronicsConnection with other classes

mult name mult type description

from to

1.1 PowerElectronicsUnit 1.1 PowerElectronicsUnit An AC network connection may have
several power electronics units
connecting through it.

0..* RegulatingControl 0..1 RegulatingControl inherited from: RegulatingCondEq

0..* BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment

0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.115 (abstract) PowerElectronicsUnit

Inhegritance path = Equipment: PowerSystemResource: IdentifiedObject

A generating unit or battery or aggregation that connects to the AC\network using pgwer
eledtronics rather than rotating machines.
Table 207 shows all attributes of PowerElectronicsUnit.
Table 207 — Attributes of CoreEquipmentProfile::PowerElectronicsUnit
name mult type description
maxP 0..1 ActivePower Maximum active power limit. This is the
maximum (nameplate) limit for the unit.
minP 0..1 ActivePower Minimum active power limit. This is the minimyim
(nameplate) limit for the unit.
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String: inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 208 shows all association ends of PowerElectronicsUnit with other classes.

Table 208 — Association ends of CoreEquipmentProfile::

PowerElectronicsUnit with other classes

mult name mult type description
from to
0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.116 PowerElectronicsWindUnit

Inheritance path = PowerElectronicsUnit: Equipment: PowerSystemResource: IdentifiedObject

A wind generating unit that connects to the AC network with power electronics rather than
rotating machines or an aggregation of such units.

Table 209 shows all attributes of PowerElectronicsWindUnit.
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name mult type description
maxP 0..1 ActivePower inherited from: PowerElectronicsUnit
minP 0..1 ActivePower inherited from: PowerElectronicsUnit
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1..1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject
Table 210 shows all association ends of PowerElectronicsWindUnit with other classes.

Table 210 — Association ends of CoreEquipmentProfile::
PowerElectronicsWindUnit with other classes

mult name mult type description

from to

0..1 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment
5.2.117 (abstract) PowerSystemResource
Inhgritance path = IdentifiedObject
A power system resource (PSR) can be an_item of equipment such as a switch, an equipment
container containing many individual items of equipment such as a substation, or| an
organisational entity such as sub-centrol area. Power system resources can Have
megsurements associated.

Tab

e 211 shows all attributes of-PowerSystemResource.

Table 211 — Attributes of CoreEquipmentProfile::PowerSystemResource

name mult type description
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject
5.2.7T1T8 Powerlransformer

Inheritance path = ConductingEquipment: Equipment: PowerSystemResource: IdentifiedObject

An electrical device consisting of two or more coupled windings, with or without a magnetic
core, for introducing mutual coupling between electric circuits. Transformers can be used to
control voltage and phase shift (active power flow).

A power transformer may be composed of separate transformer tanks that need not be identical.

A power transformer can be modelled with or without tanks and is intended for use in both
balanced and unbalanced representations. A power transformer typically has two terminals, but
may have one (grounding), three or more terminals.


https://iecnorm.com/api/?name=fad29634370e156fe69d1695cc384673

IEC 61970-452:2021 © |IEC 2021 - 143 -

The inherited association ConductingEquipment.BaseVoltage should not be used. The
association from TransformerEnd to BaseVoltage should be used instead.

Table 212 shows all attributes of PowerTransformer.

Table 212 — Attributes of CoreEquipmentProfile::PowerTransformer

name mult type description
aggregate 0..1 Boolean inherited from: Equipment
no.—lmnuylnqnmipp 01 Roalean inherited from: Equinment
dechription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 213 shows all association ends of PowerTransformer with other classes.

Table 213 — Association ends of CoreEquipmentProfile::
PowerTransformer with other classes

mult name mult type description

from to

0..1 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..79 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.119 PowerTransformerEnd

Inhgritance path = TransformerEnd: IdentifiedObject

A PpwerTransformerEnd is associated with each Terminal of a PowerTransformer.

The|impedance values r, rQ;-%,and x0 of a PowerTransformerEnd represents a star equivdlent
as fpllows.

1) for a two Terminal~PowerTransformer the high voltage (TransformerEnd.endNumbef=1)
PowerTransformerEnd has non zero values on r, rO, x, and x0 while the low volfage
TransformerEnd.endNumber=2) PowerTransformerEnd has zero values for r, r0, x, and x0.
Parameters-are always provided, even if the PowerTransformerEnds have the same rated
oltage.(In this case, the parameters are provided at the PowerTransformerEnd which[has
[ransfermerEnd.endNumber equal to 1.

2) For‘a three Terminal PowerTransformer the three PowerTransformerEnds represent a [star

+ 1 4 H ol H +lo 4 ol o Tal pu | fal l
cUuUTvVarcimwitircaviT oy 1T uTre Stal TCTPTTOTITICTU UY 1, TU, A, dlTU AU VAaAlutT o,

3) For a three Terminal transformer each PowerTransformerEnd shall have g, g0, b and b0
values corresponding to the no load losses distributed on the three PowerTransformerEnds.
The total no load loss shunt impedances may also be placed at one of the
PowerTransformerEnds, preferably the end numbered 1, having the shunt values on end 1.
This is the preferred way.

4) For a PowerTransformer with more than three Terminals the PowerTransformerEnd
impedance values cannot be used. Instead use the TransformerMeshimpedance or split the
transformer into multiple PowerTransformers.

Each PowerTransformerEnd must be contained by a PowerTransformer. Because a
PowerTransformerEnd (or any other object) can not be contained by more than one parent, a
PowerTransformerEnd can not have an association to an EquipmentContainer (Substation,
VoltagelLevel, etc).
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Table 214 shows all attributes of PowerTransformerEnd.

Table 214 — Attributes of CoreEquipmentProfile::PowerTransformerEnd

021

name mult type description

b 1.1 Susceptance Magnetizing branch susceptance (B mag). The
value can be positive or negative.

connectionKind 0..1 WindingConnection Kind of connection.

ratedS 0..1 ApparentPower Normal apparent power rating.
Fhe-attribtte—shat-be-apositivevatve—oratyo-
winding transformer the values for the highlanld
low voltage sides shall be identical.

g 0..1 Conductance Magnetizing branch conductance.

rat¢dU 1.1 Voltage Rated voltage: phase-phase for, three-phase
windings, and either phase-phasé or phase-
neutral for single-phase windings.

A high voltage side, as given by
TransformerEnd.endNumber, shall have a
ratedU that is greater\than or equal to ratedU for
the lower voltage\sides.

The attribute-shall be a positive value.

r 1.1 Resistance Resistante’ (star-model) of the transformer enfl.
The attribute shall be equal to or greater than
zero for non-equivalent transformers.

X 1.1 Reactance Positive sequence series reactance (star-modgl)
of the transformer end.

endNumber 1.1 Integer inherited from: TransformerEnd

degcription 0..1 String inherited from: IdentifiedObject

mR[ID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: |dentifiedObject

Table 215 shows all association'ends of PowerTransformerEnd with other classes.
Table 215 — Association ends of CoreEquipmentProfile::
PowerTransformerEnd with other classes

mult name mult type description

from to

0..71 PowerTransformer 1.1 PowerTransformer The power transformer of this power

transformer end.

0..7 BaseVoltage 1.1 BaseVoltage inherited from: TransformerEnd

0.. Terminal 1.1 Terminal inherited from: TransformerEnd

5.2.120 (abstract) ProtectedSwitch
Inheritance path = Switch: ConductingEquipment: Equipment: PowerSystemResource:

IdentifiedObject

A ProtectedSwitch is a switching device that can be operated by ProtectionEquipment.

Table 216 shows all attributes of ProtectedSwitch.
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Table 216 — Attributes of CoreEquipmentProfile::ProtectedSwitch

name mult type description
normalOpen 1.1 Boolean inherited from: Switch
ratedCurrent 0..1 CurrentFlow inherited from: Switch
retained 1.1 Boolean inherited from: Switch
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0.1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 217 shows all association ends of ProtectedSwitch with other classest

Table 217 — Association ends of CoreEquipmentProfile::
ProtectedSwitch with other classes

mult name mult type description

from to

0..7 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.121 RatioTapChanger

Inhegritance path = TapChanger: PowerSystémResource: IdentifiedObject

A tap changer that changes the voltage®atio impacting the voltage magnitude but not the phase
angle across the transformer.

Angfle sign convention (general): Positive value indicates a positive phase shift from the winding

whdre the tap is located to the other winding (for a two-winding transformer).

Table 218 shows all @ttributes of RatioTapChanger.

Table'218 — Attributes of CoreEquipmentProfile::RatioTapChanger

name mult type description

stepVoltagelncrement 1.1 PerCent Tap step increment, in per cent of rated voltage
of the power transformer end, per step positiop.
vvher e inuemem ib negdlive, the voltage
decreases when the tap step increases.

highStep 1.1 Integer inherited from: TapChanger

lowStep 1.1 Integer inherited from: TapChanger

ltcFlag 1.1 Boolean inherited from: TapChanger

neutralStep 1.1 Integer inherited from: TapChanger

neutralU 1.1 Voltage inherited from: TapChanger

normalStep 1.1 Integer inherited from: TapChanger

description 0..1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: |dentifiedObject

name 1.1 String inherited from: |dentifiedObject
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Table 219 shows all association ends of RatioTapChanger with other classes.

Table 219 — Association ends of CoreEquipmentProfile::
RatioTapChanger with other classes

mult name mult type description
from to
0..1 TransformerEnd 1.1 TransformerEnd Transformer end to which this ratio tap

changer belongs.

0..* RatioTapChangerTable 0..1 RatioTapChangerTable The tap ratio table for this ratio tap

chanaer
go+-

1.7 TapChangerControl 0..1 TapChangerControl inherited from: TapChanger

5.2.122 RatioTapChangerTable

Inhgritance path = IdentifiedObject

Desgcribes a curve for how the voltage magnitude and impedance varies with the tap step.
TabJe 220 shows all attributes of RatioTapChangerTable.

Table 220 — Attributes of CoreEquipmentProfile::RatioTapChangerTable

name mult type description
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

5.2.123 RatioTapChangerTablePoint

Inhegritance path = TapChangerTablePoint

Describes each tap step in the ratio tap changer tabular curve.
TabJe 221 shows all attributes of RatioTapChangerTablePoint.

Table 221'— Attributes of CoreEquipmentProfile::RatioTapChangerTablePoint

name mult type description
b 0..1 PerCent inherited from: TapChangerTablePoint
g 0.1 PerCent Tnherited from: TapChangerlablePoint
r 0..1 PerCent inherited from: TapChangerTablePoint
ratio 0..1 Float inherited from: TapChangerTablePoint
step 1.1 Integer inherited from: TapChangerTablePoint
X 0..1 PerCent inherited from: TapChangerTablePoint

Table 222 shows all association ends of RatioTapChangerTablePoint with other classes.
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Table 222 — Association ends of CoreEquipmentProfile::
RatioTapChangerTablePoint with other classes

mult name mult type description
from to
1..% RatioTapChangerTable 1.1 RatioTapChangerTable Table of this point.

5.2.124 ReactiveCapabilityCurve

Inheritance pnfh = Curve: Idonfifiodﬁhinhf
Redctive power rating envelope versus the synchronous machine's active power, in(both|the
gengrating and motoring modes. For each active power value there is a corresponding‘high [and
low |reactive power limit value. Typically there will be a separate curve forleach codlant
condlition, such as hydrogen pressure. The Y1 axis values represent reactive_minimum and the
Y2 axis values represent reactive maximum.
Table 223 shows all attributes of ReactiveCapabilityCurve.
Table 223 — Attributes of CoreEquipmentProfile::ReactiveCapabilityCurve
name mult type description

curpeStyle 1.1 CurveStyle inherited from: Curve

xUnit 1.1 UnitSymbol inherited from: Curve

y1Unit 1.1 UnitSymbol inherited from: Curve

y2nit 0..1 UnitSymbol inherited from: Curve

degcription 0..1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: |dentifiedObject

name 1.1 String inherited from: IdentifiedObject
5.2.125 (abstract) RegulatingCondEq
Inheritance path = EnergyConnection: ConductingEquipment: Equipmlent:
PowerSystemResouree: ldentifiedObject
A type of conducting equipment that can regulate a quantity (i.e. voltage or flow) at a specific

point in the network.

TabJe 224,shows all attributes of RegulatingCondEq.

Iable 224 — Attributes of CoreEquipmentProfile::RegulatingCondEq

name mult type description
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 225 shows all association ends of RegulatingCondEq with other classes.
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Table 225 — Association ends of CoreEquipmentProfile::
RegulatingCondEq with other classes

mult name mult type description

from to

0..* RegulatingControl 0..1 RegulatingControl The regulating control scheme in which
this equipment participates.

0..x BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment

0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.126 RegulatingControl

Inhgritance path = PowerSystemResource: IdentifiedObject

Spegifies a set of equipment that works together to control a power systent,quantity such as
voltage or flow.

Remote bus voltage control is possible by specifying the controlled~terminal located at spme
plage remote from the controlling equipment.

The| specified terminal shall be associated with the connectivity node of the controlled pgint.
The| most specific subtype of RegulatingControl shall ‘be* used in case such equipment
parficipate in the control, e.g. TapChangerControl for tap ‘ehangers.

For|flow control, load sign convention is used, “i{e. positive sign means flow out from a
TopplogicalNode (bus) into the conducting equipment.

Thelattribute minAllowedTargetValue and maxAllowedTargetValue are required in the following
cases:

— For a power generating module operated in power factor control mode to specify maximum
bnd minimum power factor values;

— Whenever it is necessary-to have an off center target voltage for the tap changer regulator.

Forlinstance, due to long -cables to off shore wind farms and the need to have a simpler s¢tup
at the off shore transfarmer platform, the voltage is controlled from the land at the connedtion
point for the off shore wind farm. Since there usually is a voltage rise along the cable, thefe is
typical and overvoltage of up 3 to 4 kV compared to the on shore station. Thus in nofmal
operation the tap\changer on the on shore station is operated with a target set point, whigh is
in the lower parts of the dead band.

The| attfibutes minAllowedTargetValue and maxAllowedTargetValue are not related to|the

attributertargetDeadband and thus they are not treated as an alternative of the targetDeadband.
Theymwm—mﬁm—cmﬁmﬁﬁm—w ftati i i ibute

targetDeadband is used to prevent the power flow from move the tap position in circles (hunting)
that is to be wused regardless of the attributes minAllowedTargetValue and
maxAllowedTargetValue.

Table 226 shows all attributes of RegulatingControl.
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Table 226 — Attributes of CoreEquipmentProfile::RegulatingControl

name mult type description
mode 1.1 RegulatingControlMode The regulating control mode presently available.
Kind This specification allows for determining the kind
of regulation without need for obtaining the units
from a schedule.
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 227 shows all association ends of RegulatingControl with other classes.

Table 227 — Association ends of CoreEquipmentProfile::
RegulatingControl with other classes

mult name mult type description
from to
0..71 Terminal 1.1 Terminal The terminal associated with this

regulating control. The terminal is
associated instead of a node, since th
tefminal could connect into either a
topological node or a connectivity nod
Sometimes it is useful to model
regulation at a terminal of a bus bar
object.

[

¢

5.2.127 RegularTimePoint root class

Time point for a schedule where the time:between the consecutive points is constant.

Table 228 shows all attributes of RegularTimePoint.

Table 228 — Attributes of CoreEquipmentProfile::RegularTimePoint

name

mult

type

description

sequenceNumber

1.1

Integer

The position of the regular time point in the
sequence. Note that time points don't have to|be
sequential, i.e. time points may be omitted. TH
actual time for a RegularTimePoint is compute
by multiplying the associated regular interval
schedule's time step with the regular time poij
sequence number and adding the associated
schedules start time. To specify values for thg
start time, use sequence number 0. The

o

=9

o +lo 4
SeguenceTumotT canot ot hegatves

value1

The first value at the time. The meaning of the
value is defined by the derived type of the
associated schedule.

value2

The second value at the time. The meaning of
the value is defined by the derived type of the
associated schedule.

Table 229 shows all association ends of RegularTimePoint with other classes.



https://iecnorm.com/api/?name=fad29634370e156fe69d1695cc384673

- 150 - IEC 61970-452:2021 © |IEC 2021

Table 229 — Association ends of CoreEquipmentProfile::
RegularTimePoint with other classes

mult name mult type description

from to

1..* IntervalSchedule 1.1 RegularintervalSchedule | Regular interval schedule containing this
time point.

5.2.128 (abstract) RegularintervalSchedule

Inhgritance path = BasiclntervalSchedule: IdentifiedObject

The|schedule has time points where the time between them is constant.
Table 230 shows all attributes of RegularintervalSchedule.

Table 230 — Attributes of CoreEquipmentProfile::RegularintervalSchedule

name mult type description

timeStep 1.1 Seconds The time between each pair of subsequent
regular time.points in sequence order.

endTime 1.1 DateTime The time for the last time point. The value can
be a time of day, not a specific date.

staftTime 1.1 DateTime intierited from: BasiclntervalSchedule

vallie1Unit 1.1 UnitSymbol inherited from: BasiclntervalSchedule

valfe2Unit 0..1 UnitSymbol inherited from: BasiclntervalSchedule

degcription 0..1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: |dentifiedObject

name 1.1 String inherited from: |dentifiedObject

5.2.129 ReportingGroup

Inhgritance path = IdentifiedObject

A rgporting group is used for various ad-hoc groupings used for reporting.

TabJe 231 shews all attributes of ReportingGroup.

Table 231 — Attributes of CoreEquipmentProfile::ReportingGroup

TTane mrutt type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject

5.2.130 (abstract) RotatingMachine

Inheritance path = RegqulatingCondEq: EnergyConnection: ConductingEquipment: Equipment:
PowerSystemResource: IdentifiedObject

A rotating machine which may be used as a generator or motor.
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Table 232 shows all attributes of RotatingMachine.

Table 232 — Attributes of CoreEquipmentProfile::RotatingMachine

name mult type description

ratedPowerFactor 0..1 Float Power factor (nameplate data). It is primarily
used for short circuit data exchange according to
IEC 60909. The attribute cannot be a negative
value.

ratedS 0..1 ApparentPower Nameplate apparent power rating for the unit.
The attribute shall have a positive value.

ratedU 0..1 Voltage Rated voltage (nameplate data, Ur in IEC 609P9-
0). It is primarily used for short circuit-data
exchange according to IEC 60909.
The attribute shall be a positiveyvalue.

agdregate 0..1 Boolean inherited from: Equipment

normallylnService 0..1 Boolean inherited from: Equipmeht

degcription 0..1 String inherited from: |dentifiedObject

mRID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited framy IdentifiedObject

TabJe 233 shows all association ends of RotatingMachine with other classes.
Table 233 — Association ends.of CoreEquipmentProfile::
RotatingMachine with other classes

mult name mult type description

from to

1.7 GeneratingUnit 0..1 GéeneratingUnit A synchronous machine may operate ps

a generator and as such becomes a
member of a generating unit.

0..1 RegulatingControl

0..1 RegulatingControl

inherited from: RegulatingCondEq

0..7 BaseVoltage

0..1 BaseVoltage

inherited from: ConductingEquipment

0..1 EquipmentContainer,

0..1 EquipmentContainer

inherited from: Equipment

5.2.131 Seasoh

Inhgritance path = IdentifiedObject

A specified time period of the year.

Table 234 shows all attributes of Season.

Table 234 — Attributes of CoreEquipmentProfile::Season

name mult type description
endDate 1.1 MonthDay Date season ends.
startDate 1.1 MonthDay Date season starts.
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject
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Inheritance path = AuxiliaryEquipment: Equipment: PowerSystemResource: IdentifiedObject

This class describes devices that transform a measured quantity into signals that can be
presented at displays, used in control or be recorded.

Table 235 shows all attributes of Sensor.

Table 235 — Attributes of CoreEquipmentProfile::Sensor

name mult type description
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: |dentifiedObject
mRID 1.1 String inherited from: |dentified@bject
name 1.1 String inherited from: |dentifiedObject

Table 236 shows all association ends of Sensor with other classes.

[able 236 — Association ends of CoreEquipmentProfile::Sensor with other classesg

mult name mult type description

from to

0..1 Terminal 1.1 Terminal inherited from: AuxiliaryEquipment
0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.133 (abstract) SeasonDayTypeSchedule

Inhegritance path = RegularintervalSchedule: BasiclntervalSchedule: IdentifiedObject

A time schedule covering, a-24 hour period, with curve data for a specific type of season

day

Table 237 shows allLattributes of SeasonDayTypeSchedule.

Table\237 — Attributes of CoreEquipmentProfile::SeasonDayTypeSchedule

and

name mult type description
timgStep 1.1 Seconds inherited from: RegularintervalSchedule
endTime 1.1 DateTime inherited from: RegularintervalSchedule
startTime 1.1 DateTime inherited from: BasiclntervalSchedule
value1Unit 1.1 UnitSymbol inherited from: BasiclntervalSchedule
value2Unit 0..1 UnitSymbol inherited from: BasiclntervalSchedule
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 238 shows all association ends of SeasonDayTypeSchedule with other classes.
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Table 238 — Association ends of CoreEquipmentProfile::
SeasonDayTypeSchedule with other classes

mult name mult type description
from to

0..* DayType 1.1 DayType DayType for the Schedule.
0..* Season 1.1 Season Season for the Schedule.

5.2.134 SeriesCompensator

Inhgritance path = ConductingEquipment: Equipment: PowerSystemResource: IdentifiedOhject

A Sleries Compensator is a series capacitor or reactor or an AC transmissionline without
chafging susceptance. It is a two terminal device.

TabJe 239 shows all attributes of SeriesCompensator.

Table 239 — Attributes of CoreEquipmentProfile::SeriesCompensator

name mult type description
r 1.1 Resistance Positivesséquence resistance.
X 1.1 Reactance PositivVe*sequence reactance.
aggregate 0..1 Boolean inferited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Tabje 240 shows all association ends of SeriesCompensator with other classes.

Table 240 —'Association ends of CoreEquipmentProfile::
SeriesCompensator with other classes

mult name mult type description

from to

0..7 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..1 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.435—(abstract) Shunt€Compensator

Inheritance path = RegulatingCondEq: EnergyConnection: ConductingEquipment: Equipment:
PowerSystemResource: IdentifiedObject

A shunt capacitor or reactor or switchable bank of shunt capacitors or reactors. A section of a
shunt compensator is an individual capacitor or reactor. A negative value for bPerSection
indicates that the compensator is a reactor. ShuntCompensator is a single terminal device.
Ground is implied.

Table 241 shows all attributes of ShuntCompensator.
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Table 241 — Attributes of CoreEquipmentProfile::ShuntCompensator

021

name mult type description
aVRDelay 0..1 Seconds An automatic voltage regulation delay
(AVRDelay) which is the time delay from a
change in voltage to when the capacitor is
allowed to change state. This filters out
temporary changes in voltage.
grounded 0..1 Boolean Used for Yn and Zn connections. True if the
neutral is solidly grounded.
maximumSections 1.1 Integer The maximum number of sections that may be
switched in.
nomU 1.1 Voltage The voltage at which the nominal reactive power
may be calculated. This should normally-be
within 10% of the voltage at which the capacitpr
is connected to the network.
normalSections 1.1 Integer The normal number of sections Switched in. The
value shall be between zero\and
ShuntCompensator.maximumSections.
vol{ageSensitivity 0..1 VoltagePerReactivePow | Voltage sensitivity required for the device to
er regulate the bus voltage, in voltage/reactive
power.
agdregate 0..1 Boolean inherited framy Equipment
normallylnService 0..1 Boolean inherited\frem: Equipment
dedcription 0..1 String inherited from: |dentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject
TabJe 242 shows all association ends of ShiintCompensator with other classes.

Table 242 — Association ends of CoreEquipmentProfile::
ShuntCompensator with other classes

mult name mult type description
from to
0..1 RegulatingControl 0..1 RegulatingControl inherited from: RegulatingCondEq
0..7 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.136 ,SolarGeneratingUnit

Inhe

ritance path = GeneratingUnit: Equipment: PowerSystemResource: IdentifiedObject

A solar thermal generating unit, connected to the grid by means of a rotating machine. This
class does not represent photovoltaic (PV) generation.

Table 243 shows all attributes of SolarGeneratingUnit.
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name mult type description
genControlSource 0..1 GeneratorControlSource | inherited from: GeneratingUnit
governorSCD 0..1 PerCent inherited from: GeneratingUnit
longPF 0..1 Float inherited from: GeneratingUnit
maximumAllowableSpinn | 0..1 ActivePower inherited from: GeneratingUnit
ingReserve
maxOperatingP 1.1 ActivePower inherited from: GeneratingUnit
mirfOperatingP 1.1 ActivePower inherited from: GeneratingUnit
norpinalP 0..1 ActivePower inherited from: GeneratingUnit
ratgdGrossMaxP 0..1 ActivePower inherited from: GeneratingUnit
ratgdGrossMinP 0..1 ActivePower inherited from: GeneratingUnit
ratgdNetMaxP 0..1 ActivePower inherited from: GeneratingUnit
shqgrtPF 0..1 Float inherited from: GeneratingUnit
staftupCost 0..1 Money inherited from: GenératingUnit
var|ableCost 0..1 Money inherited from: GenéeratingUnit
startupTime 0..1 Seconds inherited framy GeneratingUnit
totglEfficiency 0..1 PerCent inherited\fram: GeneratingUnit
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 244 shows all association ends of SolarGeneratingUnit with other classes.

Table 244 - Association ends of CoreEquipmentProfile::

SolarGeneratingUnit with other classes

mult name mult type description
from to
0..71 Equipment€ontainer 0..1 EquipmentContainer inherited from: Equipment

5.2.137 ,StaticVarCompensator

Inhgritance path = RegulatingCondEq: EnergyConnection: ConductingEquipment: Equipmient:
PowerSystemResource: IdentifiedObject

A facility for providing variable and controllable shunt reactive power. The SVC typically
consists of a stepdown transformer, filter, thyristor-controlled reactor, and thyristor-switched
capacitor arms.

The SVC may operate in fixed MVar output mode or in voltage control mode. When in voltage
control mode, the output of the SVC will be proportional to the deviation of voltage at the
controlled bus from the voltage setpoint. The SVC characteristic slope defines the proportion.
If the voltage at the controlled bus is equal to the voltage setpoint, the SVC MVar output is zero.

Table 245 shows all attributes of StaticVarCompensator.
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Table 245 — Attributes of CoreEquipmentProfile::StaticVarCompensator

name mult type description

capacitiveRating 1.1 Reactance Capacitive reactance at maximum capacitive
reactive power. Shall always be positive.

inductiveRating 1.1 Reactance Inductive reactance at maximum inductive
reactive power. Shall always be negative.

slope 1.1 VoltagePerReactivePow | The characteristics slope of an SVC defines how

er the reactive power output changes in proportion

to the difference between the regulated bus
voltage and the voltage setpoint.

The attribute shall be a positive value or zerg,
sVEControlMode 0..1 SVCControlMode (deprecated) SVC control mode.
vol{ageSetPoint 0..1 Voltage (deprecated) The reactive power output of the

SVC is proportional to the difference between

the voltage at the regulated bus\and the voltage

setpoint. When the regulated bus voltage is
equal to the voltage setpdint, the reactive power
output is zero.

aggregate 0..1 Boolean inherited from: Equipment

normallylnService 0..1 Boolean inherited from:(Equipment

degcription 0..1 String inherited from; IdentifiedObject

mRID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: IdentifiedObject

Table 246 shows all association ends of StaticVarCompensator with other classes.

Table 246 — Association<ends of CoreEquipmentProfile::
StaticVarCompensator with other classes

mult

name

from

mult
to

type

description

0..1 RegulatingControl

0.1 RegulatingControl

inherited from: RegulatingCondEq

0..1 BaseVoltage

0..1 BaseVoltage

inherited from: ConductingEquipment

0..1 EquipmentContainer

inherited from: Equipment

0..71 EquipmentContainer

5.2.138 StationSupply

Inhgritancé. path = EnergyConsumer: EnergyConnection: ConductingEquipment: Equipmient:
PowerSystemResource: |dentifiedObject

Station supply with Toad derived from the stafion oufput.

Table 247 shows all attributes of StationSupply.
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Table 247 — Attributes of CoreEquipmentProfile::StationSupply

name mult type description
pfixed 0..1 ActivePower inherited from: EnergyConsumer
pfixedPct 0..1 PerCent inherited from: EnergyConsumer
gfixed 0..1 ReactivePower inherited from: EnergyConsumer
gfixedPct 0..1 PerCent inherited from: EnergyConsumer
aggregate 0..1 Boolean inherited from: Equipment
norlmaIIvlnService 0.1 Boolean inherited from: Equipment
desjcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 248 shows all association ends of StationSupply with other classes.

Table 248 — Association ends of CoreEquipmentProfile::
StationSupply with other classes

mult name mult type description

from to

0..71 LoadResponse 0..1 LoadResponseCharacter | inherited from: EnergyConsumer
istic

0..7 BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment

0..79 EquipmentContainer 0..1 EquipmentConfainer inherited from: Equipment

5.2.139 SubGeographicalRegion

Inhgritance path = IdentifiedObject

A siibset of a geographical region of a power system network model.
Table 249 shows all attributes of SubGeographicalRegion.

Table 249'-/Attributes of CoreEquipmentProfile::SubGeographicalRegion

name mult type description
dedcriptiofi 0..1 String inherited from: |dentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name T String TAherited from: Identiiiedobject

Table 250 shows all association ends of SubGeographicalRegion with other classes.

Table 250 — Association ends of CoreEquipmentProfile::
SubGeographicalRegion with other classes

mult name mult type description

from to

0..* Region 1.1 GeographicalRegion The geographical region which this sub-
geographical region is within.
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5.2.140 SubLoadArea

Inheritance path = EnergyArea: IdentifiedObject

The class is the second level in a hierarchical structure for grouping of loads for the purpose of
load flow load scaling.

Table 251 shows all attributes of SubLoadArea.

Table 251 — Attributes of CoreEquipmentProfile::SubLoadArea

name mult type description
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 252 shows all association ends of SubLoadArea with other classes.

Table 252 — Association ends of CoreEquipmentProfile::
SubLoadArea with other classes

mult name mult type description

from to

1.7 LoadArea 1.1 LoadArea The LoadArea where the SubLoadArep
belongs.

5.2.141 Substation

Inhgritance path = EquipmentContainer. ConnectivityNodeContainer: PowerSystemResoulrce:
IdentifiedObject

A cpllection of equipment for-purposes other than generation or utilization, through which
eleqtric energy in bulk is passed for the purposes of switching or modifying its characteristics.

Table 253 shows all attributes of Substation.

Table 253 — Attributes of CoreEquipmentProfile::Substation

name mult type description
deqcription 0..1 String inherited from: IdentifiedObject
leID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 254 shows all association ends of Substation with other classes.

Table 254 — Association ends of CoreEquipmentProfile::Substation with other classes

mult name mult type description

from to

0..* Region 1.1 SubGeographicalRegion | The SubGeographicalRegion containing
the substation.
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Inheritance path = AuxiliaryEquipment: Equipment: PowerSystemResource: IdentifiedObject

Shunt device, installed on the network, usually in the proximity of electrical equipment in order
to protect the said equipment against transient voltage transients caused by lightning or

switching activity.

Table 255 shows all attributes of SurgeArrester.

————Table 255 = Attributes of COreEqUIPMENtPTofile TSUTgeATTeSter

name mult type description
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: |dentifiedQbject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 256 shows all association ends of SurgeArrester with.other classes.

Table 256 — Association ends of CoreEquipmentProfile::
SurgeArrester with other classes

mult name mult type description

from to

0..7 Terminal 1.1 Terminal inherited from: AuxiliaryEquipment
0..7 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.143 Switch

Inhgritance path = ConductingEquipment: Equipment: PowerSystemResource: IdentifiedOhject

A ge¢neric device designed to close, or open, or both, one or more electric circuits. All switghes

are [two terminal devices including grounding switches. The ACDCTerminal.connected at|the
two|sides of the\switch shall not be considered for assessing switch connectivity, i.e. pnly
Switch.open, {normalOpen and .locked are relevant.

Table 257, shows all attributes of Switch.

Table 257 — Attributes of CoreEquipmentProfiler:Switch

name

mult

type

description

normalOpen

1.1

Boolean

The attribute is used in cases when no
Measurement for the status value is present. If
the Switch has a status measurement the
Discrete.normalValue is expected to match with
the Switch.normalOpen.

ratedCurrent

CurrentFlow

The maximum continuous current carrying
capacity in amps governed by the device
material and construction.

The attribute shall be a positive value.

retained

Boolean

Branch is retained in the topological solution.
The flow through retained switches will normally
be calculated in power flow.
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name mult type description
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject
Table 258 shows all assaociation ends of Switch with other classes

Table 258 — Association ends of CoreEquipmentProfile::Switch with other classes

mult name mult type description

from to

0..7 BaseVoltage 0..1 BaseVoltage inherited from: ConduetingEquipment
0..1 EquipmentContainer 0..1 EquipmentContainer inherited from:~Equipment

5.2.144 SwitchSchedule

Inhgritance path = SeasonDayTypeSchedule: RegularintervalSchedule: BasiclntervalSchedule:
IdentifiedObject
A st¢hedule of switch positions. If RegularTimePoint.value1 is 0, the switch is open. If 1,|the
swifch is closed.
TabJe 259 shows all attributes of SwitchSchedule.
Table 259 — Attributes of.CoreEquipmentProfile::SwitchSchedule
name mult type description

timeStep 1.1 Seconds inherited from: RegularintervalSchedule

endTime 1.1 DateTime inherited from: RegularintervalSchedule

staftTime ™A DateTime inherited from: BasiclntervalSchedule

vallie1Unit 1.1 UnitSymbol inherited from: BasiclntervalSchedule

vallie2Unit 0..1 UnitSymbol inherited from: BasiclntervalSchedule

degcription 0..1 String inherited from: IdentifiedObject

mR[ID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: IdentifiedObject

Table 260 shows all association ends of SwitchSchedule with other classes.

Table 260 — Association ends of CoreEquipmentProfile::

SwitchSchedule with other classes

mult name mult type description

from to

0..* Switch 1.1 Switch A SwitchSchedule is associated with a
Switch.

0..* DayType 1.1 DayType inherited from: SeasonDayTypeSchedule

0..* Season 1.1 Season inherited from: SeasonDayTypeSchedule
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5.2.145 SynchronousMachine

Inheritance

path =

RotatingMachine:

- 161 -

RegulatingCondEq:

EnergyConnection:

ConductingEquipment: Equipment: PowerSystemResource: ldentifiedObject

An electromechanical device that operates with shaft rotating synchronously with the network.

It is a single machine operating either as a generator or synchronous condenser or pump.

Table 261 shows all attributes of SynchronousMachine.

[ Table 26T — Attributes of CoreEquipmentProfiier-SynchronousiMachine |

Table 262 — Association ends of CoreEquipmentProfile::
SynchronousMachine with other classes

name mult type description

maxQ 0..1 ReactivePower Maximum reactive power limit. This is the
maximum (nameplate) limit for the unit.

minQ 0..1 ReactivePower Minimum reactive power limit for the unit.

gPg¢rcent 0..1 PerCent Part of the coordinated reactive control that
comes from this machine. The attribute is usef
as a participation factor not necessarily summing
up to 100% for the“participating devices in the
control.

type 1.1 SynchronousMachineKin | Modes that this synchronous machine can

d operate in¢

ratgdPowerFactor 0..1 Float inherited from: RotatingMachine

rat¢dS 0..1 ApparentPower infrerited from: RotatingMachine

ratedU 0..1 Voltage inherited from: RotatingMachine

aggregate 0..1 Boolean inherited from: Equipment

normallylnService 0..1 Boolean inherited from: Equipment

degcription 0..1 String inherited from: IdentifiedObject

mR[ID 1.1 String inherited from: IdentifiedObject

name 1.1 Strind inherited from: |dentifiedObject

Table 262 shows all association ends of SynchronousMachine with other classes.

mult name mult type description

from to

1.7 [nitialReactiveCapability | 0..1 ReactiveCapabilityCurve | The default reactive capability curve fpr
Curve use by a synchronous machine.

1.. GeneratingUnit 0..1 GeneratingUnit inherited from: RotatingMachine

0..* RegulatingControl 0..1 RegulatingControl inherited from: RegulatingCondEq

0..* BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment

0..* EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.146 (abstract) TapChanger

Inheritance path = PowerSystemResource: IdentifiedObject

Mechanism for changing transformer winding tap positions.

Table 263 shows all attributes of TapChanger.
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Table 263 — Attributes of CoreEquipmentProfile::TapChanger

name mult type description

highStep 1.1 Integer Higheslt possible tap step position, advance from
neutral.

The attribute shall be greater than lowStep.

lowStep 1.1 Integer Lowest possible tap step position, retard from
neutral.
ItcFlag 1.1 Boolean Specifies whether or not a TapChanger has load

tap changing capabilities.

neytralStep 1.1 Integer The neutral tap step position for this winding.

The attribute shall be equal to or greaterthan
lowStep and equal or less than highStep:

It is the step position where the voltage is
neutralU when the other terminals-of the

transformer are at the ratedU.Af there are other
tap changers on the transformer those taps are
kept constant at their neutralStep.

nedtralU 1.1 Voltage Voltage at which the winding operates at the
neutral tap setting-{t is the voltage at the
terminal of the(PowerTransformerEnd associafed
with the tap,ehanger when all tap changers on
the transformer are at their neutralStep positid
Normally,netltralU of the tap changer is the sgme
as ratedU of the PowerTransformerEnd, but it
can differ in special cases such as when the
tapping mechanism is separate from the winding
more common on lower voltage transformers.

=}

This attribute is not relevant for
PhaseTapChangerAsymmetrical,
PhaseTapChangerSymmetrical and
PhaseTapChangerLinear.

normalStep 1.1 Integer The tap step position used in "normal” networ|
operation for this winding. For a "Fixed" tap
changer indicates the current physical tap
setting.

The attribute shall be equal to or greater than
lowStep and equal to or less than highStep.

degcription 0..1 String inherited from: |dentifiedObject
mRID 31 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

TabJe 264 shows all association ends of TapChanger with other classes.

Tatrle 264 — Association ends of CoreEquipmentProfile::TapChanger with other clas’fes

mult name mult type description

from to

1..% TapChangerControl 0..1 TapChangerControl The regulating control scheme in which
this tap changer participates.

5.2.147 TapChangerControl

Inheritance path = RegulatingControl: PowerSystemResource: IdentifiedObject

Describes behaviour specific to tap changers, e.g. how the voltage at the end of a line varies
with the load level and compensation of the voltage drop by tap adjustment.
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Table 265 shows all attributes of TapChangerControl.

Table 265 — Attributes of CoreEquipmentProfile::TapChangerControl

name mult type description
mode 1.1 RegulatingControlMode inherited from: RegulatingControl
Kind
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
namre 44 Strimo fhrerited-from—tdentifredObiect

Table 266 shows all association ends of TapChangerControl with other classes.

Table 266 — Association ends of CoreEquipmentProfile;:
TapChangerControl with other classes

mult name mult type description
from to
0..71 Terminal 1.1 Terminal inherited’from: RegulatingControl

5.2.148 (abstract) TapChangerTablePoint root class

Desicribes each tap step in the tabular curve.

Table 267 shows all attributes of TapChangerTablePoint.

Table 267 — Attributes of CoreEquipmentProfile::-TapChangerTablePoint

name

mult

type

description

0..1

PerCent

=)

The magnetizing branch susceptance deviatio
as a percentage of nominal value. The actual
susceptance is calculated as follows:

calculated magnetizing susceptance =

b(nominal) * (1 + b(from this class)/100). The
b(nominal) is defined as the static magnetizing
susceptance on the associated power
transformer end or ends. This model assumes|
the star impedance (pi model) form.

PerCent

=}

The magnetizing branch conductance deviatio
as a percentage of nominal value. The actual
conductance is calculated as follows:

calculated magnetizing conductance =

alnominal* (4 4 alfram thic ~loccoV\/100) Tha
gtheHhat T HeM—tHS6E61a5S)too ) —+h

g(nominal) is defined as the static magnetizing
conductance on the associated power
transformer end or ends. This model assumes
the star impedance (pi model) form.

PerCent

The resistance deviation as a percentage of
nominal value. The actual reactance is
calculated as follows:

calculated resistance = r(nominal) * (1 + r(from
this class)/100). The r(nominal) is defined as the
static resistance on the associated power
transformer end or ends. This model assumes
the star impedance (pi model) form.
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name mult type description

ratio 0..1 Float The voltage at the tap step divided by rated
voltage of the transformer end having the tap
changer. Hence this is a value close to one.

For example, if the ratio at step 1is 1.01, and
the rated voltage of the transformer end is
110kV, then the voltage obtained by setting the
tap changer to step 1 to is 111.1kV.

step 1.1 Integer The tap step.
X 0..1 PerCent The series reactance deviation as a percentage

of nominal value The actual reactance is

calculated as follows:

calculated reactance = x(nominal) * (1 £ (ffor
this class)/100). The x(nominal) is defined as
static series reactance on the assacCjated pow
transformer end or ends. This model’assumes|
the star impedance (pi model) form.

5 =
(]

14
=

5.2.149 Terminal

Inhgritance path = ACDCTerminal: IdentifiedObject

An AC electrical connection point to a piece of conducting eqiipment. Terminals are connec¢ted
at physical connection points called connectivity nodes.

Table 268 shows all attributes of Terminal.

Table 268 — Attributes of CoreEquipmentProfile::Terminal

name mult type description

phgses 0..1 PhaseCode Represents the normal network phasing
condition. If the attribute is missing, three
phases (ABC) shall be assumed, except for
terminals of grounding classes (specializationg
of EarthFaultCompensator, GroundDisconnecf{or,
and Ground) which will be assumed to be N.
Therefore, phase code ABCN is explicitly
declared when needed, e.g. for star point
grounding equipment.

v

The phase code on terminals connecting samg
ConnectivityNode or same TopologicalNode a
well as for equipment between two terminals
shall be consistent.

T

sequenceNumber 1.1 Integer inherited from: ACDCTerminal
deqcription 0..1 String inherited from: |dentifiedObject
mRIID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 269 shows all association ends of Terminal with other classes.
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Table 269 — Association ends of CoreEquipmentProfile::Terminal with other classes

mult name
from

mult type
to

description

0..* ConductingEquipment

1.1 ConductingEquipment

The conducting equipment of the
terminal. Conducting equipment have
terminals that may be connected to other
conducting equipment terminals via
connectivity nodes or topological nodes.

0..* ConnectivityNode

0..1 ConnectivityNode

The connectivity node to which this
terminal connects with zero impedance.

1.7 BusNameMarker

0..1 BusNameMarker

inherited from: ACDCTerminal

5.2.150 ThermalGeneratingUnit

Inhgritance path = GeneratingUnit: Equipment: PowerSystemResource: IdentifiedObject

A géenerating unit whose prime mover could be a steam turbine, combustion turbine, or di

engjne.

Table 270 shows all attributes of ThermalGeneratingUnit.

Table 270 — Attributes of CoreEquipmentProfile::ThermalGeneratingUnit

psel

name mult type description
ger|ControlSource 0..1 GeneratorControlSource | inherited from: GeneratingUnit
goVernorSCD 0..1 PerCent inherited from: GeneratingUnit
longPF 0..1 Float inherited from: GeneratingUnit
maximumAllowableSpinn | 0..1 ActivePower inherited from: GeneratingUnit
ingReserve
makxOperatingP 1.1 ActivePower inherited from: GeneratingUnit
minOperatingP 1.1 ActivePower inherited from: GeneratingUnit
norpinalP 0..1 ActivePower inherited from: GeneratingUnit
ratgdGrossMaxP 0.1 ActivePower inherited from: GeneratingUnit
ratgdGrossMinP 0..1 ActivePower inherited from: GeneratingUnit
ratgdNetMaxP 0..1 ActivePower inherited from: GeneratingUnit
shqgrtPF 0..1 Float inherited from: GeneratingUnit
staftupCost 0..1 Money inherited from: GeneratingUnit
var|ableCost 0..1 Money inherited from: GeneratingUnit
startupTime 0..1 Seconds inherited from: GeneratingUnit
totalEfficiency 0..1 PerCent inherited from: GeneratingUnit
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 271 shows all association ends of ThermalGeneratingUnit with other classes.
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Table 271 — Association ends of CoreEquipmentProfile::
ThermalGeneratingUnit with other classes

mult name mult type description
from to
0..1 CAESPlant 0..1 CAESPlant A thermal generating unit may be a

member of a compressed air energy
storage plant.

0..* CogenerationPlant 0..1 CogenerationPlant A thermal generating unit may be a
member of a cogeneration plant.

0..* CombinedCyclePlant 0.1 CombinedCyvclePlant A th
member of a combined cycle plant.

0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2./151 TieFlow

Inhgritance path = IdentifiedObject

Defilnes the structure (in terms of location and direction) of the net interchange constraint for a
conjrol area. This constraint may be used by either AGC or poweftflow.

Table 272 shows all attributes of TieFlow.

Table 272 — Attributes of CoreEquipmentProfile::TieFlow

name mult type description

poditiveFlowlIn 1.1 Boolean Specifies the sign of the tie flow associated with
a control area. True if positive flow into the
terminal (load convention) is also positive flow
into the control area. See the description of
ControlArea for further explanation of how
TieFlow.positiveFlowlIn is used.

degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 273 shows dll association ends of TieFlow with other classes.

Table 273.< Association ends of CoreEquipmentProfile::TieFlow with other classeg

mult name mult type description

from to

0.. ControlArea T ConirolAtea The control area of the tie TTows.

0..2 Terminal 1.1 Terminal The terminal to which this tie flow
belongs.

5.2.152 (abstract) TransformerEnd

Inheritance path = IdentifiedObject

A conducting connection point of a power transformer. It corresponds to a physical transformer
winding terminal. In earlier CIM versions, the TransformerWinding class served a similar
purpose, but this class is more flexible because it associates to terminal but is not a
specialization of ConductingEquipment.
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Table 274 shows all attributes of TransformerEnd.

Table 274 — Attributes of CoreEquipmentProfile::TransformerEnd

name mult type description

endNumber 1.1 Integer Number for this transformer end, corresponding
to the end's order in the power transformer
vector group or phase angle clock number.
Highest voltage winding should be 1. Each end
within a power transformer should have a unique
subsequent end number. Note the transformer

Bd-—numbern d-naoi-matceh-th toroaina [l
Re—Rufoer+ RoTater—tRe—teHth

sequence number.

degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 275 shows all association ends of TransformerEnd with other classes.

Table 275 — Association ends of CoreEquipmentProfile::
TransformerEnd with other classes

mult name mult type description
from to
0..7 BaseVoltage 1.1 BaseVoltage Base voltage of the transformer end.

This is essential for PU calculation.

0..1 Terminal 1.1 Terminal Terminal of the power transformer to
which this transformer end belongs.

5.2.153 VoltageLevel

Inhgritance path = EquipmentContainer: ConnectivityNodeContainer: PowerSystemResoulrce:
IdentifiedObject

A collection of equipment-at one common system voltage forming a switchgear. The equipment
typically consists of breakers, busbars, instrumentation, control, regulation and protedtion
dev|ces as well as assemblies of all these.

Table 276 showsrall attributes of VoltageLevel.

Table 276 — Attributes of CoreEquipmentProfile::VoltageLevel

name mult type description

highVoltageLimit 0..1 Voltage The bus bar's high voltage limit.

The limit applies to all equipment and nodes
contained in a given VoltageLevel. It is not
required that it is exchanged in pair with
lowVoltageLimit. It is preferable to use
operational VoltageLimit, which prevails, if
present.

lowVoltageLimit 0..1 Voltage The bus bar's low voltage limit.

The limit applies to all equipment and nodes
contained in a given VoltageLevel. It is not
required that it is exchanged in pair with
highVoltageLimit. It is preferable to use
operational VoltageLimit, which prevails, if
present.
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name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 277 shows all association ends of VoltagelLevel with other classes.

Table 277 — Association ends of CoreEquipmentProfile::VoltageLevel with other classes

|
mdlt name
from

mult
to

type

description

0..1 BaseVoltage

1.1 BaseVoltage

The base voltage used for@|l equipmgnt
within the voltage level.

0..71 Substation

1.1 Substation

The substation of thé xoltage level.

5.2.154 VoltageLimit

Inhgritance path = OperationalLimit: IdentifiedObject

Opgrational limit applied to voltage.

The|use of operational VoltageLimit is preferred inst€éad of limits defined at VoltageLevel. [The
operational VoltageLimits are used, if present.

TabJe 278 shows all attributes of VoltageLimit;

Table 278 — Attributes ofiCoreEquipmentProfile::VoltageLimit

name mult type description

normalValue 1.1 Voltage The normal limit on voltage. High or low limit
nature of the limit depends upon the propertiep
of the operational limit type. The attribute shall
be a positive value or zero.

degcription 0.:1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: IdentifiedObject

Tabje 279 shows all association ends of VoltageLimit with other classes.

Table 279 — Association ends of CoreEquipmentProfile::VoltageLimit with other classes

mult name mult type description
from to

1..% OperationalLimitType 1.1 OperationalLimitType inherited from: OperationallLimit
1..% OperationalLimitSet 1.1 OperationalLimitSet inherited from: OperationallLimit

5.2.155 VsCapabilityCurve

Inheritance path = Curve: IdentifiedObject
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The P-Q capability curve for a voltage source converter, with P on X-axis and Qmin and Qmax
on Y1-axis and Y2-axis.

Table 280 shows all attributes of VsCapabilityCurve.

Table 280 — Attributes of CoreEquipmentProfile::VsCapabilityCurve

name mult type description
curveStyle 1.1 CurveStyle inherited from: Curve
xUnit 1.1 nitSymbal inherited from: Curve
y1Unit 1.1 UnitSymbol inherited from: Curve
y2nit 0..1 UnitSymbol inherited from: Curve
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentified @bject
5.2.156 VsConverter
Inhgritance path = ACDCConverter: ConductingEquipment: Equipmient:

PowerSystemResource: |dentifiedObject

DC

side of the voltage source converter (VSC).

Table 281 shows all attributes of VsConverter.

Table 281 — Attributes of CoreEquipmentProfile::VsConverter

name mult type description
maxModulationlndex 0..1 Float The maximum quotient between the AC
converter voltage (Uc) and DC voltage (Ud). A
factor typically less than 1. It is converter’s
configuration data used in power flow.
badeS 0.1 ApparentPower inherited from: ACDCConverter
idldLoss 0.:1 ActivePower inherited from: ACDCConverter
maxUDC 0..1 Voltage inherited from: ACDCConverter
minuUDC 0..1 Voltage inherited from: ACDCConverter
numberOfValves 0..1 Integer inherited from: ACDCConverter
ratgdUDC 0..1 Voltage inherited from: ACDCConverter
res|stivel.oss 0..1 Resistance inherited from: ACDCConverter
switchinglLoss 0..1 ActivePowerPerCurrentE | inherited from: ACDCConverter
low
valveU0 0..1 Voltage inherited from: ACDCConverter
maxP 0..1 ActivePower inherited from: ACDCConverter
minP 0..1 ActivePower inherited from: ACDCConverter
aggregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject
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Table 282 shows all association ends of VsConverter with other classes.

Table 282 — Association ends of CoreEquipmentProfile::VsConverter with other classes

mult name mult type description

from to

0..* CapabilityCurve 0..1 VsCapabilityCurve Capability curve of this converter.
0..x PccTerminal 0..1 Terminal inherited from: ACDCConverter

0..* BaseVoltage 0..1 BaseVoltage inherited from: ConductingEquipment
0..9 EquipmentContaimer 64 EquipmrentContaimer frhrerited-from—TEguiprent

5.2.157 WaveTrap

Inhgritance path = AuxiliaryEquipment: Equipment: PowerSystemResource: ldertifiedObje

Ling

negligible impedance at the main power frequency.

Table 283 shows all attributes of WaveTrap.

traps are devices that impede high frequency power line carrier.signals yet prese

Table 283 — Attributes of CoreEquipmentProfile::WaveTrap

name mult type description
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

TabJe 284 shows all association’ends of WaveTrap with other classes.

Table 284 — Association ends of CoreEquipmentProfile::WaveTrap with other classés

mult name mult type description

from to

0..1 Terminal 1.1 Terminal inherited from: AuxiliaryEquipment
0..71 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.158 WindGeneratingUnit

Inheritance path = GeneratingUnit: Equipment: PowerSystemResource: IdentifiedObject

A wind driven generating unit, connected to the grid by means of a rotating machine. May be
used to represent a single turbine or an aggregation.

Table 285 shows all attributes of WindGeneratingUnit.
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Table 285 — Attributes of CoreEquipmentProfile::WindGeneratingUnit

name mult type description
windGenUnitType 1.1 WindGenUnitKind The kind of wind generating unit.
genControlSource 0..1 GeneratorControlSource | inherited from: GeneratingUnit
governorSCD 0..1 PerCent inherited from: GeneratingUnit
longPF 0..1 Float inherited from: GeneratingUnit
maximumAllowableSpinn | 0..1 ActivePower inherited from: GeneratingUnit
ingReserve
maxOperatingP 1.1 ActivePower inherited from: GeneratingUnit
minOperatingP 1.1 ActivePower inherited from: GeneratingUnit

norpinalP

ActivePower

inherited from:

GeneratingUnit

ratgdGrossMaxP

ActivePower

inherited from:

GeneratingUnit

rat¢dGrossMinP

ActivePower

inherited from:

GeneratingUnit

ratgdNetMaxP

ActivePower

inherited from

: GeneratingUnit

0.

0.

0.

0.
shqgrtPF 0..1 Float inherited from: GenératingUnit
staftupCost 0..1 Money inherited from: GenéeratingUnit
var|ableCost 0..1 Money inherited framy GeneratingUnit
startupTime 0..1 Seconds inherited\fram: GeneratingUnit
totglEfficiency 0..1 PerCent inherited from: GeneratingUnit
agdregate 0..1 Boolean inherited from: Equipment
normallylnService 0..1 Boolean inherited from: Equipment
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

TabJe 286 shows all association,ehds of WindGeneratingUnit with other classes.

Table 286.- Association ends of CoreEquipmentProfile::

WindGeneratingUnit with other classes

mult name mult type description
from to
0..7 EquipmentContainer 0..1 EquipmentContainer inherited from: Equipment

5.2.159 ,ControlAreaTypeKind enumeration

The type of control area.

Table 287 shows all literals of ControlAreaTypeKind.

Table 287 — Literals of CoreEquipmentProfile::ControlAreaTypeKind

literal value description
AGC Used for automatic generation control.
Forecast Used for load forecast.

Interchange

Used for interchange specification or control.
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Monetary currencies. ISO 4217 standard including 3-character currency code.

Table 288 shows all literals of Currency.

Table 288 — Literals of CoreEquipmentProfile::Currency

literal value description

AED 784 United Arab Emirates dirham.

AFIN 971 Afghan afghani.

ALl 008 Albanian lek.

AMpD 051 Armenian dram.

ANG 532 Netherlands Antillean guilder.

AOA 973 Angolan kwanza.

ARP 032 Argentine peso.

AUD 036 Australian dollar.

AWG 533 Aruban florin.

AZIN 944 Azerbaijani'manat.

BAM 977 Bosnia ,and’Herzegovina convertible mark.

BBD 052 Barbados dollar.

BDT 050 Bangladeshi taka.

BGN 975 Bulgarian lev.

BHP 048 Bahraini dinar.

BIF 108 Burundian franc.

BMp 060 Bermudian dollar (customarily known as
Bermuda dollar).

BND 096 Brunei dollar.

BOB 068 Boliviano.

BOV 984 Bolivian Mvdol (funds code).

BRL 986 Brazilian real.

BSD 044 Bahamian dollar.

BTN 064 Bhutanese ngultrum.

BWP 072 Botswana pula.

BYR 974 Belarusian ruble.

BZID 084 Belize dollar.

CAp 124 Canadian dollar.

CDF 976 Congolese franc.

CHF 756 Swiss franc.

CLF 990 Unidad de Fomento (funds code), Chile.

CLP 152 Chilean peso.

CNY 156 Chinese yuan.

COP 170 Colombian peso.

Ccou 970 Unidad de Valor Real.

CRC 188 Costa Rican colon.

cucC 931 Cuban convertible peso.

CUP 192 Cuban peso.
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literal value description

CVE 132 Cape Verde escudo.
CzK 203 Czech koruna.
DJF 262 Djiboutian franc.
DKK 208 Danish krone.
DOP 214 Dominican peso.
DzD 012 Algerian dinar.
EEK 233 Estonian kroon.
EGP 818 Egyptian pound.
ERN 232 Eritrean nakfa.
ETB 230 Ethiopian birr.
EUR 978 Euro.
FJO 242 Fiji dollar.
FKP 238 Falkland Islands pound.
GBP 826 Pound sterling.
GEL 981 Georgian lari.
GHB 936 Ghanaian cedi.
GIH 929 Gibraltarpeund.
GMD 270 Gambian dalasi.
GNF 324 Guinean franc.
GTR 320 Guatemalan quetzal.
GYDP 328 Guyanese dollar.
HKDP 344 Hong Kong dollar.
HNL 340 Honduran lempira.
HRK 191 Croatian kuna.
HTEG 332 Haitian gourde.
HUF 348 Hungarian forint.
IDR 360 Indonesian rupiah.
ILS 376 Israeli new sheqel.
INR 356 Indian rupee.
QL 368 Iraqi dinar.
IRR 364 Iranian rial.
ISK 352 Icelandic krona.
JMD 388 Jamaican dollar.
Jom 400 lordanian dinar
JPY 392 Japanese yen.
KES 404 Kenyan shilling.
KGS 417 Kyrgyzstani som.
KHR 116 Cambodian riel.
KMF 174 Comoro franc.
KPW 408 North Korean won.
KRW 410 South Korean won.
KWD 414 Kuwaiti dinar.
KYD 136 Cayman Islands dollar.
KZT 398 Kazakhstani tenge.
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literal value description
LAK 418 Lao kip.
LBP 422 Lebanese pound.
LKR 144 Sri Lanka rupee.
LRD 430 Liberian dollar.
LSL 426 Lesotho loti.
LTL 440 Lithuanian litas.
LVL 428 Latvian lats.
LYD 434 Libyan dinar.
MAD 504 Moroccan dirham.
MDL 498 Moldovan leu.
MGA 969 Malagasy ariary.
MKP 807 Macedonian denar.
MMK 104 Myanma kyat.
MNIT 496 Mongolian tugrik.
MOP 446 Macanese pataea.
MRO 478 Mauritanian( oyguiya.
MUR 480 Mauritian\rdpee.
MVR 462 Maldivian rufiyaa.
MWK 454 Malawian kwacha.
MXN 484 Mexican peso.
MYR 458 Malaysian ringgit.
MZN 943 Mozambican metical.
NAD 516 Namibian dollar.
NGN 566 Nigerian naira.
NId 558 Cordoba oro.
NOK 578 Norwegian krone.
NPR 524 Nepalese rupee.
NZDp 554 New Zealand dollar.
OMR 512 Omani rial.
PAB 590 Panamanian balboa.
PEN 604 Peruvian nuevo sol.
PGK 598 Papua New Guinean kina.
PHP 608 Philippine peso.
PKR 586 Pakistani rupee
PLN 985 Polish zloty.
PYG 600 Paraguayan guarani.
QAR 634 Qatari rial.
RON 946 Romanian new leu.
RSD 941 Serbian dinar.
RUB 643 Russian rouble.
RWF 646 Rwandan franc.
SAR 682 Saudi riyal.
SBD 090 Solomon Islands dollar.
SCR 690 Seychelles rupee.
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literal value description
SDG 938 Sudanese pound.
SEK 752 Swedish krona/kronor.
SGD 702 Singapore dollar.
SHP 654 Saint Helena pound.
SLL 694 Sierra Leonean leone.
SOS 706 Somali shilling.
SRD 968 Surinamese dollar.
STD 678 S&o Tomé and Principe dobra.
SYP 760 Syrian pound.
Ky4 748 Lilangeni.
THB 764 Thai baht.
TJY 972 Tajikistani somoni.
TM[ 934 Turkmenistani manat.
TND 788 Tunisian dinar.
TOP 776 Tongan pa'anga.
TR 949 Turkish liraf
TTDH 780 Trinidad“and Tobago dollar.
TWD 901 New Taiwan dollar.
TZ4 834 Tanzanian shilling.
UAH 980 Ukrainian hryvnia.
UGK 800 Ugandan shilling.
usp 840 United States dollar.
uyp 858 Uruguayan peso.
uzg 860 Uzbekistan som.
VEF 937 Venezuelan bolivar fuerte.
VND 704 Vietnamese Dong.
vuy 548 Vanuatu vatu.
WST 882 Samoan tala.
XAF 950 CFA franc BEAC.
XCDb 951 East Caribbean dollar.
XOF 952 CFA Franc BCEAO.
XPF 953 CFP franc.
YER 886 Yemeni rial.
ZAR 71Q South African rand
ZMK 894 Zambian kwacha.
ZWL 932 Zimbabwe dollar.

5.2.161 CurveStyle enumeration

Style or shape of curve.

Table 289 shows all literals of CurveStyle.
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Table 289 - Literals of CoreEquipmentProfile::CurveStyle

literal value description

constantYValue The Y-axis values are assumed constant until
the next curve point and prior to the first curve
point.

straightLineYValues The Y-axis values are assumed to be a straight
line between values. Also known as linear
interpolation.

5.2.162 DCConverterOperatingModeKind enumeration

The|operating mode of an HVDC bipole.
TabJe 290 shows all literals of DCConverterOperatingModeKind.

Table 290 — Literals of CoreEquipmentProfile::DCConverterOperatingModeKind

literal value description
bipplar Bipolar operatign.
mohopolarMetallicReturn Monopolaf ,Opération with metallic return.
mohopolarGroundReturn Monopelar operation with ground return.

5.2.163 DCPolarityKind enumeration

Polarity for DC circuits.
Table 291 shows all literals of DCPolarityKind.

Table 291 — Literals-of CoreEquipmentProfile::DCPolarityKind

literal value description

poditive Positive pole. The converter terminal is intended
to operate at a positive voltage relative the
midpoint or negative terminal.

middle Middle pole. The converter terminal is the
midpoint in a bipolar or symmetric monopole
configuration. The midpoint can be grounded
and/or have a metallic return.

nedative Negative pole. The converter terminal is
intended to operate at a negative voltage rela
the midpoint or positive terminal.

ve

5.2.164 FuelType enumeration

Type of fuel.

Table 292 shows all literals of FuelType.
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Table 292 — Literals of CoreEquipmentProfile::FuelType

literal value description

coal Generic coal, not including lignite type.

oil Oil.

gas Natural gas.

lignite The fuel is lignite coal. Note that this is a special
type of coal, so the other enum of coal is
reserved for hard coal types or if the exact type
of coal is not known.

hardCoal Hard coal.

oilghale Oil Shale.

brojwnCoallLignite Brown coal lignite.

codlDerivedGas Coal derived gas.

pedt Peat.

other Any fuel type not included-in the rest of the
enumerated value.

5.2.165 GeneratorControlSource enumeration

The

Tab

source of controls for a generating unit.

e 293 shows all literals of GeneratorControlSouree.

Table 293 — Literals of CoreEquipmentProfile::GeneratorControlSource

literal value description
ungvailable Not available.
offAGC Off of automatic generation control (AGC).
onAGC On automatic generation control (AGC).
plaptControl Plant is controlling.
5.2.166 HydroEnergyConversionKind enumeration

Spe

Tab

e 294 shows all literals of HydroEnergyConversionKind.

Table 294 — Literals of CoreEquipmentProfile::HydroEnergyConversionKind

cifies the capability of the hydro generating unit to convert energy as a generator or pymp.

literal

value

description

generator Able to generate power, but not able to pump
water for energy storage.
pumpAndGenerator Able to both generate power and pump water for

energy storage.

5.2.167 HydroPlantStorageKind enumeration

The

type of hydro power plant.

Table 295 shows all literals of HydroPlantStorageKind.
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Table 295 — Literals of CoreEquipmentProfile::HydroPlantStorageKind

literal value description
runOfRiver Run of river.
pumpedStorage Pumped storage.
storage Storage.

5.2.168 HydroTurbineKind enumeration

TypE of turbine.
TabJe 296 shows all literals of HydroTurbineKind.

Table 296 — Literals of CoreEquipmentProfile::HydroTurbineKind

literal value description
francis Francis.
pelfon Pelton.
kaglan Kaplan.

5.2.169 OperationalLimitDirectionKind enumeration

The|direction attribute describes the side of a limijt'that is a violation.
Table 297 shows all literals of OperationalLingitDirectionKind.

Table 297 — Literals of CoreEquipmentProfile::OperationalLimitDirectionKind

literal value description

high High means that a monitored value above the
limit value is a violation. If applied to a termina
flow, the positive direction is into the terminal

low| Low means a monitored value below the limit
a violation. If applied to a terminal flow, the
positive direction is into the terminal.

[

abgoluteValue An absoluteValue limit means that a monitoredl
absolute value above the limit value is a
violation.

5.2.170”PhaseCode enumeration

An unordered enumeration of phase identifiers. Allows designation of phases for both
transmission and distribution equipment, circuits and loads. The enumeration, by itself, does
not describe how the phases are connected together or connected to ground. Ground is not
explicitly denoted as a phase.

Residential and small commercial loads are often served from single-phase, or split-phase,
secondary circuits. For the example of s12N, phases 1 and 2 refer to hot wires that are 180
degrees out of phase, while N refers to the neutral wire. Through single-phase transformer
connections, these secondary circuits may be served from one or two of the primary phases A,
B, and C. For three-phase loads, use the A, B, C phase codes instead of s12N.

The integer values are from IEC 61968-9 to support revenue metering applications.
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Table 298 shows all literals of PhaseCode.
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Table 298 — Literals of CoreEquipmentProfile::PhaseCode

literal value description

ABCN 225 Phases A, B, C, and N.

ABC 224 Phases A, B, and C.

ABN 193 Phases A, B, and neutral.

ACN 41 Phases A, C and neutral.

BCN 97 Phases B, C, and neutral.

AB 132 Phases A and B.

AC 96 Phases A and C.

BC 66 Phases B and C.

AN 129 Phases A and neutral.

BN 65 Phases B and neutral,

CN 33 Phases C and neutral\

A 128 Phase A.

B 64 Phase B.

C 32 Phase.C:

N 16 Neutral phase.

s1N 528 Secondary phase 1 and neutral.

s2N 272 Secondary phase 2 and neutral.

s12N 784 Secondary phases 1, 2, and neutral.

s1 512 Secondary phase 1.

s2 256 Secondary phase 2.

s12 768 Secondary phase 1 and 2.

norle 0 No phases specified.

X 1024 Unknown non-neutral phase.

XY 3072 Two unknown non-neutral phases.

XN 1040 Unknown non-neutral phase plus neutral.

XYN 3088 Two unknown non-neutral phases plus neutral.
5.2.171 RegulatingControlModeKind enumeration
The| kind_of regulation model. For example regulating voltage, reactive power, active poywer,
etc.

Table 299 shows all literals of RegulatingControlIModeKind.
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Table 299 - Literals of CoreEquipmentProfile::RegulatingControlModeKind

literal value description

voltage Voltage is specified.

activePower Active power is specified.

reactivePower Reactive power is specified.

currentFlow Current flow is specified.

admittance Admittance is specified.

timeScheduled Control switches on/off by time of day. The times
may change on the weekend, or in different
seasons.

temperature Control switches on/off based on the focal
temperature (i.e., a thermostat).

powWerFactor Power factor is specified.

5.2.172 SynchronousMachineKind enumeration

Syngchronous machine type.
TabJe 300 shows all literals of SynchronousMachineKind.

Table 300 — Literals of CoreEquipmentProfile::SynchronousMachineKind

literal value description

generator Indicates the synchronous machine can operage
as a generator.

corldenser Indicates the synchronous machine can operate
as a condenser.

gerleratorOrCondenser Indicates the synchronous machine can operate
as a generator or as a condenser.

motor Indicates the synchronous machine can operate
as a motor.

generatorOrMotor Indicates the synchronous machine can operage

as a generator or as a motor.

motorOrCondenser Indicates the synchronous machine can operate
as a motor or as a condenser.

gerleratorOrCondenserOrMotor Indicates the synchronous machine can operate
as a generator or as a condenser or as a motgr.

5.2.173 ,(deprecated) SVCControlMode enumeration

Static VAr Compensator control mode.
Table 301 shows all literals of SVCControlMode.

Table 301 — Literals of CoreEquipmentProfile::SVCControlMode

literal value description

reactivePower Reactive power control.

voltage Voltage control.
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5.2.174 UnitMultiplier enumeration

The unit multipliers defined for the CIM. When applied to unit symbols, the unit symbol is treated
as a derived unit. Regardless of the contents of the unit symbol text, the unit symbol shall be
treated as if it were a single-character unit symbol. Unit symbols should not contain multipliers,
and it should be left to the multiplier to define the multiple for an entire data type.

For example, if a unit symbol is "m2Pers" and the multiplier is "k", then the value is k(m**2/s),
and the multiplier applies to the entire final value, not to any individual part of the value. This
can be conceptualized by substituting a derived unit symbol for the unit type. If one imagines
that the symbol "b" represents the derived unit "m2Pers", then applying the multiplier "k" can
be gonceptualized simply as "kp".

Forlexample, the Sl unit for mass is "kg" and not "g". If the unit symbol is defined as ['kg", then
the multiplier is applied to "kg" as a whole and does not replace the "k" in front of the "gl. In
this|case, the multiplier of "m" would be used with the unit symbol of "kg" to represent one gram.
As g text string, this violates the instructions in IEC 80000-1. However, because the unit symbol
in CIM is treated as a derived unit instead of as an Sl unit, it makes more sense to conceptuglize
the ['kg" as if it were replaced by one of the proposed replacements for'the SI mass symbagl. If
one|imagines that the "kg" were replaced by a symbol "P", then it is easier to conceptualize the
mulfiplier "m" as creating the proper unit "mpP", and not the forbidden unit "mkg".

Table 302 shows all literals of UnitMultiplier.

Table 302 — Literals of CoreEquipmentProfile::UnitMultiplier

literal value description
y -24 Yocto 10**-24.
z =24 Zepto 10**-21.
a =18 Atto 10**-18.
f -15 Femto 10**-15.
p -12 Pico 10**-12.
n -9 Nano 10**-9.
midro -6 Micro 10**-6.
m -3 Milli 10**-3.
c -2 Centi 10**-2.
d -1 Deci 10**-1.
norle 0 No multiplier or equivalently multiply by 1.
da 1 Deca 10**1.
h 2 Hecto 10**2.
k 3 Kilo 10**3.
M 6 Mega 10**6.
G 9 Giga 10**9.
T 12 Tera 10**12.
P 15 Peta 10**15.
E 18 Exa 10**18.
z 21 Zetta 10**21.
Y 24 Yotta 10**24.
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5.2.175 UnitSymbol enumeration

021

The derived units defined for usage in the CIM. In some cases, the derived unit is equal to an
Sl unit. Whenever possible, the standard derived symbol is used instead of the formula for the
derived unit. For example, the unit symbol Farad is defined as "F" instead of "CPerV". In cases
where a standard symbol does not exist for a derived unit, the formula for the unit is used as
the unit symbol. For example, density does not have a standard symbol and so it is represented
as "kgPerm3". With the exception of the "kg", which is an Sl unit, the unit symbols do not contain
multipliers and therefore represent the base derived unit to which a multiplier can be applied as
a whole.

EvePy unit symbol is treated as an unparseable text as if it were a single-letter symboaol.

The

megning of each unit symbol is defined by the accompanying descriptive text and notlby| the
text|contents of the unit symbol.
To allow the widest possible range of serializations without requiring special character handling,
several substitutions are made which deviate from the format described in(IEC 80000-1. [The
divigion symbol "/" is replaced by the letters "Per". Exponents are written im\plain text after] the
unitjas "m3" instead of being formatted as "m" with a superscript of 3, Or, introducing a symbol
as ih "m”3". The degree symbol "°" is replaced with the letters "deg; \ Any clarification of|the
medning for a substitution is included in the description for the unit"'symbol.
Non-Sl units are included in list of unit symbols to allow sourcesof data to be correctly labglled
with their non-SlI units (for example, a GPS sensor that is reporting numbers that represent [feet
instead of meters). This allows software to use the unit ‘symbol information correctly conyvert
and|scale the raw data of those sources into Sl-based-Units.
The|integer values are used for harmonization with IEC 61850.
TabJe 303 shows all literals of UnitSymbol,
Table 303 - Literals of’ CoreEquipmentProfile::UnitSymbol
literal value description
norle 0 Dimension less quantity, e.g. count, per unit, ¢tc.
m 2 Length in metres.
kg 3 Mass in kilograms. Note: multiplier "k" is
included in this unit symbol for compatibility wjith
IEC 61850-7-3.
s 4 Time in seconds.
5 Current in amperes.
K 6 Temperature in kelvins.
mo 7 Amount of substance in moles.
cd 8 Luminous intensity in candelas.
deg 9 Plane angle in degrees.
rad 10 Plane angle in radians (m/m).
sr 11 Solid angle in steradians (m2/m2).
Gy 21 Absorbed dose in grays (J/kg).
Bq 22 Radioactivity in becquerels (1/s).
degC 23 Relative temperature in degrees Celsius.
In the Sl unit system the symbol is °C. Electric
charge is measured in coulomb that has the unit
symbol C. To distinguish degree Celsius from
coulomb the symbol used in the UML is degC.
The reason for not using °C is that the special
character ° is difficult to manage in software.
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literal value description

Sv 24 Dose equivalent in sieverts (J/kg).

F 25 Electric capacitance in farads (C/V).

C 26 Electric charge in coulombs (A's).

S 27 Conductance in siemens.

H 28 Electric inductance in henrys (Wb/A).

\Y 29 Electric potential in volts (W/A).

ohm 30 Electric resistance in ohms (V/A).

J 31 Energy in joules (N-m = C-V = W:s).

N 32 Force in newtons (kg-m/s?).

Hz 33 Frequency in hertz (1/s).

Ix 34 llluminance in lux (Im/m?2).

Im 35 Luminous flux in lumens (cd:sr).

Wb 36 Magnetic flux in webers_(Vs).

T 37 Magnetic flux density\in teslas (Wb/m2).

W 38 Real power in watts (J/s). Electrical power maly
have real and reactive components. The real
portion of/eleetrical power (12R or Vicos(phi)),|is
expressedin Watts. See also apparent power
and reactive power.

Pa 39 Pressure in pascals (N/m?). Note: the absolutg
or/relative measurement of pressure is implieg
with this entry. See below for more explicit
forms.

m2 41 Area in square metres (m?2).

m3 42 Volume in cubic metres (m?3).

mPErs 43 Velocity in metres per second (m/s).

mPgrs2 44 Acceleration in metres per second squared
(m/s?).

m3Pers 45 Volumetric flow rate in cubic metres per secorjd
(m¥/s).

mPerm3 46 Fuel efficiency in metres per cubic metres
(m/m3).

kgm 47 Moment of mass in kilogram metres (kg-m) (fifst
moment of mass). Note: multiplier "k" is included
in this unit symbol for compatibility with
IEC 61850-7-3.

kgHerm3 48 Density in kilogram/cubic metres (kg/m3). Note:
multiplier "k" is included in this unit symbol fo
compatibility with IEC 61850-7-3.

m2Pers 49 Viscosity in square metres / second (m?/s).

WPermK 50 Thermal conductivity in watt/metres kelvin.

JPerK 51 Heat capacity in joules/kelvin.

ppm 52 Concentration in parts per million.

rotPers 53 Rotations per second (1/s). See also Hz (1/s).

radPers 54 Angular velocity in radians per second (rad/s).

WPerm2 55 Heat flux density, irradiance, watts per square
metre.

JPerm2 56 Insulation energy density, joules per square
metre or watt second per square metre.

SPerm 57 Conductance per length (F/m).
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literal value description

KPers 58 Temperature change rate in kelvins per second.

PaPers 59 Pressure change rate in pascals per second.

JPerkgK 60 Specific heat capacity, specific entropy, joules
per kilogram Kelvin.

VA 61 Apparent power in volt amperes. See also real
power and reactive power.

VAr 63 Reactive power in volt amperes reactive. The
"reactive" or "imaginary" component of electrical
power (VlIsin(phi)). (See also real power and
apparent power).

NOTE Different meter designs use different
methods to arrive at their results. Some meters
may compute reactive power as an-arithmetic
value, while others compute the value
vectorially. The data consumer should determ|ne
the method in use and the sgitability of the
measurement for the intended purpose.

cogPhi 65 Power factor, dimensiohless.

NOTE 1 This definition of power factor only
holds for balaneed\.systems. See the alternative
definition under.code 153.

NOTE 2_{Beware of differing sign conventiong in
use between the IEC and EEI. It is assumed that
the data-consumer understands the type of
méterin use and the sign convention in use b
the\utility.

Vs 66 Volt seconds (Ws/A).

V2 67 Volt squared (W2/A2).

As 68 Ampere seconds (A-s).

A2 69 Amperes squared (A?).

A24 70 Ampere squared time in square amperes (A2s).

VAR 71 Apparent energy in volt ampere hours.

Wh 72 Real energy in watt hours.

VArh 73 Reactive energy in volt ampere reactive hourg.

VPerHz 74 Magnetic flux in volt per hertz.

HzRers 75 Rate of change of frequency in hertz per secohd.

chdracter 76 Number of characters.

chdrPers 77 Data rate (baud) in characters per second.

kgm2 78 Moment of mass in kilogram square metres
(kg-m?2) (Second moment of mass, commonly
called the moment of inertia). Note: multiplier ['k"
is included in this unit symbol for compatibilit
with IEC 61850-7-3.

dB 79 Sound pressure level in decibels. Note:
multiplier "d" is included in this unit symbol for
compatibility with IEC 61850-7-3.

WPers 81 Ramp rate in watts per second.

IPers 82 Volumetric flow rate in litres per second.

dBm 83 Power level (logarithmic ratio of signal strength ,
Bel-mW), normalized to 1mW. Note: multiplier
"d" is included in this unit symbol for
compatibility with IEC 61850-7-3.

h 84 Time in hours, hour = 60 min = 3 600 s.

min 85 Time in minutes, minute = 60 s.

Q 100 Quantity power, Q.
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literal value description

Qh 101 Quantity energy, Qh.

ohmm 102 Resistivity, ohm metres, (rho).

APerm 103 A/m, magnetic field strength, amperes per metre.

V2h 104 Volt-squared hour, volt-squared-hours.

A2h 105 Ampere-squared hour, ampere-squared hour.

Ah 106 Ampere-hours, ampere-hours.

count 111 Amount of substance, Counter value.

ft3 119 Volume, cubic feet.

m3Perh 125 Volumetric flow rate, cubic metres per houp

gal 128 Volume in gallons, US gallon (1 gal= 231 in3
128 fl ounce).

Btul 132 Energy, British Thermal Units.

| 134 Volume in litres, litre = dm3y= m3/1 000.

IPefh 137 Volumetric flow rate 4litres per hour.

IPefl 143 Concentration, The-ratio of the volume of a
solute divided by, the volume of the solution.
Note: Usersrmay need use a prefix such a ‘p’ jo
express a‘quantity such as ‘pL/L .

gPérg 144 Concehntration, The ratio of the mass of a solute
divided by the mass of the solution. Note: Users
m@ay need use a prefix such a ‘p’ to express a
quantity such as ‘ug/g’.

molPerm3 145 Concentration, The amount of substance
concentration, (c), the amount of solvent in
moles divided by the volume of solution in m3

mol|Permol 146 Concentration, Molar fraction, the ratio of the
molar amount of a solute divided by the molar|
amount of the solution.

mol|Perkg 147 Concentration, Molality, the amount of solute |n
moles and the amount of solvent in kilograms)

sPdrs 149 Time, Ratio of time. Note: Users may need to
supply a prefix such as ‘Y’ to show rates such|as
‘usl/s’.

HzlPerHz 150 Frequency, rate of frequency change. Note:
Users may need to supply a prefix such as ‘m| to
show rates such as ‘mHz/Hz’.

VPerv 151 Voltage, ratio of voltages. Note: Users may nged
to supply a prefix such as ‘m’ to show rates sych
as ‘mV/V’.

APgrA 152 Current, ratio of amperages. Note: Users may
need to supply a prefix such as ‘m’ to show rafes
such as ‘mA/A’.

VPerVA 153 Power factor, PF, the ratio of the active power to
the apparent power. Note: The sign convention
used for power factor will differ between IEC
meters and EEI (ANSI) meters. It is assumed
that the data consumers understand the type of
meter being used and agree on the sign
convention in use at any given utility.

rev 154 Amount of rotation, revolutions.

kat 158 Catalytic activity, katal = mol / s.

JPerkg 165 Specific energy, Joules / kg.

m3Uncompensated 166 Volume, cubic metres, with the value

uncompensated for weather effects.
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value description

m3Compensated 167 Volume, cubic metres, with the value
compensated for weather effects.

WPerW 168 Signal Strength, ratio of power. Note: Users may
need to supply a prefix such as ‘m’ to show rates
such as ‘mW/W’.

therm 169 Energy, therms.

onePerm 173 Wavenumber, reciprocal metres, (1/m).

m3Perkg 174 Specific volume, cubic metres per kilogram, v.

Pad T75 Dynamic VISCOSIty, pascal seconds.

Nm 176 Moment of force, newton metres.

NPerm 177 Surface tension, newton per metre.

radPers2 178 Angular acceleration, radians pefysecond
squared.

JPgrm3 181 Energy density, joules per_cubic metre.

VPérm 182 Electric field strength,(volts per metre.

CPerm3 183 Electric charge defqsity, coulombs per cubic
metre.

CPerm2 184 Surface charge density, coulombs per square
metre.

FP¢rm 185 Permittivity, farads per metre.

HPerm 186 Permeability, henrys per metre.

JPgrmol 187 Mbolar energy, joules per mole.

JPgrmolK 188 Molar entropy, molar heat capacity, joules per
mole kelvin.

CPerkg 189 Exposure (x rays), coulombs per kilogram.

GyPers 190 Absorbed dose rate, grays per second.

WHPRersr 191 Radiant intensity, watts per steradian.

WPerm2sr 192 Radiance, watts per square metre steradian.

katPerm3 193 Catalytic activity concentration, katals per cublic
metre.

d 195 Time in days, day = 24 h = 86 400 s.

andlemin 196 Plane angle, minutes.

andlesec 197 Plane angle, seconds.

ha 198 Area, hectares.

tonpe 199 Mass in tons, "tonne" or "metric ton" (1 000 kp =
1 Mg).

bar 214 Pressure in bars, (1 bar = 100 kPa).

mmHAg VA PTessure, miimetres or mercury (1 mmHg 1S
approximately 133.3 Pa).

M 217 Length, nautical miles (1 M =1 852 m).

kn 219 Speed, knots (1 kn = 1 852/3 600) m/s.

Mx 276 Magnetic flux, maxwells (1 Mx = 10-8 Wb).

G 277 Magnetic flux density, gausses (1 G = 10-4 T).

Oe 278 Magnetic field in oersteds, (1 Oe = (103/4p)
A/m).

Vh 280 Volt-hour, Volt hours.

WPerA Active power per current flow, watts per Ampere.

onePerHz Reciprocal of frequency (1/Hz).
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literal value description

VPerVAr Power factor, PF, the ratio of the active power to
the apparent power. Note: The sign convention
used for power factor will differ between IEC
meters and EEI (ANSI) meters. It is assumed
that the data consumers understand the type of
meter being used and agree on the sign
convention in use at any given utility.

ohmPerm 86 Electric resistance per length in ohms per metre
((VIA)/m).

kgPerJ Weight per energy in kilograms per joule (kg/J).
Notemmottiptier—"k*“Ts-mctoded - thisomitsympol

for compatibility with IEC 61850-7-3.

JPgrs Energy rate in joules per second (J/s)-

5.2.176 WindGenUnitKind enumeration

Kind of wind generating unit.
Table 304 shows all literals of WindGenUnitKind.

Table 304 — Literals of CoreEquipmentProfilel:WindGenUnitKind

literal value description
offghore The wind generating unit is located offshore.
onghore The wind generating unit is located onshore.

5.2.177 WindingConnection enumeration

Winding connection type.
TabJe 305 shows all literals of WindingConnection.

Table 305 — Literals of CoreEquipmentProfile::WindingConnection

literal value description

D Delta.
Wye.

VA ZigZag.

Yn Wye, with neutral brought out for grounding.

Zn ZigZag, with neutral brought out for grounding|.

A Autotransformer common winding.

| Independent winding, for single-phase
connections.

5.2.178 ActivePower datatype

Product of RMS value of the voltage and the RMS value of the in-phase component of the
current.

Table 306 shows all attributes of ActivePower.
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Table 306 — Attributes of CoreEquipmentProfile::ActivePower

name mult type description
value 0..1 Float
multiplier 0..1 UnitMultiplier (const=M)
unit 0..1 UnitSymbol (const=W)

5.2.179 ActivePowerPerCurrentFlow datatype

Active power variation with current flow.

Table 307 shows all attributes of ActivePowerPerCurrentFlow.

Table 307 — Attributes of CoreEquipmentProfile::ActivePowerPerCurrentFlow

name mult type description
multiplier 0..1 UnitMultiplier (const=M)
uni 0..1 UnitSymbol (const=WPerA)
vallie 0..1 Float
5.2.180 ActivePowerPerFrequency datatype

Active power variation with frequency.

Table 308 shows all attributes of ActivePowerRerFrequency.

Table 308 — Attributes of CoreEquipmentProfile::ActivePowerPerFrequency

name mult type description
multiplier 0..1 UnitMultiplier (const=M)
uni 0..1 UnitSymbol (const=WPers)
vallie 0..1 Float
5.2.181 AngleDegrees datatype

Megsurement)of angle in degrees.

Table309 shows all attributes of AngleDegrees.

Table 309 — Attributes of CoreEquipmentProfile::AngleDegrees

name mult type description
value 0..1 Float
unit 0..1 UnitSymbol (const=deg)
multiplier 0..1 UnitMultiplier (const=none)

5.2.182 ApparentPower datatype

Product of the RMS value of the voltage and the RMS value of the current.
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Table 310 shows all attributes of ApparentPower.

- 189 —

Table 310 — Attributes of CoreEquipmentProfile::ApparentPower

name mult type description
value 0..1 Float
multiplier 0..1 UnitMultiplier (const=M)
unit 0..1 UnitSymbol (const=VA)

5.2.183 Capacitance datatype

Capacitive part of reactance (imaginary part of impedance), at rated frequency.

Table 311 shows all attributes of Capacitance.

Table 311 — Attributes of CoreEquipmentProfile::Capacitance

name mult type description
vallie 0..1 Float
uni 0..1 UnitSymbol (const=F)
multiplier 0..1 UnitMultiplier (constshone)

5.2.184 Conductance datatype

Factor by which voltage must be multiplied togive corresponding power lost from a circuit. Real

parf of admittance.
Table 312 shows all attributes of Conductance.

Table 312 — Attributes of CoreEquipmentProfile::Conductance

name mult type description
vallie N1 Float
uni 0..1 UnitSymbol (const=8)
multiplier 0..1 UnitMultiplier (const=none)

5.2.185(CurrentFlow datatype

Eleatrical current with qign convention: pnciti\/p flow is out of the r‘nndnr‘ting pqnipmpnt int

connectivity node. Can be both AC and DC.

Table 313 shows all attributes of CurrentFlow.

Table 313 — Attributes of CoreEquipmentProfile::CurrentFlow

the

name mult type description
value 0..1 Float
multiplier 0..1 UnitMultiplier (const=none)
unit 0..1 UnitSymbol (const=A)
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5.2.186 Frequency datatype

Cycles per second.
Table 314 shows all attributes of Frequency.

Table 314 — Attributes of CoreEquipmentProfile::Frequency

name mult type description
value 0..1 Float
uni 0..1 UnitSymbol (const=Hz)
multiplier 0..1 UnitMultiplier (const=none)

5.2.187 Inductance datatype

Inductive part of reactance (imaginary part of impedance), at rated frequehey.

Table 315 shows all attributes of Inductance.

Table 315 — Attributes of CoreEquipmentProfile::Inductance

name mult type description
vallie 0..1 Float
uni 0..1 UnitSymbol (const=H)
multiplier 0..1 UnitMultiplier (const=none)

5.2.188 Length datatype

Unif of length. It shall be a positive value or zero.

TabJe 316 shows all attributes of-Length.

Table 316 — Attributes of CoreEquipmentProfile::Length

name mult type description
vallie 0..1 Float
uni 0..1 UnitSymbol (const=m)
multiplier 0..1 UnitMultiplier (const=k)
5.2.489—Moneydatatype

Amount of money.
Table 317 shows all attributes of Money.

Table 317 — Attributes of CoreEquipmentProfile::Money

name mult type description
unit 0..1 Currency
multiplier 0..1 UnitMultiplier (const=none)
value 0..1 Decimal
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5.2.190 PerCent datatype

Percentage on a defined base. For example, specify as 100 to indicate at the defined base.

Table 318 shows all attributes of PerCent.
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Table 318 — Attributes of CoreEquipmentProfile::PerCent

name mult type description
value 0..1 Float Normally 0 to 100 on a defined base.
uni 0..1 UnitSymbol (const=none)
multiplier 0..1 UnitMultiplier (const=none)

5.2.191 Reactance datatype

Redctance (imaginary part of impedance), at rated frequency.

Table 319 shows all attributes of Reactance.

Table 319 — Attributes of CoreEquipmentProfile::Reactance

name mult type description
vallie 0..1 Float
uni 0..1 UnitSymbol (€onst=ohm)
multiplier 0..1 UnitMultiplier (const=none)

5.2.192 ReactivePower datatype

Proguct of RMS value of the voltage\and the RMS value of the quadrature component of]

current.

Table 320 shows all attributes of ReactivePower.

Table 320.> Attributes of CoreEquipmentProfile::ReactivePower

the

name mult type description
vallie 0..1 Float
uni 0..1 UnitSymbol (const=VAr)
multiplier 0..1 UnitMultiplier (const=M)

5.2.193 RealEnergy datatype

Real electrical energy.

Table 321 shows all attributes of RealEnergy.

Table 321 — Attributes of CoreEquipmentProfile::RealEnergy

name mult type description
multiplier 0..1 UnitMultiplier (const=M)
unit 0..1 UnitSymbol (const=Wh)
value 0..1 Float
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5.2.194 Resistance datatype

Resistance (real part of impedance).
Table 322 shows all attributes of Resistance.

Table 322 — Attributes of CoreEquipmentProfile::Resistance

name mult type description
vallie 0..1 Float
uni 0..1 UnitSymbol (const=ohm)
multiplier 0..1 UnitMultiplier (const=none)

5.2.195 RotationSpeed datatype

Number of revolutions per second.
Table 323 shows all attributes of RotationSpeed.

Table 323 — Attributes of CoreEquipmentProfile::RotationSpeed

name mult type description
multiplier 0..1 UnitMultiplier (const=none)
uni 0..1 UnitSymbol (const=Hz)
vallie 0..1 Float

5.2.196 Seconds datatype

Timp, in seconds.
Table 324 shows all attributes of Seconds.

Table’324 — Attributes of CoreEquipmentProfile::Seconds

name mult type description
vallie 0..1 Float Time, in seconds
uni 0..1 UnitSymbol (const=s)
multiplier 0..1 UnitMultiplier (const=none)

5.2.197 Susceptance datatype

Imaginary part of admittance.

Table 325 shows all attributes of Susceptance.
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Table 325 — Attributes of CoreEquipmentProfile::Susceptance

name mult type description
value 0..1 Float
unit 0..1 UnitSymbol (const=S)
multiplier 0..1 UnitMultiplier (const=none)

5.2.198 Voltage datatype

Elegtrical voltage, can be both AC and DC.
TabJe 326 shows all attributes of Voltage.

Table 326 — Attributes of CoreEquipmentProfile::Voltage

name mult type description
vallie 0..1 Float
multiplier 0..1 UnitMultiplier (const=k)
uni 0..1 UnitSymbol (const=V)

5.2.199 VoltagePerReactivePower datatype

Vo

tage variation with reactive power.
Table 327 shows all attributes of VoltagePerReactivePower.

Table 327 — Attributes of CoreEquipmentProfile::VoltagePerReactivePower

name mult type description
vallie 0..1 Eloat
uni 0..1 UnitSymbol (const=VPerVAr)
multiplier 0..1 UnitMultiplier (const=none)

5.2.200 Boolean primitive

A type with the'value space "true" and "false".

5.2.20% 'Date primitive

Date as "yyyy-mm-dd", which conforms with ISO 8601. UTC time zone is specified as "yyyy-
mm-ddZ". A local timezone relative UTC is specified as "yyyy-mm-dd(+/-)hh:mm".

5.2.202 DateTime primitive

Date and time as "yyyy-mm-ddThh:mm:ss.sss", which conforms with 1ISO 8601. UTC time zone
is specified as "yyyy-mm-ddThh:mm:ss.sssZ". A local timezone relative UTC is specified as
"yyyy-mm-ddThh:mm:ss.sss-hh:mm". The second component (shown here as "ss.sss") could
have any number of digits in its fractional part to allow any kind of precision beyond seconds.

5.2.203 Decimal primitive

Decimal is the base-10 notational system for representing real numbers.
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5.2.204 Float primitive

A floating point number. The range is unspecified and not limited.

5.2.205 Integer primitive

An integer number. The range is unspecified and not limited.

5.2.206 MonthDay primitive

MonthDay format as "--mm-dd", which conforms with XSD data type gMonthDay.

5.2.207 String primitive

A sfring consisting of a sequence of characters. The character encoding is UTF=8, The sfring
length is unspecified and unlimited.

5.3| Operation Profile
5.3. General

Thig is the IEC 61970-452 operation profile.
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class Control /
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Figure 28 — Class diagram OperationProfile::Control

Figyre 28: This diagram shows control related classes included in the Meas package.
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Figure 29 - K‘@ss diagram OperationProfile::Meas
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Figdre 29: This diagram sh@s measurement related classes included in the Meas packag
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class Datatypes /

«CIMDatatypes»
PerCent

multiplier: UnitMultiplier [0..1] = none {readOnly}
unit: UnitSymbol [0..1] = none {readOnly}
value: Float [0..1]
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Figure 30 — Class diagram OperationProfile::Datatypes
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Figure 30: The diagram shows datatypes that are used by classes in the profile. Stereotypes
are used to describe the datatypes. The following stereotypes are defined:

For

<<enumeration>> A list of permissible constant values.

<<Primitive>> The most basic data types used to compose all other data types.

<<ClIMDatatype>> A datatype that contains a value attribute, an optional unit of measure
and a unit multiplier. The unit and multiplier may be specified as a static variable initialized
to the allowed value.

<<Compound>> A composite of Primitive, enumeration, CIMDatatype or other Compound

classes, as long as the Compound classes do not recurse.

particular datatype.

5.3

Inhe

Acc

Tab

2 Accumulator

ritance path = Measurement: IdentifiedObject

e 328 shows all attributes of Accumulator.

all datatypes both positive and negative values are allowed unless stated otherwisg f

Lmulator represents an accumulated (counted) Measurement, e.g. 'an energy value.

Table 328 — Attributes of OperationProfile::Accumulator

pr a

name mult type description
megasurementType 1.1 String inherited from: Measurement
phdses 0..1 PhaseCode inherited from: Measurement
unifMultiplier 1.1 UnitMultiplier inherited from: Measurement
uni{Symbol 1.1 UnitSymbol inherited from: Measurement
dedcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

TabJe 329 shows all association ends of Accumulator with other classes.

Table 329 — Association ends of OperationProfile::Accumulator with other classes

mult name mult type description

from to

0..7 Terminal 0..1 ACDCTerminal inherited from: Measurement

0.. PowersysiemResource 1 PoOwersystemResource innherited from: Measurement
5.3.3 AccumulatorLimit

Inheritance path = Limit: IdentifiedObject

Limit values for Accumulator measurements.

Table 330 shows all attributes of AccumulatorLimit.
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Table 330 — Attributes of OperationProfile::AccumulatorLimit

name mult type description
value 1.1 Integer The value to supervise against. The value is
positive.
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 331 shows all association ends of AccumulatorLimit with other classes.

Table 331 — Association ends of OperationProfile::AccumulatorLimit with other'classes

mult name mult type description
from to
1.7 LimitSet 1.1 AccumulatorLimitSet The set of limjts.

5.3.4

AccumulatorLimitSet

Inhgritance path = LimitSet: IdentifiedObject

An AccumulatorLimitSet specifies a set of Limits that are associated with an Accumul

megsurement.

Table 332 shows all attributes of AccumulatorLimitSet.

Table 332 — Attributes of OperationProfile::AccumulatorLimitSet

ator

name mult type description
isPercentageLimits 0..1 Boolean inherited from: LimitSet
degcription 0..1 Sfring inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 11 String inherited from: |dentifiedObject

Table 333 shows all association ends of AccumulatorLimitSet with other classes.

Table 333 — Association ends of OperationProfile::

AccumulatorLimitSet with other classes

mult name mult type description

from to

0..* Measurements 1..* Accumulator The Measurements using the LimitSet.
5.3.5 AccumulatorReset

Inheritance path = Control: IOPoint: IdentifiedObject

This command resets the counter value to zero.

Table 334 shows all attributes of AccumulatorReset.
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Table 334 — Attributes of OperationProfile::AccumulatorReset

name mult type description
controlType 1.1 String inherited from: Control
operationInProgress 0..1 Boolean inherited from: Control
timeStamp 0..1 DateTime inherited from: Control
unitMultiplier 0..1 UnitMultiplier inherited from: Control
unitSymbol 0..1 UnitSymbol inherited from: Control
description 0.1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject
Table 335 shows all association ends of AccumulatorReset with other classes,

Tahle 335 — Association ends of OperationProfile::AccumulatorReset with other clas

mult name mult type description
from to
0..1 AccumulatorValue 1.1 AccumulatorValue TFhe accumulator value that is reset by
the’command.
0..7 PowerSystemResource 0..1 PowerSystemResource inherited from: Control
5.3.6 AccumulatorValue
Inhgritance path = MeasurementValue: |ORoint: IdentifiedObject

AcclumulatorValue represents an accumulated (counted) MeasurementValue.

Tab

e 336 shows all attributes of AccumulatorValue.

Table 336 —'Attributes of OperationProfile::AccumulatorValue

name mult type description
timeStamp 0..1 DateTime inherited from: MeasurementValue
serfsorAccuracy, 0..1 PerCent inherited from: MeasurementValue
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 337 shows all association ends of AccumulatorValue with other classes.

Table 337 — Association ends of OperationProfile::AccumulatorValue with other classes

mult name mult type description
from to
0..* Accumulator 1.1 Accumulator Measurement to which this value is
connected.
0..* MeasurementValueSour 1.1 MeasurementValueSour inherited from: MeasurementValue
ce ce
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5.3.7 (abstract) ACDCTerminal

Inheritance path = IdentifiedObject

An electrical connection point (AC or DC) to a piece of conducting equipment. Terminals are
connected at physical connection points called connectivity nodes.

Table 338 shows all attributes of ACDCTerminal.

Table 338 — Attributes of OperationProfile::ACDCTerminal

name mult type description
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject
5.3.8 Analog

Inhgritance path = Measurement: IdentifiedObject

Anallog represents an analog Measurement.
Table 339 shows all attributes of Analog.

Table 339 — Attributes of OperationProfile::Analog

name mult type description

poditiveFlowIn 0..1 Boolean If true then this measurement is an active power,
reactive power or current with the convention
that a positive value measured at the Termina
means power is flowing into the related
PowerSystemResource.

megasurementType 1.1 Sfring inherited from: Measurement

phdses 0..1 PhaseCode inherited from: Measurement

unifMultiplier in1 UnitMultiplier inherited from: Measurement

uni{Symbol 1.1 UnitSymbol inherited from: Measurement

degcription 0..1 String inherited from: IdentifiedObject

mR[ID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: |dentifiedObject

Table 340 shows all association ends of Analog with

Table 340 — Association ends of OperationProfile::Analog with other classes

other classes.

mult name mult type description

from to

0..* Terminal 0..1 ACDCTerminal inherited from: Measurement

0..* PowerSystemResource 1.1 PowerSystemResource inherited from: Measurement
5.3.9 (abstract) AnalogControl

Inheritance path = Control: IOPoint: IdentifiedObject
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Table 341 — Attributes of OperationProfile::AnalogControl

name mult type description

maxValue 1.1 Float Normal value range maximum for any of the
Control.value. Used for scaling, e.g. in bar
graphs.

mirValue 1.1 Float Normal value range minimum for any of the
Control.value. Used for scaling, e.g. in ban
graphs.

corftrolType 1.1 String inherited from: Control

opgrationInProgress 0..1 Boolean inherited from: Control

timeStamp 0..1 DateTime inherited from: Control

unifMultiplier 0..1 UnitMultiplier inherited from: Control

uni{Symbol 0..1 UnitSymbol inherited from: Copdrol

degcription 0..1 String inherited from:cldentifiedObject

mRID 1.1 String inherited framy IdentifiedObject

name 1.1 String inheritedfrom: IdentifiedObject

TabJe 342 shows all association ends of AnalogConfrol with other classes.

Thble 342 — Association ends of OperationProfile::AnalogControl with other classegs

mult name mult type description

from to

0..1 AnalogValue 1.1 AnalogValue The MeasurementValue that is
controlled.

0..1 PowerSystemResource 0::1 PowerSystemResource inherited from: Control

5.3.10 AnalogLimit

Inhgritance path ='Limit: IdentifiedObject

Lim|t values'for Analog measurements.

Table 343 shows all attributes of AnalogLimit.

Table 343 — Attributes of OperationProfile::AnalogLimit

name mult type description
value 1.1 Float The value to supervise against.
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 344 shows all association ends of AnalogLimit with other classes.
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Table 344 — Association ends of OperationProfile::AnalogLimit with other classes

mult name mult type description
from to
0..* LimitSet 1.1 AnalogLimitSet The set of limits.

5.3.11 AnalogLimitSet

Inheritance path = LimitSet: IdentifiedObject

An AnalogLimitSet specifies a set of Limits that are associated with an Analog measurement.
TabJe 345 shows all attributes of AnalogLimitSet.

Table 345 — Attributes of OperationProfile::AnalogLimitSet

name mult type description
isPercentageLimits 0..1 Boolean inherited from: LimitSet
degcription 0..1 String inherited from:\ldentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

TabJe 346 shows all association ends of AnalogLimitSet with other classes.

Table 346 — Association ends of OperationProfile::AnalogLimitSet with other classé¢s

mult name mult type description
from to
0..1 Measurements 1..% Analog The Measurements using the LimitSef].

5.3.12 AnalogValue

Inhgritance path = MeasurementValue: |OPoint: IdentifiedObject

AnallogValue reptesents an analog MeasurementValue.
Table 347 shows all attributes of AnalogValue.

Table 347 — Attributes of OperationProfile::AnalogValue

name mult type description
timeStamp 0..1 DateTime inherited from: MeasurementValue
sensorAccuracy 0..1 PerCent inherited from: MeasurementValue
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 348 shows all association ends of AnalogValue with other classes.
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mult name mult type description
from to
0..* Analog 1.1 Analog Measurement to which this value is
connected.
0..* MeasurementValueSour 1.1 MeasurementValueSour inherited from: MeasurementValue
ce ce

5.3. 3—Gemmand

Inhgritance path = Control: IOPoint: IdentifiedObject

A Cpmmand is a discrete control used for supervisory control.

Table 349 shows all attributes of Command.

Table 349 — Attributes of OperationProfile::Command

name mult type description
normalValue 1.1 Integer Normal value-for Control.value e.g. used for
percentage’scaling.
vallie 1.1 Integer The value representing the actuator output.
controlType 1.1 String inherited from: Control
opdrationInProgress 0..1 Boolean inherited from: Control
timeStamp 0..1 DateTime inherited from: Control
unifMultiplier 0..1 UnitMultiplier inherited from: Control
uni{Symbol 0..1 UnitSymbol inherited from: Control
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 350 shows all association ends of Command with other classes.

Table 350 —"Association ends of OperationProfile::Command with other classes

mult name
from

mult type
to

description

0..7 ValueAliasSet

0..1 ValueAliasSet

The ValueAliasSet used for translatio
a Control value to a name.

of

0..1 DiscreteValue 1.1 DiscreteValue The MeasurementValue that is
controlled.
0..* PowerSystemResource 0..1 PowerSystemResource inherited from: Control
5.3.14 (abstract) Control

Inheritance path = I0Point: IdentifiedObject

Control is used for supervisory/device control. It represents control outputs that are used to
change the state in a process, e.g. close or open breaker, a set point value or a raise lower

command.
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Table 351 shows all attributes of Control.

Table 351 — Attributes of OperationProfile::Control

name mult type description

controlType 1.1 String Specifies the type of Control. For example, this
specifies if the Control represents BreakerOpen,
BreakerClose, GeneratorVoltageSetPoint,
GeneratorRaise, GeneratorLower, etc.

operationlnProgress 0..1 Boolean Indicates that a client is currently sending
control commands that has not completed

timeStamp 0..1 DateTime The last time a control output was sent.

unifMultiplier 0..1 UnitMultiplier The unit multiplier of the controlled quantity.

uni{Symbol 0..1 UnitSymbol The unit of measure of the controlled, quantity

degcription 0..1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: |dentified@bject

name 1.1 String inherited from: IdentifiedObject

Table 352 shows all association ends of Control with other classes.

Table 352 — Association ends of OperationProfile::Control with other classes

mult name mult type description

from to

0..1 PowerSystemResource 0..1 PowerSystemResource Regulating device governed by this
control output.

5.3.15 Discrete

Inhgritance path = Measurement::ddentifiedObject

Disg¢rete represents a discrete'Measurement, i.e. a Measurement representing discrete valtes,

e.g.|a Breaker position.

Table 353 shows all ‘attributes of Discrete.

Table 353 — Attributes of OperationProfile::

Discrete

name mult type description
measdrementType 1.1 String inherited from: Measurement
phases 0.1 PhaseCode inherited from: Measurement
unitMultiplier 1.1 UnitMultiplier inherited from: Measurement
unitSymbol 1.1 UnitSymbol inherited from: Measurement
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 354 shows all association ends of Discrete with other classes.
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mult name mult type description
from to
0..* ValueAliasSet 0..1 ValueAliasSet The ValueAliasSet used for translation of
a MeasurementValue.value to a name.
0..* Terminal 0..1 ACDCTerminal inherited from: Measurement
0..* PowerSystemResource 1.1 PowerSystemResource inherited from: Measurement
5.3.16 DiscreteValue

Inhd

ritance path = MeasurementValue: I0Point: |dentifiedObject

Disq

Tab

reteValue represents a discrete MeasurementValue.

e 355 shows all attributes of DiscreteValue.

Table 355 — Attributes of OperationProfile::DiscreteValue

name mult type description
timgStamp 0..1 DateTime inherited\from: MeasurementValue
serfsorAccuracy 0..1 PerCent inherited from: MeasurementValue
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: |dentifiedObject

Table 356 shows all association ends of DiscreteValue with other classes.
Tlable 356 — Association ends 'of OperationProfile::DiscreteValue with other classes

mult name mult type description

from to

0..71 Discrete 1.1 Discrete Measurement to which this value is

connected.
0..71 Measurement\alueSour 1.1 MeasurementValueSour inherited from: MeasurementValue
ce ce

5.3.17, ((abstract) IdentifiedObject root class
This-is—a—+eetclasstoprevidecommonidentificationferall-classesreedirgidentifieation’and

naming attributes.

Table 357 shows all attributes of IdentifiedObject.
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Table 357 — Attributes of OperationProfile::ldentifiedObject

name mult type

description

description 0..1 String

The description is a free human readable text
describing or naming the object. It may be non
unique and may not correlate to a naming
hierarchy.

mRID 1.1 String

Master resource identifier issued by a model
authority. The mRID is unique within an
exchange context. Global uniqueness is easily
achieved by using a UUID, as specified in RFC
4122 forthe mRID The use of UUID is :frnm:ly

recommended.

For CIMXML data files in RDF syntax confofmjng
to IEC 61970-552, the mRID is mappéd to rdf:iD
or rdf:about attributes that identify (CIM object
elements.

name 1.1 String

The name is any free human'teadable and
possibly non unique text naming the object.

5.3.18 (abstract) IOPoint

Inhgritance path = IdentifiedObject

The|class describe a measurement or control value. The purpose is to enable having attribites
and|associations common for measurement and controk
TabJe 358 shows all attributes of IOPoint.
Table 358 — Attributescof OperationProfile::I0OPoint
name mult type description

degcription 0..1 String inherited from: IdentifiedObject

mR[ID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: IdentifiedObject
5.3.19 (abstract) Limit
Inhgritance path.=.ldentifiedObject
Spefcifies one’ limit value for a Measurement. A Measurement typically has several limits

that

are kept together by the LimitSet class. The actual meaning and use of a Limit instance (i.¢., if

it is|an’alarm or warning limit or if it is a high or low limit) is not captured in the Limit cl

H 4l £ 1 H 4 HGAH 4 oot b H ol
oweverthe mame ora cimitmsStance mfiay ndieatc ULt mieatimtyg drtu ust.

Table 359 shows all attributes of Limit.

Table 359 — Attributes of OperationProfile::Limit

name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

ASS.
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5.3.20 (abstract) LimitSet

Inheritance path = IdentifiedObject

Specifies a set of Limits that are associated with a Measurement. A Measurement may have
several LimitSets corresponding to seasonal or other changing conditions. The condition is
captured in the name and description attributes. The same LimitSet may be used for several
Measurements. In particular percentage limits are used this way.

Table 360 shows all attributes of LimitSet.

Table 360 — Attributes of OperationProfile::LimitSet

name mult type description

isPercentageLimits 0..1 Boolean

Tells if the limit values are in perCentage of
normalValue or the specified-Unit for
Measurements and Controls.

degcription 0..1 String inherited from: ldentifiedObject

mR[ID 1.1 String inherited from: |dentifiedObject

name 1.1 String inherited from:(ldentifiedObject
5.3.21 (abstract) Measurement

Inhgritance path = IdentifiedObject

AM
Any|

megsurements and door open indications,¥a transformer may have oil temperature and

pres

Bre

The
incl
has

bker may contain a switch status méasurement.

Measurements as leaves,e.g. Substation-VoltagelLevel-Bay-Switch-Measurement.

pasurement represents any measured, calculated or non-measured non-calculated quartity.
piece of equipment may contain Measurements, e.g. a substation may have temperagure

ank

sure measurements, a bay may contain a number of power flow measurements arld a

PSR — Measurement association is intended to capture this use of Measurement an[d is
ided in the naming hierarchy based on EquipmentContainer. The naming hierarchy typigally

Sone Measurements.fepresent quantities related to a particular sensor location in the netwlork,

e.g.
(CT

PSH

ass
defi

hed by-the connection of the Terminal to ConductingEquipment.

a voltage transformer (VT) or potential transformer (PT) at a busbar or a current transformer
at the bar between a breaker and an isolator. The sensing position is not captured in|the
— Measureément association. Instead it is captured by the Measurement — Ternfinal

pciation that is used to define the sensing location in the network topology. The locatign is

If both.a Terminal and PSR are associated, and the PSR is of type ConductingEquipment,|the
associated Terminal should belong to that ConductingEquipment instance.

When the sensor location is needed both Measurement-PSR and Measurement-Terminal are
used. The Measurement-Terminal association is never used alone.

Tab

le 361 shows all attributes of Measurement.
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Table 361 — Attributes of OperationProfile::Measurement

name mult type description

measurementType 1.1 String Specifies the type of measurement. For example,
this specifies if the measurement represents an
indoor temperature, outdoor temperature, bus
voltage, line flow, etc.

When the measurementType is set to
"Specialization", the type of Measurement is
defined in more detail by the specialized class
which inherits from Measurement.

phdses 0..1 PhaseCode Indicates to which phases the measurement
applies and avoids the need to use
'measurementType' to also encode phase
information (which would explode theftypes). The
phase information in Measurement{ aleng with
'measurementType' and 'phases"uniquely
defines a Measurement for a deyice, based of
normal network phase. Their meaning will not
change when the computed\energizing phasing
is changed due to jumpers*or other reasons.

If the attribute is missing three phases (ABC)
shall be assumed.

unifMultiplier 1.1 UnitMultiplier The unit multiplier of the measured quantity.
uni{Symbol 1.1 UnitSymbol The unit.of'measure of the measured quantity
degcription 0..1 String inherited from: IdentifiedObject

mR[ID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: IdentifiedObject

Table 362 shows all association ends of Mgasurement with other classes.

Table 362 — Association ends of QOperationProfile::Measurement with other classeg

mult name mult type description

from to

0..1 Terminal 0..1 ACDCTerminal One or more measurements may be
associated with a terminal in the
network.

0..79 PowerSystemResource 1.1 PowerSystemResource The power system resource that
contains the measurement.

5.3.22 (abstract) MeasurementValue

Inhgritance path = I0Point: IdentifiedObject

The current state for a measurement. A state value is an instance of a measurement from a
specific source. Measurements can be associated with many state values, each representing a
different source for the measurement.

Table 363 shows all attributes of MeasurementValue.


https://iecnorm.com/api/?name=fad29634370e156fe69d1695cc384673

-210 -

IEC 61970-452:2021 © |IEC 2021

Table 363 — Attributes of OperationProfile::MeasurementValue

name mult type description

timeStamp 0..1 DateTime The time when the value was last updated.

sensorAccuracy 0..1 PerCent The limit, expressed as a percentage of the
sensor maximum, that errors will not exceed
when the sensor is used under reference
conditions.

description 0..1 String inherited from: |dentifiedObject

mRID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: IdentifiedObject

Table 364 shows all association ends of MeasurementValue with other classes.

Table 364 — Association ends of OperationProfile:;
MeasurementValue with other classes

mult name mult type description
from to
0..7 MeasurementValueSour 1.1 MeasurementValueSour | A reference to the type of source that

ce

ce

updates the MeasurementValue, e.g.
SCADA, CCLink, manual, etc. User
conventions for the names of sources
are contained in the introduction to
IEC 61970-301.

5.3.23 MeasurementValueQuality

Inhgritance path = Quality61850

Megsurement quality flags. Bits 0 to. 10 are defined for substation automation in IEC 61850
Bits| 11 to 15 are reserved for futire expansion by that document. Bits 16-31 are reserved

EM$ applications.

TabJe 365 shows all attributes of MeasurementValueQuality.

Table 365 = Attributes of OperationProfile::MeasurementValueQuality

7-3.
for

name: mult type description
badReference 0..1 Boolean inherited from: Quality61850
estimatorReplaced 0..1 Boolean inherited from: Quality61850
failyre 0..1 Boolean inherited from: Quality61850
oldData 0..1 Boolean inherited from: Quality61850
operatorBlocked 0..1 Boolean inherited from: Quality61850
oscillatory 0..1 Boolean inherited from: Quality61850
outOfRange 0..1 Boolean inherited from: Quality61850
overFlow 0..1 Boolean inherited from: Quality61850
source 0..1 Source inherited from: Quality61850
suspect 0..1 Boolean inherited from: Quality61850
test 0..1 Boolean inherited from: Quality61850
validity 0..1 Validity inherited from: Quality61850
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le 366 shows all association ends of MeasurementValueQuality with other classes.

Table 366 — Association ends of OperationProfile::
MeasurementValueQuality with other classes

mult name mult type description

from to

0..1 MeasurementValue 1.1 MeasurementValue A MeasurementValue has a

MeasurementValueQuality associated
with it.
5.3.24 MeasurementValueSource
Inhgritance path = IdentifiedObject
MegsurementValueSource describes the alternative sources updating a MeasurementValue.
Usefr conventions for how to use the MeasurementValueSource attributes are defined in
IEC|61970-301.
TabJe 367 shows all attributes of MeasurementValueSource.
Table 367 — Attributes of OperationProfile::MeasurementValueSource
name mult type description

degcription 0..1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: IdentifiedObject

name 1.1 String inherited from: IdentifiedObject
5.3.5 (abstract) PowerSystemResource
Inhgritance path = IdentifiedObject
A power system resource (PSR) can be an item of equipment such as a switch, an equipment
container containing many individual items of equipment such as a substation, or| an
organisational entity.Ssuch as sub-control area. Power system resources can Have
megsurements associated.

Tab

e 368 shows all attributes of PowerSystemResource.

Table 368 — Attributes of OperationProfile::PowerSystemResource

name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

5.3.26 (abstract) Quality61850 root class

Quality flags in this class are as defined in IEC 61850, except for estimatorReplaced, which has
been included in this class for convenience.

Tab

le 369 shows all attributes of Quality61850.


https://iecnorm.com/api/?name=fad29634370e156fe69d1695cc384673

-212 - IEC 61970-452:2021 © |IEC 2021

Table 369 — Attributes of OperationProfile::Quality61850

name mult type description

badReference 0..1 Boolean Measurement value may be incorrect due to a
reference being out of calibration.

estimatorReplaced 0..1 Boolean Value has been replaced by State Estimator.
estimatorReplaced is not an IEC61850 quality bit
but has been put in this class for convenience.

failure 0..1 Boolean This identifier indicates that a supervision
function has detected an internal or external
failure, e.g. communication failure.

oldpata 0..1 Boolean Measurement value is old and possibly invahd,
as it has not been successfully updated-during a
specified time interval.

opqgratorBlocked 0..1 Boolean Measurement value is blocked and_hence
unavailable for transmission.

osdillatory 0..1 Boolean To prevent some overload of the communicatipn
it is sensible to detect and suppress oscillating
(fast changing) binary/nputs. If a signal changes
in a defined time twiCe“in the same direction
(from 0 to 1 or fromJq ‘to 0) then oscillation is
detected and the' detail quality identifier
"oscillatory",is set. If it is detected a configured
numbers of'transient changes could be passed
by. In thisdime the validity status "questionab
is set.If after this defined numbers of change
the signal is still in the oscillating state the value
shall be set either to the opposite state of the
previous stable value or to a defined default
value. In this case the validity status
"questionable" is reset and "invalid" is set as
long as the signal is oscillating. If it is configufed
such that no transient changes should be passed
by then the validity status "invalid" is set
immediately in addition to the detail quality
identifier "oscillatory" (used for status
information only).

[]

outpfRange 0..1 Boolean Measurement value is beyond a predefined
range of value.

overFlow 0..1 Boolean Measurement value is beyond the capability of
being represented properly. For example, a
counter value overflows from maximum count
back to a value of zero.

source 0..1 Source Source gives information related to the origin pf
a value. The value may be acquired from the
process, defaulted or substituted.

suglpect 0..1 Boolean A correlation function has detected that the
value is not consistent with other values.
Typically set by a network State Estimator.

tes 0..1 Boolean Measurement value is transmitted for test

SUEDOSeSs
Lkl o T

validity 0..1 Validity Validity of the measurement value.

5.3.27 RaiseLowerCommand

Inheritance path = AnalogControl: Control: IOPoint: IdentifiedObject

An analog control that increases or decreases a set point value with pulses. Unless otherwise
specified, one pulse moves the set point by one.

Table 370 shows all attributes of RaiseLowerCommand.
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Table 370 — Attributes of OperationProfile::RaiseLowerCommand

name mult type description
maxValue 1.1 Float inherited from: AnalogControl
minValue 1.1 Float inherited from: AnalogControl
controlType 1.1 String inherited from: Control
operationInProgress 0..1 Boolean inherited from: Control
timeStamp 0..1 DateTime inherited from: Control
unitMultiplier 0.1 UnitMultiplier inherited from: Control
uni{Symbol 0..1 UnitSymbol inherited from: Control
degcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

Table 371 shows all association ends of RaiseLowerCommand with other classes.

Table 371 — Association ends of OperationProfile::
RaiseLowerCommand with other classes

mult name mult type description
from to
0..7 ValueAliasSet 0..1 ValueAliasSet The ValueAliasSet used for translatio

a Control value to a name.

0..1 AnalogValue 1.1 AnalogValué inherited from: AnalogControl
0..7 PowerSystemResource 0..1 PowerSystemResource inherited from: Control

5.3.28 SetPoint

Inhgritance path = AnalogContrdlk Control: IOPoint: IdentifiedObject

An analog control that issues a set point value.
Table 372 shows all attributes of SetPoint.

Table 372 — Attributes of OperationProfile::SetPoint

name mult type description
normalyalue 1.1 Float Normal value for Control.value e.g. used for
percentage scaling.
value 1.1 Float The value representing the actuator output.
maxValue 1.1 Float inherited from: AnalogControl
minValue 1.1 Float inherited from: AnalogControl
controlType 1.1 String inherited from: Control
operationInProgress 0..1 Boolean inherited from: Control
timeStamp 0..1 DateTime inherited from: Control
unitMultiplier 0..1 UnitMultiplier inherited from: Control
unitSymbol 0..1 UnitSymbol inherited from: Control
description 0..1 String inherited from: IdentifiedObject

mRID 1.1 String inherited from: IdentifiedObject
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name mult type description
name 1.1 String inherited from: IdentifiedObject

Table 373 shows all association ends of SetPoint with other classes.

Table 373 — Association ends of OperationProfile::SetPoint with other classes

mult
from

name

mult
to

type

description

0..1 AnalogValue

1.1 AnalogValue

inherited from: AnalogControl

0..7 PowerSystemResource

0..1 PowerSystemResource

inherited from: Control

5.3.29 StringMeasurement

Inhegritance path = Measurement: IdentifiedObject

StringMeasurement represents a measurement with values of typeistring.

Table 374 shows all attributes of StringMeasurement.

Table 374 — Attributes of OperationProfile::StringMeasurement

name mult type description
megasurementType 1.1 String inherited from: Measurement
phdses 0..1 PhaseCode inherited from: Measurement
unifMultiplier 1.1 UnitMultiplier inherited from: Measurement
uni{Symbol 1.1 UnitSymbél inherited from: Measurement
degcription 0..1 String- inherited from: IdentifiedObject
mRID 1.1 Stting inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

TabJe 375 shows all‘association ends of StringMeasurement with other classes.

Table 375 — Association ends of OperationProfile::
StringMeasurement with other classes

mult name mult type description
frc';}n to

0..* Terminal 0..1 ACDCTerminal inherited from: Measurement
0..* PowerSystemResource 1.1 PowerSystemResource inherited from: Measurement

5.3.30 StringMeasurementValue

Inheritance path = MeasurementValue: I0Point: IdentifiedObject

StringMeasurementValue represents a measurement value of type string.

Table 376 shows all attributes of StringMeasurementValue.
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Table 376 — Attributes of OperationProfile::StringMeasurementValue

name mult type description
timeStamp 0..1 DateTime inherited from: MeasurementValue
sensorAccuracy 0..1 PerCent inherited from: MeasurementValue
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

TabJe 377 shows all association ends of StringMeasurementValue with other classes,

Table 377 — Association ends of OperationProfile::
StringMeasurementValue with other classes

mult name mult type description
from to
0..1 StringMeasurement 1.1 StringMeasurement Measurement'to which this value is
connected.
0..71 MeasurementValueSour 1.1 MeasurementValueSour inherited from: MeasurementValue
ce ce
5.3.31 (abstract) Terminal

Inhgritance path = ACDCTerminal: IdentifiedObject

An AC electrical connection point to a piece@fconducting equipment. Terminals are conne

at physical connection points called connectivity nodes.

Tabje 378 shows all attributes of Terminal.

Table 378 <,Attributes of OperationProfile::Terminal

cted

name mult type description
degcription 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: |dentifiedObject
name 1.1 String inherited from: IdentifiedObject

5.3.82/,"ValueAliasSet

Inheritance path = IdentifiedObject

Describes the translation of a set of values into a name and is intendend to facilitate custom
translations. Each ValueAliasSet has a name, description etc. A specific Measurement may
represent a discrete state like Open, Closed, Intermediate etc. This requires a translation from
the MeasurementValue.value number to a string, e.g. 0->"Invalid", 1->"Open", 2->"Closed",
3->"Intermediate". Each ValueToAlias member in ValueAliasSet.Value describe a mapping for
one particular value to a name.

Table 379 shows all attributes of ValueAliasSet.
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Table 379 — Attributes of OperationProfile::ValueAliasSet

name mult type description
description 0..1 String inherited from: IdentifiedObject
mRID 1.1 String inherited from: IdentifiedObject
name 1.1 String inherited from: IdentifiedObject

5.3.33 ValueToAlias

Inhgritance path = IdentifiedObject

Desgcribes the translation of one particular value into a name, e.g. 1 as "Open".
Table 380 shows all attributes of ValueToAlias.

Table 380 — Attributes of OperationProfile::ValueToAlias

name mult type description
vallie 1.1 Integer The value that is"mapped.
dedcription 0..1 String inherited from: IdentifiedObject
mR[ID 1.1 String inherited from: IdentifiedObject
name 1.1 String infierited from: IdentifiedObject

Tabje 381 shows all association ends of ValueToAlias with other classes.

Table 381 — Association ends of OpérationProfile::ValueToAlias with other classes

mult name mult type description

from to

1.7 ValueAliasSet +.4 ValueAliasSet The ValueAliasSet having the
ValueToAlias mappings.

5.3.34 PhaseCode enumeration

An |unordered «enumeration of phase identifiers. Allows designation of phases for both
transmission.and distribution equipment, circuits and loads. The enumeration, by itself, does
not |describe_how the phases are connected together or connected to ground. Ground is| not
explicitly"denoted as a phase.

Residemtiat—amd—snmattcommerciattoads—are ofterm—served—fromsingte-phase;or split-pirase,
secondary circuits. For the example of s12N, phases 1 and 2 refer to hot wires that are 180
degrees out of phase, while N refers to the neutral wire. Through single-phase transformer
connections, these secondary circuits may be served from one or two of the primary phases A,
B, and C. For three-phase loads, use the A, B, C phase codes instead of s12N.

The integer values are from IEC 61968-9 to support revenue metering applications.

Table 382 shows all literals of PhaseCode.
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Table 382 — Literals of OperationProfile::PhaseCode

literal value description
ABCN 225 Phases A, B, C, and N.
ABC 224 Phases A, B, and C.
ABN 193 Phases A, B, and neutral.
ACN 41 Phases A, C and neutral.
BCN 97 Phases B, C, and neutral.
AB 132 Phases A and B.
AC 96 Phases A and C.
BC 66 Phases B and C.
AN 129 Phases A and neutral.
BN 65 Phases B and neutral.
CN 33 Phases C and neutral.
A 128 Phase A.
B 64 Phase B.
C 32 Phase C.
N 16 Neutral phase’
s1N 528 Secondary phase 1 and neutral.
s2N 272 Segondary phase 2 and neutral.
s12N 784 Secondary phases 1, 2, and neutral.
s1 512 Secondary phase 1.
s2 256 Secondary phase 2.
s12 768 Secondary phase 1 and 2.
norje 0 No phases specified.
X 1024 Unknown non-neutral phase.
XY 3072 Two unknown non-neutral phases.
XN 1040 Unknown non-neutral phase plus neutral.
XYN 3088 Two unknown non-neutral phases plus neutral.
5.3.85 Sourceenumeration
Soufrce gives-information related to the origin of a value.
Table 383 shows all literals of Source.

Table 383 — Literals of OperationProfile::Source

literal value description
PROCESS The value is provided by input from the process
1/0 or being calculated from some function.
DEFAULTED The value contains a default value.
SUBSTITUTED The value is provided by input of an operator or
by an automatic source.
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5.3.36 UnitMultiplier enumeration

The unit multipliers defined for the CIM. When applied to unit symbols, the unit symbol is treated
as a derived unit. Regardless of the contents of the unit symbol text, the unit symbol shall be
treated as if it were a single-character unit symbol. Unit symbols should not contain multipliers,
and it should be left to the multiplier to define the multiple for an entire data type.

For example, if a unit symbol is "m2Pers" and the multiplier is "k", then the value is k(m**2/s),
and the multiplier applies to the entire final value, not to any individual part of the value. This
can be conceptualized by substituting a derived unit symbol for the unit type. If one imagines
that the symbol "b" represents the derived unit "m2Pers", then applying the multiplier "k" can
be gonceptualized simply as "kp".

Forlexample, the Sl unit for mass is "kg" and not "g". If the unit symbol is defined as ['kg", then
the multiplier is applied to "kg" as a whole and does not replace the "k" in front.of the "g}. In
this|case, the multiplier of "m" would be used with the unit symbol of "kg" to represent one gram.
As g text string, this violates the instructions in IEC 80000-1. However, because the unit symbol
in CIM is treated as a derived unit instead of as an Sl unit, it makes more sense to conceptuglize
the ['kg" as if it were replaced by one of the proposed replacements for’the S| mass symbgl. If
one|imagines that the "kg" were replaced by a symbol "P", then it is easier to conceptualize the
mulfiplier "m" as creating the proper unit "mpP", and not the forbidden-unit "mkg".

Table 384 shows all literals of UnitMultiplier.

Table 384 — Literals of OperationProfile::UnitMultiplier

literal value description
y -24 Yocto 10**-24.
z =24 Zepto 10**-21.
a =18 Atto 10**-18.
f -15 Femto 10**-15.
p -12 Pico 10**-12.
n -9 Nano 10**-9.
midro -6 Micro 10**-6.
m -3 Milli 10**-3.
c -2 Centi 10**-2.
d -1 Deci 10**-1.
norle 0 No multiplier or equivalently multiply by 1.
da 1 Deca 10**1.
h 2 Hecto 10**2.
k 3 Kilo 10**3.
M 6 Mega 10**6.
G 9 Giga 10**9.
T 12 Tera 10**12.
P 15 Peta 10**15.
E 18 Exa 10**18.
z 21 Zetta 10**21.
Y 24 Yotta 10**24.
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5.3.37 UnitSymbol enumeration
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The derived units defined for usage in the CIM. In some cases, the derived unit is equal to an
Sl unit. Whenever possible, the standard derived symbol is used instead of the formula for the
derived unit. For example, the unit symbol Farad is defined as "F" instead of "CPerV". In cases
where a standard symbol does not exist for a derived unit, the formula for the unit is used as
the unit symbol. For example, density does not have a standard symbol and so it is represented
as "kgPerm3". With the exception of the "kg", which is an Sl unit, the unit symbols do not contain
multipliers and therefore represent the base derived unit to which a multiplier can be applied as

a whole.

EvePy unit symbol is treated as an unparseable text as if it were a single-letter symbol. [The
megning of each unit symbol is defined by the accompanying descriptive text and notlby| the

text|contents of the unit symbol.

To allow the widest possible range of serializations without requiring special character handling,
several substitutions are made which deviate from the format described in(IEC 80000-1. [The
divigion symbol "/" is replaced by the letters "Per". Exponents are written im\plain text after] the
unitjas "m3" instead of being formatted as "m" with a superscript of 3, Or, introducing a symbol
as ih "m”3". The degree symbol "°" is replaced with the letters "deg; \ Any clarification of|the

medning for a substitution is included in the description for the unit"'symbol.

Non-Sl units are included in list of unit symbols to allow sourcesof data to be correctly labglled
with their non-SlI units (for example, a GPS sensor that is reporting numbers that represent [feet
instead of meters). This allows software to use the unit ‘symbol information correctly conyvert

and|scale the raw data of those sources into Sl-based-ltnits.

The|integer values are used for harmonization with IEC 61850.

TabJe 385 shows all literals of UnitSymbol,

Table 385 — Literals’of OperationProfile::UnitSymbol

literal value description

norle 0 Dimension less quantity, e.g. count, per unit, ¢tc.

m 2 Length in metres.

kg 3 Mass in kilograms. Note: multiplier "k" is
included in this unit symbol for compatibility wjith
IEC 61850-7-3.

s 4 Time in seconds.

5 Current in amperes.

K 6 Temperature in kelvins.

mo 7 Amount of substance in moles.

cd 8 Luminous intensity in candelas.

deg 9 Plane angle in degrees.

rad 10 Plane angle in radians (m/m).

sr 11 Solid angle in steradians (m2/m2).

Gy 21 Absorbed dose in grays (J/kg).

Bq 22 Radioactivity in becquerels (1/s).

degC 23 Relative temperature in degrees Celsius.
In the Sl unit system the symbol is °C. Electric
charge is measured in coulomb that has the unit
symbol C. To distinguish degree Celsius from
coulomb the symbol used in the UML is degC.
The reason for not using °C is that the special
character ° is difficult to manage in software.



https://iecnorm.com/api/?name=fad29634370e156fe69d1695cc384673
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