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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 452: CIM model exchange specification

T\ VA T\

1) The|lnternational Electrotechnical Commission (IEC) is a worldwide organization for, hprising
all pational electrotechnical committees (IEC National Committees) bromote
interjnational co-operation on all questions concerning standardization in the elgctrica € ields. To
this |end and in addition to other activities, IEC publishes International Standards, T i fications,
Technical Reports, Publicly Available Specifications (PAS) and Guideg e g as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IE erested
in the subject dealt with may participate in this preparatory wor hd non-
govégrnmental organizations liaising with the IEC also participate in”this\prepara on IEC coIIaborates closely
with| the International Organization for Standardization (ISO) in_acesorda ined by
agrdement between the two organizations.

2) Thelformal decisions or agreements of IEC on technical matters express,'a hational
congensus of opinion on the relevant subjects since ¢ calxco from all
intefested IEC National Committees

3) IEC|Publications have the form of recommendati for internationakdse|"and are accepted by IEC National
Conmittees in that sense. While all reasona i ade o ensutre that the technical content of IEC
Publications is accurate y in which they are used or |for any
misipterpretation by any end user

4) In ofder to promote international uniformit ompiittees undertake to apply IEC Publications
trangparently to the maximum\exte | and regional publications. Any divergence
between any IEC Publication.and ar regional publication shall be clearly indifated in
the [atter

5) IEC |itself does not provide hformity
assgssment servige € IEC marks of conformity. IEC is not responsible|for any
servjces carried @ i

6) All users should ensuré that\the edition of this publication.

7) No ljability shall attac ors, employees, servants or agents including individual exp¢rts and
menjbers of its teghni i C National Committees for any personal injury, property damage or
other damage™~of any 2 , wWhether direct or indirect, or for costs (including legal feps) and
expgnses atising™aut of\the “publication, use of, or reliance upon, this IEC Publication or any other IEC
Publicatiens

8) Atteptio ative references cited in this publication. Use of the referenced publicgtions is
indigpens ect/application of this publication

9) Atteption is drawn to the possibility that some of the elements of this IEC Publication may be the sybject of
patent rights, TEC shallnot be held responsible for identifying any or all such patent rights.

The present part of International Standard IEC 61970 has been prepared by IEC teghnical

committee 57: Power systems management and associated information exchange.

This second edition cancels and replaces the first edition published in 2013. This edition
constitutes a technical revision.

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

a) subclause 3.3, Transformer modeling — Updated description of transformer modelling to
reflect changes in the modelling of transformers to work for both transmission and
distribution systems;

b) subclause 3.5.1, Use of measurement classes — General — Updated to reflect changes to
the measurement model;
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c)

d)

subclause 3.5.2, ICCP data exchange — Updated to reflect changes to the use of
identification in the model (IdentifiedObject, Name, and NameType);

the following detailed changes were made to Clause 4, CIM Equipment Profile:

Added Measurement.unitMultiplier and Measurement.unitSymbol to replace
association to class Unit.

Added PowerTransformerEnd to replace TransformerWinding.

Made PhaseTapChanger not concrete (abstract) and added
PhaseTapChangerNonLinear (also not concrete), PhaseTapChangerSymetrical,
PhaseTapChangerAsymetrical, and PhaseTapChangerLinear.

Added PhaseTapChanger TransformerEnd o replace

PhaseTapChanger.TransformerWinding.

Added RatioTapChanger.TransformerEnd to replace
RatioTapChanger.TransformerWinding.

Added TapChangerControl class to replace direct link Tap

Changed all attributes of LoadR
exponentModel.

stating that “Either an association to Equipn
ustbe supptied, but not both.”

an optional attribute.

Added classes Name and NameType to profile.

ntrol.

ent or

the profile so that ratedS can be inherit¢gd by

to be

Removed PowerTransformer.vectorGroup from the profile.

Added PowerTransformerEnd.phaseAngleClock as an optional attribute.

Made attributes RegulatingControl.targetRange and targetValue optional and added a

note stating that they are not required if a RegulationSchedule is provided.

Added TransformerEnd.endNumber to the profile for use with
PowerTransformerEnd.phaseAngleClock.

Added association OperationalLimt.OperationalLimitSet.
Added association Name.ldentifiedObject.

Updated PowerTransformer profile description to also refer to Terminals.

Changed reference to association RegulatingControl.RegulationSchedule to use

RegulationSchedule.RegulatingControl instead.
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Changed TapChanger attributes highStep, lowStep, neutralStep and normalStep to
optional, because they are not required if the ItcFlag is false.

Changed BasicIntervalSchedule.value2Unit and RegularTimePoint.value2 to optional,
because they are not required for RegulationSchedule, TapSchedule or
SwitchSchedule.

Changed Analog.positiveFlowln to be optional, because not all analogs have a flow
direction (voltage, for instance).

Added PowerTransformerEnd.g as optional attribute.

Added SynchronousMachine.referencePriority as optional attribute.
Added nrofile descrintion for Accumulator\/aliie Analog\Value—and—DiscreteValue
L L ’ g 7

explaining that the classes are only used to define measurements ilable via|ICCP,
not to supply values for those measurements.

Added attribute Switch.retained as required.

Added association TransformerEnd.BaseVoltage as optio

Made association ControlArea.energyArea optional.

Kkt of this standard is based on the following documen

CbhV éep?ﬂ\?n vating
57/1451/CDV (\ \6771503/RvC
N U

thi st;dgdc\a/n be found in the report on

formation on the voting for the a
indicated in the above table.

of all parts ublished under the general title Eknergy

nterface (EMS-API), can be found on the IEC

ohtents of this publication will remain unchangeld until
hbility dat ica C web site under "http://webstore.iec.ch" in the data

ual version of this publication may be issued at a later date

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates

that
under

it contains colours which are considered to be useful for the correct
standing of its contents. Users should therefore print this document using a

colour printer.
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INTRODUCTION

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

The IEC 61970-3x series of documents specify 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 61970-4x series of Component Interface Standards
(CIS). The IEC 61970-3x series includes IEC 61970-301, Common Information Model (CIM)
base and draft standard IEC 61970-302, Common Information Model (CIM) Financial,

ESeTvations.

Standards that

the functional requirements for interfaces that a componént \(or i shall
implement to exchange information with other components (or applications). at ccess
publicly available data in a standard way. The component i S }ecific
message contents and services that can be used by applica . The
implenmentation of these messages in a particular technology is~descrkibed in\EC 61970-5.
This pprt of IEC 61970 specifies the specific profiles’ (or sub CIM for exchange of
static | power system data between utilities, and other gntities
participating in a interconnected pow SUC rties have access [to the
modeling of their neighbor’s systems/that is r S ute” state estimation or|power
flow a}plications. Currently only one™profile,\the ' Profile, has been defined. A
compdgnion standard, IEC 61970-552, defir ML Medel Exchange Format bagsed on
the Resource Description Framewo specification language whjich is
recommended to be used to_transfer powe odeldata for the IEC 61970-452 profile.

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

Part 452: CIM model exchange specification

1 Scope

ThIS GII. Uf II_C 01979 o d IIIUIIIbUI Uf LhU :EC 81079 450 tU 493 OUI;UO that, talr\cl aS a
whole| defines at an abstract level the content and exchange mecha sed \fofr data
transnitted between control centers and/or control center components.

The plirpose of this document is to rigorously define the subset of cl ributes,
and rdles from the CIM necessary to execute state estimation”and po ications.
The North American Electric Reliability Council (NERC) D 3 Group
(DEW@G) Common Power System Modeling group (CPSM data
requirgments, which are shown in Annex C. These requi on prior industry
practides for exchanging power system model data”for i ily in” planning sfudies.
HoweVer, the list of required data has been extended i model exchande that
includ¢s parameters common to breaker-orient D . Where necessarly this
document establishes conventlons sho [ whigh an XML data file must
compl

This dpcument is intended for two distinct audie ) a producers and data recipients, and
may be read from two perspectives.

From [the standpoint of m 3 , the doqument
describes a minimum | subset _of CIM classe st be
present in an XM rmatted data file . e how
the nefwork is N jctates what classes, attributes, and assoc|ations
are to be used tg descrj e model as it exists. All classes, attributeg, and
associgtions not ¢ 3 recommended or conditionally required shodlild be
considered required owing/caveat. Consider, as an example, the situation injwhich
an exporter pre datafile describing a small section of the exporter’'s ngtwork
that hpppen eakers. The resulting XML data file should, thereforle, not
contai the Breaker class. On the other hand, if the section of the expprter’s
netwofk C breakers, the resulting data file should contain instances of the Breaker
class fhat in 2 inimum, the attributes and roles described herein for Brgakers.

Furthermore, ,
XML data(file confaining additional class data described by the CIM RDF Schema
requirgd<by this document provided these data adhere to the conventions establis

ce an
ut not
hed in

Clause-5:

From the standpoint of the model import used by a data recipient, the document describes a

subset of the CIM that importing software must be able to interpret in order to import ex

ported

models. As mentioned above, data providers are free to exceed the minimum requirements
described herein as long as their resulting data files are compliant with the CIM RDF Schema
and the conventions established in Clause 5. The document, therefore, describes additional

classes and class data that, although not required, exporters will, in all likelihood, cho

ose to

include in their data files. The additional classes and data are labeled as recommended or as
not required to distinguish them from their required counterparts. Please note, however, that

data importers could potentially receive data containing instances of any and all ¢
described by the CIM RDF Schema.

lasses
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any
amendments) applies.

NOTE For general glossary definitions, see IEC 60050, International Electrotechnical Vocabulary.

IEC 61970-301:2013, Energy management system application program interface (EMS-API) —
Part 301: Common information model (CIM) base

(EMS=API) —
schema

IEC 61970-501, Energy management system application program inte
Part 501: Common Information Model Resource Description Framework/{¢

3 Ovyerview of data requirements

3.1 Overview

An ex{ensive discussion of the model exchange use €ase 2 e In all
cases | the purpose of this standard is:

e [To improve the accuracy of pow ¢ @ i cularly
the representation of parts of the ide the_primary domain of the system in

e |To achieve consistency among/the mod d by the various systems that jplay a

e |To reduce the ove: i critical models used in operating or planning

subsef of the fu exchange sufficient power system data to support

The clpsses, attri:ute associaii identified in this document represent the mipimum
state gstimation and p

3.2 General réquiren

The following require » general in nature or involve multiple classes. Additional

— The cardi efined’in the CIM model shall be followed, unless a different cardinplity is
explicitly «defined \in this document. For instance, the cardinality on the assofiation
befween Voltageléevel and BaseVoltage indicates that a VoltageLevel shall be assqciated

with ©ng” and only one BaseVoltage, but a BaseVoltage can be associated with Zero to
many \/nlfngnl evels

— Associations between classes referenced in this document and classes not referenced
here are not required regardless of cardinality. For instance, the CIM requires that a
HydroGeneratingUnit be associated with a HydroPowerPlant. Because the
HydroPowerPlant class is not included in this document the association to
HydroPowerPlant is not considered mandatory in this context.

— The attribute “name” inherited by many classes from the abstract class IdentifiedObject is
not required to be unique. The RDF ID 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. The additional attribute of
IdentifiedObject, aliasName, is not required.

— Although not defined within this profile, the IdentifiedObject.mRID attribute should be used
as the RDF ID. The RDF ID can not begin with a number. An underscore should be added
as the first character if necessary. The RDF ID shall be globally unique. A prefix may be
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added, if necessary, to ensure global uniqueness, but the RDF ID including the prefix shall
be within the maximum character limit specified below.

The maximum character length of names and identifiers are listed below.
e rdf:ID — 60 characters maximum

¢ IdentifiedObject.name — 32 characters maximum

¢ IdentifiedObject.aliasname — 40 characters maximum

To maintain a consistent naming hierarchy, each Substation shall be contained by a
SubGeographicalRegion and each SubGeographicalRegion shall be contained by one and

minal is not associated to a ConnectivityNode.

UT|F-8 is the standard for file encoding. UTF-16 is not supported:

Instance data to be exchanged shall make use of the mos . The

classes GeneratingUnit, Switch, and EnergyConsumer if the
infpormation to determine the more detailed gUnit,
HyfdroGeneratingUnit, Breaker, Disconnector, etc.) i
3.3 [Transformer modeling
A two|winding PowerTransformer has two Pow ion to
specify the impedance values for the gquivale t them
betweg¢n the two ends. The impedance de as

shown|in Figure 1.

A thrde winding

IEC
e 1 — Two winding transformer impedance

erTransformer has three PowerTransformerEnds. The equivalgnt pi-

model| confesponds™~o three ends connected in wye configuration as shown below. The
impedance  values for a three winding transformer are specified on each of the| three
Trans ||||c|\vAv'i||di||yb. Fachr—of—the—ends—has—series ;Illpcdallbcb |||-rj1\|| and—stront n+jbn

where n is: p for primary, s for secondary and t for tertiary as shown in Figure 2.
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rs +jxs Secondary

rp + jxp

Primary Tertiary

gs + jbs

Additignal requirements related to transformer modeling are liste

— Eaph PowerTransformer and its associated PowerTransfo Ends and tap changers
(RatioTapChanger, PhaseTapChangerLinear, 1 ymetrical, and
PhhaseTapChangerAsymetrical) shall be contain ithj 1€ stbstation. For the cage of a
trapsformer that connects two substations ; F rminal of one of the

PowerTransformerEnds can be cognnected ivityNode defined in Tother
subpstation. In this case, the P6 ] ‘ =fTransformerEnds, the tap
changers are still all defined in one

— A PowerTransformer shall be contained by a bstation. A PowerTransformerEnd shall be

comtained by a PowerTransformer.( AR hanger, PhaseTapChangerlinear,
PhhaseTapChangerSymeétrical,-and RhaseTapChangerAsymetrical shall be containefl by a
PowerTransformerEnd:

— Eafph PowerTran two and no more than | three

PowerTransfopmer formerEnd can have at most one tap changer
(RaztioTapCh, \ efLinear, PhaseTapChangerSymetrical, or
PhaseTapChangerA ical). SowerTransformerEnd does not have an assdciated

tag changer, the &

Multiple types of re 8 > ers are supported by the CIM model. Depending pn the
regulation effects of tap movement will be defined using the
RatioTlapChanger.cla TapChangerLinear class, PhaseTapChangerSymetrical|class,
or PhaseTap( \ Y cal class. Each of these classes are subtypes of the

3.4 |Modeling authorities

From threuse—cases—formodet c/\uhallyc detatted—n—Annex A, tt—ts—ctear-thatmost—sttdations
involve multiple entities that shall cooperate. In these situations, it is very important to
establish which entity has the authority for modeling each region or set of data objects. For
this purpose we use the concepts of ModelingAuthority and ModelingAuthoritySet.
ModelingAuthority and ModelingAuthoritySet are not defined as classes in the normative
portion of the CIM. When multiple modeling entities are involved, each modeled object is
assigned to a ModelingAuthoritySet. A ModelingAuthority can be responsible for one or more
ModelingAuthoritySets. A more detailed description of the use ModelingAuthorities and
ModelingAuthoritySets can be found in AnnexB. When using the concept of
ModelingAuthoritySets, a single file shall contain only data objects associated with a single
ModelingAuthoritySet.
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3.5 Use of measurement classes
3.5.1 General

Use of the CIM Measurement classes (Analog, Accumulator, and Discrete) is frequently
misunderstood and has changed over time. Previously in addition to the use representing
points 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 define where telemetry is available and to facilitate exchange of ICCP data.

A Measurement shall be associated with a PowerSystemResource to convey containment
information for the Measurement. Transmission line measurements should be associated with
an ACEneSegment not with a Line. Transformer measurements should be-associated|with a

Power[Transformer, not with a Transformer Winding. Voltage meas remen sholld be
associpted with a piece of equipment, not with a VoltagelLevel. A Tag easufement

shall |be associated with a tap changer (RatioTapChanger, Pha apChangerlinear,
Phase[lapChangerSymetrical or PhaseTapChangerAsymetric itchPpsition
measyrement shall be associated with a Switch or a subtype of Swi

The Measurement may also be associated with one of the \ NG ted with g piece

of eqUipment. For measurements representing actugz S it is esplecially
important that the association to a Terminal definés the ifi pological point |in the
netwofk that is measured. A Measurement can be assodjaf i most one Terminall Each
flow mpeasurement (active power, shall be associated with a
terminpl. This association is particula , imation. The measufement
shall e associated with the correct iece of conducting equipment that is
being measured (SynchronousMe 3 . , ACLineSegment,
Power|lransformer, iati ; ent with a terminal of the |wrong
equipment or the termmal on the wrang end ef orrect piece of equipment will [cause
problens for State Estimatio s, of measurement, TapPositiop and

Three | subtypes o included in this profile, Analog, Accumulatof, and
Discrete. To de i ing 'me gd, the attribute Measurement.measurementType
is usgd, but onl iCU entTypes are valid for each of the subtypes of
Measurement. Th

le 1 — Valid measurementTypes

MRa{mem\egt Subclass measurementType
\ ThreePhasePower

ThreePhaseActivePower

ThreePhaseReactivePower

lineCurrent

Analog
PhaseVoltage

LineTolLineVoltage

Angle

TapPosition

ApparentEnergy

ReactiveEnergy

Accumulator
ActiveEnergy

SwitchPosition

Discrete
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3.5.2 ICCP data exchange

In the context of this data exchange profile, ICCP Data Exchange is only for the purpose of
defining input measurements for use by State Estimator. It is not meant to be used to
configure bidirectional ICCP exchange.

ICCP (known officially as IEC 60870-6 TASE.2) data is exchanged using the Measurement
classes (Analog, Discrete, and Accumulator), the MeasurementValue classes (AnalogValue,
DiscreteValue, and AccumulatorValue), and the MeasurementValueSource class. The
MeasurementValueSource class is used to define the control center supplying the ICCP data.
The MeasurementValueSource shall be associated with an instance of Name where the
attribute Name.name holds the name of the supplying control center. The instance of
NameType associated with the control center Name shall have the NameFype.name attribute
set to [ICCP Provider ID”.

The MeasurementValue classes are used to specify the ICCP ID.

shall e associated with an instance of Name where the attribute ICCP
ID. The e the
NameTlype.name attribute set to “ICCP ID”. The Measure ds the
SCADA point name. Each MeasurementValue will be assot Each
MeasyrementValue being supplied via to a
MeasyrementValueSource.

To clgarly specify the point in the s uld be
associpted with a Terminal. For a swi to the
appropriate PowerSystemResource repre

3.6 |Voltage or active power regulatio

To usp CIM to define h i regulates a point in the system, an
associption is defined i chine,

ShuntCompensator,

Phase[lapChangefS
RegulatingContr

PhaseTapChangerlinear,
and an instange of

| shall
be asdqociated with”a er to a
Terminal associate Lilation
purpoges the co 3 with a
BusbarSectior. defines the point of regulation. The association bgtween
RegulatingControl apChangerControl and Terminal is required to define regulafion of
voltage st power. For a SynchronousMachine, = ShuntCompensator,
StaticYarGamp RatioTapChanger, PhaseTapChangerlinear,

Phase[lapChangerSymetrical or PhaseTapChangerAsymetrical that is not regulating, the
associrtion torRegulatingControl or TapChangerControl is not required.

3.7 Use of curves

3.71 General

The use of the Curve and CurveData attributes will differ for the different types of curves
derived from Curve. To define a Y value that does not change, the curveStyle attribute should
be set to “constantYValue”. In this case, only one instance of CurveData should be included
defining the single point for the curve. Because the Y value is constant, the CurveData.xvalue
value will be ignored, if it is supplied at all. A curve should never have multiple instances of
CurveData where the xvalue value is repeated.

3.7.2 Generating unit reactive power limits

Generating 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
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a SynchronousMachine should be associated with a default ReactiveCapabilityCurve
he SynchronousMachine.InitialReactiveCapabilityCurve association.

If the reactive power limits of the generating unit do not vary with the real power output, the

reactiv

e power limit attributes on the SynchronousMachine class, minQ and maxQ, can be

used. If the reactive power output of the generating unit is fixed, the reactive power limits

should

both be set to the fixed reactive output value.

3.8 Definition of schedules

The use of the RegularlntervaIScheduIe and RegularTimePoint attributes WI|| d|ffer for the

differe
for a

chedule, the date portion of the dateTime format can be eIiminat hich |eay

ISO 8601 time of day format “hh:mm:ss”. hours
that have passed since midnight, mm is the number of complete min of the
hour

The e :00:00".
The la :00:00".
The pqi

A schedule defining a day shall be defined with m It|p e Reg arT imePoi iatgd with
the sa ;

For sc bn and
DayType are not required. If a schedule 3 3 i , nedule
will be| considered valid for all Seasons. ¥ Ciation
to a DayType, the schedule will be conside o.applytoall days of the week.

When h as
Confo ined for

a give

4.1
This ¢ at will be used for data exchange and the classes, attributes,
and a$ are\a part of each profile. Included are all the classes that a data
consu:l:'u peeted to recognize in the data being consumed. Additional classes are
referepced _in-this chapter, when the classes to be exchanged inherit attribuies or
associptions;* For instance, many classes inherit attributes from the class IdentifiedQbject.
HoweVef/no instances of the class IdentifiedObject would exist in the data exchanggd, so
Identlf UdCUJUUL hao IIUI. bUGII III\J:udCd LLIL th °Ut Uf CIInV‘I b:GOOUO fUI c/\uhallyc
The profiles and associated URIs are listed in Table 2.
Table 2 — Profiles defined in this document

Name Version URI Revision date

Equipment 2 http://iec.ch/TC57/61970-452/Equipment/2 2011-05-17
4.2 Concrete Classes
4.2.1 Accumulator

Meas
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Accumulator represents a accumulated (counted) Measurement, e.g. an energy value.

being used. See section Use of Measurement Class for details.

The association to Terminal may not be required depending on how the Measurement is

The measurementType attribute is used to define the quantity being measured (Voltage,

ThreePhaseActivePower, etc.) by a Measurement. The valid values for measurementType
are defined in Normative String Tables.

Inherited Members

measurementType 1.1 string see Measurement
unitMulfiptier 1 gnitvuaitiptier See Neasurement
unitSynjbol 1.1 UnitSymbol dee Measuremgnt
PowerSystemResource | 1..1 PowerSystemResource /| See-Measurement
Terminal 0..1 Terminal <\ see surement
<
aliasNajme 0..1 string . Ch\see Identifieddbject
name 1.1 string [ see'ldentifieddbject
A

4.2.2 AccumulatorValue

Meas

AccumulatorValue represents an accumu asurementValue.

In the
via IC
attribu

Native Members@

pilable
value

Accumy

lator

Accumulator

Measurement fo

which this valug is
connected.
Inheri e@%\\)
Measur 1 MeasurementValueSo | see

emeﬁr\@&}u\r&/ 1..

urce

MeasurementValue

aliasName 0..1 string see ldentifiedQbject
name L 4 string seetdentifiedS bject
4.2.3 ACLineSegment
Wires

A wire or combination of wires, with consistent electrical characteristics, building a single
electrical system, used to carry alternating current between points in the power system.

For symmetrical, transposed 3ph lines, it is sufficient to use attributes of the line segment,
which describe impedances and admittances for the entire length of the segment. Additionally
impedances can be computed by using length and associated per length impedances.

association to Line is not required.

Each ACLineSegment is required to have an association to a BaseVoltage. The
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— Using the EquipmentContainer association, an ACLineSegment can only be contained by
a Line, but the association to Line is not required.

Native Members

bOch

Susceptance

Zero sequence
(charging)
susceptance,

shunt

uniformly distributed,

of the entire lin
section.

e

bch

Suscenptance
o ptah

B it
Positive-segueqce

untchargdin

length of the li

)

iputed,

e
hlue
full

over :Lhe full

e.

gOch

Conducta

9

A

Zerb sequence)
charging)
conductance,
uniformly distri

of the entire line

section.

shunt

buted,

gch

0..1

D

C%nce

Positive seque

shunt (charging)

conductance,
uniformly distri

of the entire linfe

section.

nce

buted,

Resistance

Positive seque
series resistan
the entire line 4§

nce
ce of
section.

ro

Resistance

Zero sequence
resistance of th
entire line sect

series
e
on.

Reactance

Positive seque
series reactang
the entire line 4§

nce
e of
section.

x0

7
% L A .

Reactance

Zero sequence
reactance of th
entire line sect

series
e
on.

Inherit

fedMembers

length

Length

see Conductor

BaseVoltage

BaseVoltage

see

ConductingEquipment

aggregate

boolean

see Equipment

Equipm

entContainer

EquipmentContainer

see Equipment

aliasNa

me

string

see ldentifiedObject

name

string

see ldentifiedObject
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4.2.4 ActivePowerLimit

OperationalLimits
Limit on active power flow.

Native Members

value 1.1 ActivePower

Value of active power
limit.

Inherited Members

OperatipnalLimitSet 1.1 OperationalLimitSet

see OpenationglLimit

OperatipnalLimitType | 1..1 OperationalLimitType

Nsee'‘QperationglLimit
XN/

aliasName 0..1 string { see Identifieddbject
name 1.1 string _ ~Nsee Identifieddbject
4.2.5 | Analog \\>

Meas

Analog represents an analog Measuren

— The positiveFlowln attribute is onl
floyw of power.

— The association to Ter

— The measurement

ThieePhaseActiveP
arqg defined ®

Nativd Members

Measurement measures a direftional

o-define the quantity being measured (Voltage,
easurement. The valid values for measurementType

positivelFlowl \> boolean If true then this
measurement is|an
active power, repctive

x power or currenf with
the convention that a
positive value
measured at the
Terminal means| power
is flowing into the
related
PowerSystemResource
Inherited Members

measurementType 1.1 string see Measurement

unitMultiplier 1.1 UnitMultiplier see Measurement

unitSymbol 1.1 UnitSymbol see Measurement

PowerSystemResourc | 1..1 PowerSystemResourc | see Measurement

e e

Terminal 0..1 Terminal see Measurement

aliasName 0..1 string see ldentifiedObject

name 1.1 string see ldentifiedObject
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AnalogValue represents an analog MeasurementValue.
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In the context of this profile this class is only used to define measurements that are available
via ICCP. It is not used to supply values for those measurements. Consequently the value
attribute is not included in this profile.

Native Members /\(\

Analog 1.1 Analog Measurement to
\vﬂ; this blue is
\QO ected.

Inherited Members Q s\\/

MeasurementValueSo | 1..1 Me:;u/remw seé

urce urc ) easurement\Value

AN/ A

aliasName 0..1 rstring /. ) . > | see Identifieddbject

name 1.1 string <\ ) see |ldentifieddbject

4.2.7 ApparentPowerLimit

OperationalLimits Q

Appargnt power limit.

Native Members@

value x \1\\1 \_/ ApparentPower The apparent| power
limit.

Inheri e@e&be§\\)

OperatipnalLimjtSét \| T-A OperationalLimitSet see OperationglLimit

OperatianaILimitMe 1.1 OperationalLimitType | see OperationglLimit

aliasName 0..1 string see ldentifiedgbject

name 1 String See IdentifiedObject

4.2.8 BaseVoltage

Core

Defines a system base voltage which is referenced.

Native Members

nominalVoltage 1.1 Voltage The power system
resource's base

voltage.
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aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject
4.2.9 Bay
Core

A collection of power system resources (within a given substation) including conducting
protection relays, measurements, and telemetry. A bay typically represents a

equipment,
physic

— The Bay class is used as a container for Switches. Switches can gi

in

he sending system, then Bays are not required.

Nativg Members
VoltagelLevel 1.1 Voltag he/ voltage| level
containing this|bay.
Inherited Members /@W (\\>
aliasName 0..1 string see ldentifiedgbject
name 1.1 \s(er\ see |ldentifieddbject
4.2.10| Breaker Q \>
Wires

A meghanical switching device )
normal circuit con ons.and also.making

under gpecified ab

ed Megbe\

Inheri

e.g.

making, carrying, and breaking currents
sarrying for a specified time, and breaking currents
those of short circuit.

under

normal@pen~_ \ o P11 boolean see Switch
ratedCyrréent o NN 0.9 CurrentFlow see Switch
retaine( N 171 boolean see Switch
BaseVdltage 0.1 BaseVoltage see
ConductingEgyipment
aggregate 0..1 boolean see Equipment
EquipmentContainer 0..1 EquipmentContainer see Equipment
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject
4.2.11 BusbarSection

Wires

A conductor, or group of conductors, with negligible impedance, that serve to connect other
conducting equipment within a single substation.
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Voltage measurements are typically obtained from VoltageTransformers that are connected to
busbar sections. A bus bar section may have many physical terminals but for analysis is

modelled with exactly one logical terminal.

Inherited Members

BaseVoltage 0..1 BaseVoltage see
ConductingEquipment
aggregate 0..1 boolean see Equipment
EquipmentContainer 0..1 EquipmentContainer see Equipment
I

aliasName 0..1 string dee Identifieddbject
name 1..1 string see tdentifieddbject

4.2.12| ConformLoad

LoadModel

ConformLoad represent loads that follow a daily load ehange p

used tp scale the load with a system load.

— The definition of the real and rea
done using different sets of attrib
dirgctly using only the attributes fixed

— The

CopformLoadGroup with the attribut

as$ociated ConformLo

— Sep EnergyConsumer

Native Members<>

can be

an be
efined

f the
B, the

LoadGrpup . \/ ConformLoadGroup Group of this
ConformLoad
Inherited M \\s
pfixed N[ 0.4 ActivePower see EnergyConsumer
pfixedPkt SN N PerCent see EnergyConsumer
gfixed 0.1 ReactivePower see EnergyConsumer
gfixedPgt 0.1 PerCent see EnergyConsumer
LoadRgsponse 0.1 LoadResponseCharac | see EnergyConsumer
feristic
BaseVoltage 0..1 BaseVoltage see
ConductingEquipment
aggregate 0..1 boolean see Equipment
EquipmentContainer 0..1 EquipmentContainer see Equipment
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject

4.2.13 ConformLoadGroup

LoadModel
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A group of loads conforming to an allocation pattern.

Inherited Members

| SubLoadArea [ 1.1 | SubLoadArea | see LoadGroup
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject

4.2.14 ConformLoadSchedule

LoadModel

A curve of load versus time (X-axis) showing the active power value
power|(Y2-axis) for each unit of the period covered. This curve repfese
load oyer the time period for a given day type and season.

— Befause value1 will always be specified in MW and
MMAr, the value1Multiplier and value2Multiplier attribute

Nativgd Members
N\ /(7

active
tern of

fied in
.

AN

ConformLoadGroup 1.1 "Conform o@r u The
ConformLoad(roup
where the
ConformLoadS|chedul
e belongs.

Inherited Members N\ >>
N aN

DayType 1. DayType see
SeasonDayTygeSche
dule

Season N N4 Season see

<\ SeasonDayTygdeSche
dule
{ Y N
endTimp N dateTime see
\ Regularinterva|Sched

ule

timeStep 1.1 Seconds see
RegularintervalSched
ule

startTime 1.1 dateTime see
BasiclntervalSchedule

value1Unit 1.1 UnitSymbol see
BasiclntervalSchedule

value2Unit 0..1 UnitSymbol see
BasiclntervalSchedule

aliasName 0..1 string see ldentifiedObject

name 1.1 string see ldentifiedObject

4.2.15 ConnectivityNode

Core
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Connectivity nodes are points where terminals of conducting equipment are connected
together with zero impedance.

Native Members

By convention, ConnectivityNodes may only be placed within VoltagelLevels.

ConnectivityNodeCont | 1..1 ConnectivityNodeCont | Container  of  this

ainer ainer connectivity node.

Inherited Members

aliasNajme 0..1 string sée Identifieddbject

name 1.1 string see Identifieddbject

4.2.16] ControlArea

ContrdlArea

A control area is a grouping of generating units and s (as

terminals) which may be used for a variety of p rpose ration

contro|, powerflow solution area load

forecapting. Note that any number of overlapping an  be

superimposed on the physical model.

Nativg Members

netinteqchange Péwer The specified positive
net interchange into

N ~ the control arei.
pTolerance 0.. "ActivePower Active power net
(x interchange tolerance

type \) ControlAreaTypeKind | The type of [control
area defintion used to
determine if |this is
used for aytomatic
generation control, for
planning inteqchange
control, or other
purposes.

Energyfrea EnergyArea The energy anea that
is forecast from this
control area
DpCbiﬁbatiUll.

Inherited Members

aliasName 0..1 string see ldentifiedObject

name 1.1 string see ldentifiedObject

4.2.17 ControlAreaGeneratingUnit

ControlArea

A control area generating unit. This class is needed so that alternate control area definitions
may include the same generating unit. Note only one instance within a control area should
reference a specific generating unit.
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Native Members

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

GeneratingUnit 1.1 GeneratingUnit The generating unit
specified for this
control area. Note
that a control area
should include a
Generatirgdri only

ce.

4.2.18( CurrentLimit

OperationalLimits
Operational limit on current.

Nativd Members

(\ A
| value [ 1.1 A CurrentRlow ) .~

Limit on currenit flow.

Inherited Members

OperatipnalLimitSet 1.1 \ (| OperatiopalLimitSet see OperationglLimit

OperatipnalLimitType | 1.1 “OperationalLimitType | see OperationglLimit
(

aliasName [0..1 N | string see ldentifieddbject

name (1.7 string see |ldentifieddbject

&

4.2.19| CurveData

Core

Multi-gurpose\data paints ining a curve. The use of this generic class is discouraged if
a mor¢ ifi 3 be used to specify the x and y axis values along with their specific
data types

Nativgd Members

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.

Curve 1.1 Curve The curve of this
curve data point.
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Group of similar days. For example it could be used to represent weekdays, weekend, or

holidays.

If the name attribute is All, it represents all seven days of the week.

If the name attribute is Weekday, it represents Monday through Friday

The name attribute indicates the days of the week that a given DayType represents.

— If the name attribute is Weekend, it represents Saturday and Sunday.

Inherifed Members <\ x
aliasName 0..1 string see ldentifieddbject
name 1.1 string \see Identifieddbject

4.2.21] Disconnector \\>

Wires

A marjually operated or motor operated

conne

jevice used for changi
from a source of powerr. It is
is broken or made.

ng the

Inherited Members
AN
normal(Qpen [ 1\ \ ~Boolean see Switch
ratedClrrent N1 D > CurrentFlow see Switch
retaine( 14 boolean see Switch
AN
BaseVdltage 0.. \\) BaseVoltage see
ConductingEqyipment

l DN
aggregate 0.1 boolean see Equipment]
EquipmlertContainer. -] 0..4 EquipmentContainer | see Equipment

RN

aliasName 0..1 string see ldentifiedgbject
name 1.1 string see ldentifiedgbject

4.2.22—Discrete

Meas

Discrete represents a discrete Measurement, i.e. a Measurement reprsenting discrete values,

e.g. a Breaker position.

The association to Terminal may not be required depending on how the Measurement is

being used. See section Use of Measurement Class for details.

ThreePhaseActivePower, etc.) by a Measurement. The valid

measurementType are defined in Normative String Tables.

Inherited Members

values

The measurementType attribute is used to define the quantity being measured (Voltage,

for the


https://iecnorm.com/api/?name=345529e012d3764de9310840b90b47f6

IEC 61970-452:2015 © IEC 2015 - 27 -

measurementType 1.1 string see Measurement
unitMultiplier 1.1 UnitMultiplier see Measurement
unitSymbol 1.1 UnitSymbol see Measurement
PowerSystemResourc | 1..1 PowerSystemResourc | see Measurement

e e

Terminal 0..1 Terminal see Measurement
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject

4.2.23 DiscreteValue

Meas
DiscrefeValue represents a discrete MeasurementValue.

In the |context of this profile this class is only used to define

via

attribufe is not included in this profile.

Nativd Members

nilable

ICCP. It is not used to supply values for those meas value

(\ A
Discreté 1.1 "Discretelr () Measurement to
which this value is
connected.

Inherited Members Q W
(N

MeasurgmentValueSo [1\\1\“

M urementValueSo | see
urce Measurement\Value

urce
aliasName N[04/ /| string see |dentifieddbject
name N N string see |dentifieddbject

4.2.24 sumer w

Wires

Gener|c user ofé a/point of consumption on the power system model.

The definitio he real and reactive power injections for an EnergyConsumer ¢an be
done using different sets of attributes. In the simplest case, the injections can be defined
directly’using only the attributes fixed and gfixed.

To specify conforming and nonconforming loads, the classes ConformLoad,
NonConformLoad, or their subtypes should be used.

The attributes defining the affect of voltage and frequency on the injection defined by an
associated LoadResponseCharacteristic should be supplied, if they are available, but are
not required.

Native Members

pfixed 0..1 ActivePower Active power of the

load that is a fixed
quantity. Load sign
convention is used,
i.e. positive sign
means flow out from a
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node.

pfixedPct

PerCent

Fixed active power as
per cent of load group
fixed active power.
Load sign convention
is used, i.e. positive
sign means flow out
from a node.

gfixed

ReactivePower

Reactive power of the

load that is a fixed

[l r\d
oo

a

ettty sign
used,
sign
from a

is
ie. positive

mem ou
\ode.

gfixedPgt

PerCent

\

ixed” reactive| power
as per nt pf load
Ngroup “fixed feactive

ower. Load sign
convention is| used,
i.e. positive sign
means flow out from a
node.

LoadRgsponse

0..1

(AL ™\
W&ac
eristic
(\

The load rgsponse
characteristic |of this
load. If missing, this

load is assumegd to be

constant powel.

Inheri

ed Members /\

)’

-
2

BaseVdltage 0..1 \> BaseVoltage see
G ConductingEqyipment
D
aggregate 0.4 N boolean see Equipment
EquipmlentContainer \| Q.. EquipmentContainer | see Equipment
N

aliasNajme W1\ string see Identifieddbject

name N1 string see ldentifieddbject

4.2.25| EquivalentBranch

Equivglents

The class represents equivalent branches.
Native Members

r 1.1 Resistance Positive sequence
series resistance of
the reduced branch.

X 1.1 Reactance Positive sequence
series reactance of
the reduced branch.

Inherited Members
| EquivalentNetwork [ 1.1 | EquivalentNetwork | see
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EquivalentEquipment

BaseVoltage 0..1 BaseVoltage see
ConductingEquipment
aggregate 0..1 boolean see Equipment
EquipmentContainer 0..1 EquipmentContainer see Equipment
aliasName 0..1 string see ldentifiedObject
name 1..1 string see |ldentifiedObject
4.2.26] Equivalentlnjection

Equivglents

This class represents equivalent injections (generation or loady:
the point of connection.

only a

Nativgd Members

llowed

[
WA

maxP 1.1 Minimum activé power
of the injection

minP 1.1 ctivePower Maximum active

> \ M power of the inrection.

regulatipnCapability 1..1 boal Specifies whether or

S

é@)

not the
Equivalentinjegtion

has the capability to

regulate the| local
voltage.

regulatipnStatus \_~ | N1 \> boolean Spec]ifit_es thei tdefauI]’E
regulation stdtus o
the
EquivalentInjegtion.
True is redulating.
False is not

(\ AN regulating.
\’l\./ Voltage The target volfage for

regulation?a&g%

voltage regulatjon.

Inherited/Members

EquivalentNetwork 1.1 EquivalentNetwork see
EquivalentEquipment
BaseVoltage 0..1 BaseVoltage see
ConductingEquipment
aggregate 0..1 boolean see Equipment
EquipmentContainer 0..1 EquipmentContainer see Equipment
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject
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A class that represents an external meshed network that has been reduced to an electrically
equivalent model. 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.

Inherited Members

aliasName 0..1 string see-ldentifiedQbject
name 1..1 string dee Identifieddbject
N
4.2.28| EquivalentShunt

Equivglents

The class represents equivalent shunts.

Nativd Members

S
T

b 1.1 Positive sgquence
shunt susceptgnce.

g 1..1 Condustance Positive sgquence
shunt conductgnce.

Inherited Members

C
NS

EquivalpentNetwork

Qy\\\ ~EquivalentNetwork

see
EquivalentEquipment

BaseVdltage

BaseVoltage

see
ConductingEqyipment

aggregate [ SN boolean see Equipment|
EquipmlentContainer~ 0.1 .~ EquipmentContainer | see Equipment
aliasNajme RN string see Identifieddbject
name 1.1 string see ldentifiedQbject
D4
4.2.29| .‘FossilFuel
Production

The fossil fuel consumed by the non-nuclear thermal generating unit. For example, coal, oil,
gas, etc. This a the specific fuels that that the generating unit can consume.

Native Members

fossilFuelType

1.

1

FuelType

The type of fossil fuel,
such as coal, oil, or
gas.

ThermalGeneratingUn
it

1.

1

it

ThermalGeneratingUn

A thermal generating
unit may have one or
more fossil fuels.



https://iecnorm.com/api/?name=345529e012d3764de9310840b90b47f6

IEC 61970-452:2015 © IEC 2015 -31-

Inherited Members
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject

4.2.30 GeneratingUnit

Production

A single or set of synchronous machlnes for convertmg mechanical power into alternating-

purpos

GenergatingUnit for each member of the set and an additional Generat| gunit corrg

the sef.

— Toldefine a GeneratingUnit requires defining the initial real po
limjits, and the status of the unit. The initial injection is define

— The net real power limits can be defined in th
maxOperatingP and minOperatingP, or 2) with the a
attributes ratedGrossMinP and ratedGrossMaxP
GrpssToNetActivePowerCurve.

b control status of the unit is defined wi
required. The participation facto i
reduired.

— Th
Hygdr

— The
and variableCost are not re

Nativd Members

ibutes
th the
ciated

is not
re not

ases where the more specific clpsses,

SpinningReserve, nominalP, startupCost,

GeneratorControlSour
ce

genCorjtrolSource

The source of ¢ontrols
for a generating unit.

governgrSCD PerCent

N
X

Governor Speqd
Changer Droop.
is the change ip

generator powP

This

output divided py the
change in freqliency
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
provides additional
generator output upon
a drop in frequency.

initialP 1.1 ActivePower

Default initial active
power which is used
to store a powerflow
result for the initial
active power for this
unit in this network
configuration.
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longPF

float

Generating unit long
term economic
participation factor.

maximumAllowableSp
inningReserve

ActivePower

Maximum allowable
spinning reserve.
Spinning reserve will
never be considered
greater than this
value regardless of
the current operating
point.

maxOperatingP

ActivePower

This is the maximum

ive

enter

minOpdratingP

ActivePower

N

mum
e

enter

nominal|P

ACti\%

D

The nominal power of
the generating|unit.
Used to give ptecise
meaning to
percentage baged
attributes such|as the
govenor speed
change droop
(governorSCD
attribute).

normalPF

float

Generating unif
economic
participation fagtor.

ratedGrossMaxP

A\

ActivePower

The unit's grosp rated
maximum capdcity
(book value).

ratedGrossMinP.

X

ActivePower

The gross rated
minimum genefation
level which the| unit
can safely operate at
while delivering power
to the transmisfsion
grid.

ratedNgtMaxP

0..

1

ActivePower

The net rated
maximum cap

city

determined by
subtracting the
auxiliary power used
to operate the internal
plant machinery from
the rated gross
maximum capacity.

shortPF

A

float

Generating unit short
term economic
participation factor.

startupCost

A

Money

The initial startup cost
incurred for each start
of the GeneratingUnit.

variableCost

A

Money

The variable cost
component of
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production per unit of
ActivePower.
Inherited Members
aggregate 0..1 boolean see Equipment
EquipmentContainer 0..1 EquipmentContainer see Equipment
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject
4.2.31—GeographicaiRegion
Core
A geographical region of a power system network model.
Inherifed Members
aliasName 0..1 string U\ | see”ldentifieddbject
name 1.1 string \see Identifieddbject
4.2.32| GrossToNetActivePowerCurve \) O
Produg¢tion
Relatignship between the generatmg unit's ower output on the X-axis (measured

at the
axis (

it's net active power output on

. Station service

the Y-
loads,

curve, equiprpentthatis in service
— Befause the be specified in MW, the xMultiplier and y1MJltiplier
attributes do not
Nativg Members
Generain it GeneratingUnit A generating upit may
have a gross aftive
power to net agtive
power curve,
describing the |osses
and auxiliary ppwer

=YaTl Hrements-of the

unit.
Inherited Members
curveStyle 1..1 CurveStyle see Curve
xUnit 1..1 UnitSymbol see Curve
y1Unit 1..1 UnitSymbol see Curve
y2Unit 0..1 UnitSymbol see Curve
aliasName 0.1 string see ldentifiedObject
name 1.1 string see ldentifiedObject
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A generating unit whose prime mover is a hydraulic turbine (e.g., Francis, Pelton, Kaplan).

— The attributes governorSCD, maximumAllowableSpinningReserve, nominalP, startupCost,

and variableCost are not required.

Inherited Members

genControlSeurce ! GeneratorContrelSour—see-GeneratingUnit
ce

governgrSCD 0..1 PerCent 'see GengratingUnit
initialP 1..1 ActivePower seé\G\e\neMnc Unit
longPF 0..1 float < GeneratingUnit
maximymAllowableSp | 0..1 ActivePower %\ﬁa\ eratingUnit
inningRleserve {\

maxOpgratingP 1.1 ActivePowef .\, Cl'see GeteratingUnit
minOpgratingP 1.1 ActivePower._ \ l\see GeneratingUnit
nominal|P 0..1 ActivePower. N se€ GeneratingUnit
normalRPF 0..1 float ee GeneratingUnit
ratedGriossMaxP 0..1 ActivePowers see GeneratingUnit
ratedGrossMinP 0..1 MActivePowel’) > [ see GeneratingUnit
ratedNgtMaxP 0..1 ActivePower— | see GeneratingUnit
shortPH 0..1 “Eloat\ see GeneratingUnit
startupCost 0.1 \Money see GeneratingUnit
variabldCost 0..1 Money see GeneratingUnit
aggregate 0.1 ( boolean see Equipment|
EquipmlentContainer Lm{ﬂ ) EquipmentContainer | see Equipment
aliasName 101 string see ldentifieddbject
name X string see |dentifieddbject

4.2.34

Produgtion
A syndhrong

Nativgd Members

pump, typically associated with a pumped storage plant.

SynchronousMachine

SynchronousMachine

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.

Inherited Members

| aliasName

| 0..1

| string

see ldentifiedObject |
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| name [1..1 | string | see IdentifiedObject

4.2.35 IEC61970CIMVersion

This is the IEC 61970 CIM version number assigned to this UML model.

— The two IEC61970CIMVersion attributes should be assigned the values defined as the
initial values in the CIM UML. Currently the initial value for version is IEC61970CIM15v32.
The current initial value for date is 2011-08-10.

Native Members

date 1.1 date MM-DD
for

D9 it is

version 1..1 string is
[ C6 70CIMXXVYY

MWwhere is the major

x CIM) package |version
a the YY |is the
inor version. For

example
IEC61970CIM13v18.

4.2.36| Line

Wires

Contains equipment beyond § ion i a power transmission line.

— Usp of the Line ¢ C ) . used, it can only be used as a contaiger for

ACLineSegn@ . gsCc 8Nsa .

— A line is not requi ’ S i b with a SubGeographicalRegion.

Native Members&

Region 0%, 1 SubGeographicalRegi | The sub-geogfaphical

\ on region of the lipe.
\ \/

Inherifed Members
aliasNaméeg 0.1 string see ldentifiedgbject
name 1.1 string see ldentifiedQbject

4.2.37 LoadArea

LoadModel

The class is the root or first level in a hierarchical structure for grouping of loads for the
purpose of load flow load scaling.

Inherited Members

aliasName string see ldentifiedObject

~|o

_

name string see ldentifiedObject
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A mechanical switching device capable of making, carrying, and breaking currents under

normal operating conditions.

Inherited Members

normalOpen 1..1 boolean see Switch
ratedCurrent 0..1 CurrentFlow see Switch
retaine 1.1 boolean see Switch
(
BaseVdltage 0..1 BaseVoltage é‘eegi\&\eq
/\\Con actingEqyipment

N\
aggregate 0..1 boolean { seé Equipment
EquipmlentContainer | 0..1 EquipmentCentainer ~\see Equipment

N

aliasName 0..1 string V| see’ldentifieddbject
name 1.1 string ee Identifieddbject
4.2.39] LoadResponseCharacteristi \) O

LoadModel

Model$ the characteristic response
conditjons such as voltag ¢

If LoagResponseChara

and uded as to cafula
— Acfive power '

cim:LoadRespons

Native

load d due to to changes in gystem
. Th not\related to demand response.
rue, the voltage exponents are spgcified

**

* (Voltage/cim:BaseVoltage.nominalVoltage)

*%*

exponepiModel

boolean Indicates the

exponrentialveltage
dependency model
(pVoltateExponent
and
gVoltageExponent) is
to be used. If false,
the coeficient model
(consisting of
pConstantimpedance,
pConstantCurrent,
pConstantPower,
gConstantimpedance,
qConstantCurrent,
and qConstantPower)
is to be used.

pConstantCurrent

0..

1

float Portion of active
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power load modeled
as constant current.
Used only if the
useExponentModel is
false. This value is
noralized against the
sum of pZ, pl, and pP.

pConstantimpedance

0..

1

float

Portion of active
power load modeled
as constant
impedance. Used only
if the

odel is
eis
inst the
and pP.

pConstantPower

0..

1

float

itio o‘f\{c%%e
ower load mopfeled
as constant poer.

Used only if th{
seExponentMpdel is
false. This valye is
noralized against the
sum of pZ, pl, and pP.

N7

pFrequéncyExponent

0..

1

Exponent of pgr unit
frequency effegting
active power.

pVoltageExponent

0..

1

Exponent of pgr unit
voltage effecting real
power. This mqdel

used only when
"useExponentNodel"
is true.

qunstantCurren<>

NN

‘{1% \/ float

Portion of reaclive
power load mofeled
as constant cufrent.
Used only if the
useExponentMpdel is
false. This valde is
noralized against the
sum of gZ, ql, and gP.

qunstantlﬁr;ed}\\ce/

float

Portion of reac}ive
power load mofleled
as constant
impedance. Used only
if the |e

useExponentModel is
false. This value is
noralized against the
sum of gZ, ql, and gP.

qConstantPower

0..

1

float

Portion of reactive
power load modeled
as constant power.
Used only if the
useExponentModel is
false. This value is
noralized against the
sum of qZ, ql, and qP.

gFrequencyExponent

0..

1

float

Exponent of per unit
frequency effecting
reactive power.
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gVoltageExponent 0.1 float

Exponent of per unit
voltage effecting
reactive power. This
model used only when
"useExponentModel"
is true.

Inherited Members

aliasName string

see ldentifiedObject

O
L PELN

name

string

see ldentifiedObject

4.2.40f MeasurementValueSource

Meas

MeasurementValueSource describes the alternative sources updati
User donventions for how to use the MeasurementValueSource
introdyction to IEC 61970-301.

Inherited Members

Value.
in the

aliasName

see ldentifiedQbject

O
L PELN

name

see ldentifiedQbject

4.2.41| MutualCoupling

Wires

This class represents t

Native MemberQ

Zero

bOch 1.. \) Susceptance

X

Zero sequence| mutual
coupling shunt
(charging)
susceptance,
uniformly distriputed,
of the entire line
section.

D

—_
—_
—_—
—_

distanc Length

Distance to thg start
of the coupled fegion
from the first lihe's

terminal having
sequence number
equal to 1.

distance12 1.1 Length

Distance to the end of
the coupled region
from the first line's
terminal with
sequence number
equal to 1.

distance21 1..1 Length

Distance to the start
of coupled region
from the second line's
terminal with
sequence number
equal to 1.
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distance22 1..1 Length Distance to the end of
coupled region from
the second line's
terminal with squence
number equal to 1.

gOch 1.1 Conductance Zero sequence mutual
coupling shunt
(charging)
conductance,
uniformly distributed,
of the entire line
section.

ro 1.1 Resistance Z equence

coupling, resistance.

x0 1.1 Reactance ro’sequen
rahch-to-brangh

\mutuakimpedanpce

¥ coupling, reactpnce.

First_Términal 1..1 Termin O\ [ Thesstarting tefminal
for the calculatjon of
distances along the
first branch of the
mutual coupling.
Normally
MutualCoupling would
only be used fdg
terminals of AQ line

=

QB segments. The|first

and second terfminals

of a mutual coupling

should point to

<> different AC linje

segments.

Second| Terminal .\f\\\/>\/ Terminal The starting tefminal
distances along the

second branch|of the

mutual coupling.

for the calculatjon of
Inheri ewm

aliasName 0.1 string see ldentifiedgbject
name 1.1 string see ldentifiedgbject
4.2.42 Name
Core

The Name class provides the means to define any number of human readable names for an
object. A name is not to be used for defining inter-object relationships. For inter-object
relationships instead use the object identification 'mRID'.

Native Members

name 1..1 string Any free text that
name the object.

IdentifiedObject 1.1 IdentifiedObject Identified object that
this name designates.
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| NameType

[ 1..

1

| NameType

| Type of this name.

4.2.43 NameType

Core

Type of name. Possible values for attribute 'name' are implementation dependent but
standard profiles may specify types. An enterprise may have multiple IT systems each having
its own local name for the same object, e.g. a planning system may have different names from
an EMS. An object may also have different names within the same IT system, e.g. localName
as defined in CIM version 14. The definition from CIM14 is:

in an

Nativgd Members

The IoEaIName is a human readable name of the object. It is a free text

ming hierarchy similar to a file directory structure. A power
hierar¢ghy may be: Substation, VoltageLevel,
such g hierarchy have names that typically are unique among them.

Equipment etc. Child

ystem- related naming
rent in

name 1..1 Name of thel name
ype.
4.2.44( NonConformLoad
LoadModel
NonCq ily load change pattern and changes

are nof correlated with the

— The

— The injections

NohConformLoad¢€

ass
NohConfag

— The a
as$o!
nof

Nativg Menmibers

done using different sets o
directly usin i

injections for an EnergyConsumer ¢an be

. n the simplest case, the injections can be defined

5 oad can be defined as a percentage ¢f the
ith the™attributes pfixedPct and qgfixedPct. In this caspe, the
: r would have to have an assqciated

ining the affect of voltage and frequency on the injection defined| by an
esponseCharacteristic should be supplied, if they are available, Qut are

LoadGroup

NomConformtoadGro

up

Group of this
ConformLoad.

Inherited Members

pfixed 0..1 ActivePower see EnergyConsumer

pfixedPct 0..1 PerCent see EnergyConsumer

gfixed 0..1 ReactivePower see EnergyConsumer

gfixedPct 0..1 PerCent see EnergyConsumer

LoadResponse 0..1 LoadResponseCharac | see EnergyConsumer

teristic

BaseVoltage 0..1 BaseVoltage see

ConductingEquipment
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aggregate 0..1 boolean see Equipment
EquipmentContainer 0..1 EquipmentContainer see Equipment
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject

4.2.45 NonConformLoadGroup

LoadModel

Loads that do not follow a daily and seasonal load variation pattern.

Inherited Members

N
<\ 'see LoadGrouy

| SubLoaldArea [ 1.1 | SubLoadArea

aliasName 0..1 string \ see Identifieddbject
name 1.1 string \,. 'see Identifieddbject
4.2.46| NonConformLoadSchedule

LoadModel

An active power (Y1-axis) and reactive po
axis) for non-conforming loads, e.g.,

modeléd).

— Befause value1 will

MM\ Ar, the value1Multi

Nativd Members

dule (curves) versus time (X-
power station service

where

and value2 will always be specified in

dultiplierfattributes do not need to be specified.

NonConformLoadGro6 B \) NonConformLoadGro | The

up up NonConformLdadGro
up where the
NonConformLdadSch

<\ edule belongs.
\Y
Inheri e%w

DayType 1.1 DayType see
SeasonDayTypgeSche
dule

Season T.7 Season SEee
SeasonDayTypeSche
dule

endTime 1.1 dateTime see
RegularintervalSched
ule

timeStep 1.1 Seconds see
RegularintervalSched
ule

startTime 1.1 dateTime see
BasiclntervalSchedule

value1Unit 1.1 UnitSymbol see
BasiclntervalSchedule
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value2Unit 0..1 UnitSymbol see
BasiclntervalSchedule
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject

4.2.47 NuclearGeneratingUnit

Production

A nuclear generating unit.

Inherited Members

CRON_ |
&GCQW Unit

genCorjtrolSource 0..1 GeneratorControlSour
ce
governgrSCD 0..1 PerCent \ see GenetatingUnit
initialP 1.1 ActivePower >\, | 'see GereratingUnit
longPF 0..1 float \ :see GeneratingUnit
maximymAllowableSp | 0..1 Acti\?zﬁ’owe ) seé GeneratingUnit
inningRleserve /)
maxOpegratingP 1.1 ActivePowers see GeneratingUnit
minOpdratingP 1.1 MctivePower”) > see GeneratingUnit
nominalP 0..1 N ActivePower ~ | see GeneratingUnit
normalRPF 0.1 “float see GeneratingUnit
ratedGriossMaxP 0..1 /a ctivePawer see GeneratingUnit
ratedGrossMinP 0..1 \ ActivePower see GeneratingUnit
ratedNgdtMaxP 0.4\ “ActivePower see GeneratingUnit
shortPH 0.1 float” see GeneratingUnit
startupCost [o..1 N Mgney see GeneratingUnit
variabldCost 0.1\ Money see GeneratingUnit
(N2 ¢
aggregate o1 boolean see Equipment
EquipmlentContainer. < | 01 \/\/ EquipmentContainer | see Equipment
aliasName Oud string see |dentified(bject
name ). string see |ldentified(bject
4.2.48
Operati

A set ¢flimits associated with equipment. Sets of limits might apply to a specific temperature,

or season for example. A set of limits 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.

— Either an association to Equipment or an association to Terminal shall be supplied, but not

both.

Native Members

Equipment 0..1 Equipment The equipment to
which the limit set
applies.

Terminal 0..1 Terminal The terminal

specifically
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associated to this
operational limit set. If
no terminal is
associated, all
terminals of the
equipment are
implied.

Inherited Members

aliasName

string

see ldentifiedObject

=[O
_

name

string

see |ldentifiedObject

4.2.49| OperationalLimitType

OperationalLimits

The operational meaning of a category of limits.

Nativd Members

acceptgbleDuration

e

The nominal
acceptable durption of
the limit. Limitg are
commonly expfessed
in terms of the [a time
limit for which the limit
is normally
acceptable. The
actual acceptable
duration of a specific
limit may depepd on
other local factprs
such as tempefature
or wind speed.

directiop OperationalLimitDirect | The direction of the
ionKind limit.
Inheri @% \\/
aliasNajm 071 string see Identifieddbject
name 1.1 string see ldentifiedgbject
4.2.50 ]
Wires

Describes the tap model for an asymmetrical phase shifting tranformer in which the difference
voltage vector adds to the primary side voltage. The angle between the primary side voltage
and the difference voltage is named the winding connection angle. The phase shift depends
on both the difference voltage magnitude and the winding connection angle.

Native Members

windingConnectionAn | 1..1
gle

AngleDegrees

The phase angle
between the in-phase
winding and the out-of
-phase winding used
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for creating phase
shift. The out-of-
phase winding
produces what is
known as the
difference voltage.
Setting this angle to
90 degrees is not the
same as a
symmemtrical
transformer.

Inherited Members

voltageptepincrement | 1..1 PerCent
<\ Ph%ﬂ\ ngerNo
\Nne
xMax 1.1 Reactance \
Phase ChangerNo
(\ W nLinear
xMediah 1.1 React O\ [see/
PhaseTapChangerNo
nLinear
(\
PhaseTlapChangerTa | 0..1 < ﬁeTé\C@a@rXa see
bular bul PhaseTapChanger
TransformerEnd 1.1 /& *@\@\Eﬁﬂ see
PhaseTapChanger
(O
highStelp 0.1 TN Yinteger see TapChanggr
lowSteq 0..h N integer see TapChanggr
ltcFlag [N (& ] boolean see TapChangpr
neutral$tep [0..1 integer see TapChanggr
neutral() < N2 < Voltage see TapChanggr
normal$tep NONIA N integer see TapChanger
regulatipnStatus S 00 7 boolean see TapChangegr
TapChgngerContrél \\Q\l TapChangerControl see TapChanger
aliasName  \ RN D string see |dentifieddbject
name 1\ string see |ldentifieddbject

4.2.51] PhaseTapChangerLinear

Wires

Describes a tap changer with a linear relation between the tap step and the phase angle
difference across the transformer. This is a mathematical model that is an approximation of a
real phase tap changer.

Native Members

stepPhaseShiftincrem | 1..1 AngleDegrees Phase shift per step
ent position. A positive
value indicates a
positive phase shift
from the winding
where the tap is
located to the other
winding (for a two-
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winding transformer).

The actual phase shift
increment might be
more accurately
computed from the
symmetrical or
asymmetrical models
or a tap step table
lookup if those are

available.
Inherited-Members
PhaseTlapChangerTa | 0..1 PhaseTapChangerTa ’\Qee
bular bular Phase anger
TransfofmerEnd 1.1 TransformerEnd & k{aw
\Ph seTapChanger
\ N P
highStelp 0..1 integer v C\'see TapChangkr
lowSteq 0..1 integer \Lsee TapChanggr
ltcFlag 1.1 boolean R se€ TapChangpr
neutral$tep 0..1 inteder /™ ee TapChanggr
neutrall) 1..1 Voltage® / A see TapChanger
normal$tep 0..1 Ninteger [, [\ > | see TapChanggr
regulatipnStatus 0..1 bodlean \ ) see TapChangpr
TapChdngerControl 0..1 “TapChangerCofttrol see TapChangpr
Y-
aliasName 0..1 \ string. see Identifieddbject
name 1.4 tring. see Identifieddbject
>/
4.2.52 i \)\/
Wires
Descri transformer tap model in which the secondary side
voltage e primary side. The difference voltage magnitudq is the
base i e where the sides corresponds to the primary and secpndary
voltage e le difference corresponds to the top angle and can be expressed as
twice 1h a f the total difference voltage.
Inheri
voltageptepincrement | 1..1 PerCent see
PtaseTapCtangerNo
nLinear
xMax 1.1 Reactance see
PhaseTapChangerNo
nLinear
xMedian 1.1 Reactance see
PhaseTapChangerNo
nLinear
PhaseTapChangerTa | 0..1 PhaseTapChangerTa | see
bular bular PhaseTapChanger
TransformerEnd 1.1 TransformerEnd see
PhaseTapChanger

| highStep [ 0..1 | integer see TapChanger
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lowStep 0..1 integer see TapChanger
ItcFlag 1.1 boolean see TapChanger
neutralStep 0..1 integer see TapChanger
neutralU 1.1 Voltage see TapChanger
normalStep 0..1 integer see TapChanger
regulationStatus 0.1 boolean see TapChanger
TapChangerControl 0..1 TapChangerControl see TapChanger
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject

4.2.53[ PhaseTapChangerTabular
Wires

Descripes a tabular curve for how the the phase angle difference
the tap step.

e

pedance\varigs with

Inherifed Members

aliasNajme 0..1 string () ’see Identifieddbject
name 1.1 stfing - / AL see |ldentifieddbject
4.2.54] PhaseTapChangerTabularPoint

Wires

D c&r abular curve.

Descripes each tap step if th ase

Nativgd Members

angle AngleDegrees

RN

The angle difference
in degrees.

b A PerCent

The magnetizing
branch susceptance
deviation in pefcent of
nominal value.|[The
actual susceptance is
calculated as fpllows:

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
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deviation in percent of
nominal value. The
actual conductance is
calculated as follows:

calculated
magnetizing
conductance =

b(nominal) * (1 +
g(from this
class)/100). The
g(nominal) is defined

ac thao ctatis

o
oo o otatc

n the
er

i or

el

ar
Nimpedarce (pi model)
for

PerCe N

The resistance
eviation in pefcent of
nominal value.|The
actual resistange is
calculated as fpllows:

calculated resigtance
= r(nominal) * (1 +
r(from this
class)/100). Thie
r(nominal) is defined
as the static
resistance on the
associated power
transformer eng or
ends. This model
assumes the siar
impedance (pi model)
form.

step

integer

The tap step.

PerCent

The series rea¢tance
deviation in pefcent of
nominal value.|The
actual reactange is
calculated as fpllows:

catcutatedTeactance
= x(nominal) * (1 +
x(from this
class)/100). The
x(nominal) is defined
as the static series
reactance on the
associated power
transformer end or
ends. This model
assumes the star
impedance (pi model)
form.

PhaseTapChangerTa

bular

1.

1

PhaseTapChangerTa

The table of this

bular

point.
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PowerTransformer

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

contro

| voltage and phase shift (active power flow).

A power transformer may be composed of separate transformer tanks that need not be

identical.

A powg a O S > 0E odetted—wi o Withou JTTR aITa TS TTE i both
balanded and unbalanced representations. A power transformer typicall hinals,
but mgy have one (grounding), three or more terminals.

A PowgrTransformer can be either two winding or three winding.

— A two winding transformer has two PowerTransformerEnds & i inals.
— A fhree winding transformer has three PowerTransformerEndg ciated

Tefminals.

Inherited Members /\(\m
aggregate 0..1 bodlean\* ~ [/ see Equipment
EquipmlentContainer | 0..1 quipméntContdiner | see Equipment

aliasNa

| (~Jsting. > see Identifieddbject

name

me 0..
1 see ldentifiedQbject

4.2.56

Wires

A Powj c S S 1 ith each Terminal of a PowerTransformer.

The i a N X, and x0 of a PowerTransformerEnd represents @ star

1) for M PowerTransformer the high voltage PowerTransformerEnd hgs non

ze
va

x, and x0 while the low voltage PowerTransformerEnd has zero

2) forladhree Terminal PowerTransformer the three PowerTransformerEnds represents| a star

€q

ivalent with each leqg in the star represented by r. r0. x. and x0 values.

3) 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 shall 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, VoltageLevel, etc).

The attributes ratedS, b0, g0, r0, x0, and connectionKind are not required.

Native Members

1.1 Susceptance Magnetizing branch
susceptance (B mag).
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The value can be
positive or negative.

b0

Susceptance

Zero sequence
magnetizing branch
susceptance.

connectionKind

WindingConnection

Kind of connection.

g

Conductance

Magnetizing branch
conductance.

g0

Conductance

Zero sequence
magnetizing branch
conductance (star-

modeh:

phaseAngleClock

a

integer

g

ge

here
e
ith
e valid
11.
br the
secondary sidg end of
>a transformer with
vector group code of
'Dyn11', specify the
connection kindl as
wye with neutral and
specify the phgse
angle of the clgck as
11. The clock jalue of
the transformef end
number specified as
1, is assumed {o be
zero. Note the
transformer engd
number is not
assumed to be|the
same as the tefminal
sequence numbper.

Resistance

Resistance (star-
model) of the
transformer end

ro

‘iv

!

Resistance

Zero sequence| series
resistance (staf-
model) of the
transformer eng.

ratedS

9

AppdrentFower

Normatapparent
power rating.

ratedU

Voltage

Rated voltage: phase-
phase for three-phase
windings, and either
phase-phase or
phase-neutral for
single-phase
windings.

Reactance

Positive sequence
series reactance
(star-model) of the
transformer end.

x0

Reactance

Zero sequence series

reactance of the
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transformer end.
PowerTransformer 1.1 PowerTransformer The power
transformer of this
power transformer
end.
Inherited Members
endNumber 1.1 integer see TransformerEnd
rground 0..1 Resistance see TransformerEnd
xground 0..1 Reactance see TransformerEnd
BaseVattage 01 BaseVolitage see_fransformerEnd
Termingl 1.1 Terminal dee TransfermerEnd
N
aliasNajme 0..1 string see\ldentifieddbject
name 1.1 string | see ldentified@bject
4.2.57] RatioTapChanger
Wires
A tap |changer that changes the voltage ratio impacting/the vo agnitude but not the

phaselangle across the transformer.

— The

Nativd Members

9

or not/a TapChanger has load tap
epVoltagelncrement is required.

stepVoltagelncrement 1 N Tap step incremment, in
per cent of pominal
<> voltage, per| step

position.
tculConftrolMode . \/ TransformerControlM | Specifies the
ode regulation control
mode  (voltage or

<\ reactive) off  the
RatioTapChanger.
RatioTgdpZha rT 0.. RatioTapChangerTab | The tap ratio t}ble for
ular QQK%\} ular this ratio tap changer.
TransformerEnd 1..1 TransformerEnd Transformer éend to
which this ratio tap
changer beIon?s.
Inherited Members
highStep 0..1 integer see TapChanger
lowStep 0..1 integer see TapChanger
ItcFlag 1..1 boolean see TapChanger
neutralStep 0..1 integer see TapChanger
neutralU 1.1 Voltage see TapChanger
normalStep 0..1 integer see TapChanger
regulationStatus 0..1 boolean see TapChanger
TapChangerControl 0..1 TapChangerControl see TapChanger
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject
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4.2.58 RatioTapChangerTabular

Wires
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Describes a curve for how the voltage magnitude and impdance varies with the tap step.

Inherited Members

aliasName

string

see ldentifiedObject

name

O
L PELN

string

see ldentifiedObject

4.2.59

Wires

RatioTapChangerTabularPoint

Describes each tap step in the ratio tap changer tabular curve.

Nativd Members

0..1

:
<

PerCen

‘The magnetizing
branch susceptance
deviation in pefcent of
nominal value.|[The
actual susceptance is
calculated as fpllows:

calculated
magnetizing
susceptance =
b(nominal) * (1] +
b(from this
class)/100). Thie
b(nominal) is dlefined
as the static
magnetizing
susceptance on the
associated power
transformer end or
ends. This model
assumes the s{ar
impedance (pi model)
form.

PerCent

The magnetizing
branch conductance

deviation in percent of
nominal value. The
actual conductance is
calculated as follows:

calculated
magnetizing
conductance =
g(nominal) * (1 +
g(from this
class)/100). The
g(nominal) is defined
as the static
magnetizing
conductance on the
associated power
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transformer end or
ends. This model
assumes the star
impedance (pi model)
form.

PerCent

The resistance
deviation in percent of
nominal value. The
actual reactance is
calculated as follows:

calculated resistance

1 +

H L\
roTTTrTaty

), Thie
is defined

he

er

i or
ends. This model
umes the siar
>impedance (pi model)
form.

ratio

The voltage rafio in
per unit. Hence this is
a value close tp one.

step

1.1

o

The tap step.

9,

X

-

ctance
rcent of
The
eis
Dllows:

The series rea
deviation in pe
nominal value.
actual reactand
calculated as f

calculated reagtance
= x(nominal) * [1 +
x(from this
class)/100). Thie
x(nominal) is defined
as the static sqries
reactance on the
associated power
transformer enf or
ends. This model
assumes the s{ar

fmpedance (prmodel)
form.

RatioTapChangerTab

1.1

ular

RatioTapChangerTab
ular

Table of this point.

4.2.60 ReactiveCapabilityCurve

Wires

Reactive power rating envelope versus the synchronous machine's active power, in both the
generating 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 for each coolant
condition, such as hydrogen pressure. The Y1 axis values represent reactive minimum and
the Y2 axis values represent reactive maximum.
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— ReactiveCapabilityCurves are not
SynchronousMachine do not vary with real power output.

— 53 -

required if the

reactive power limits of the

— By convention, the Y1 axis values represent reactive minimum and the Y2 axis values

represent reactive maximum.

— Because the x value will always be specified in MW and the y values will always be
specified in MVAr, the xMultiplier, y1Multiplier, and y2Multiplier attributes do not need to

be supplied.

Inherited Members

curveStyle 1.1 CurveStyle see Curve

xUnit 1.1 UnitSymbol see Curve

y1Unit 1.1 UnitSymbol "dee Curve

y2Unit 0..1 UnitSymbol see Curve 3
aliasNajne 0..1 string eevldentifieddbject
name 1.1 string see Identjfieddbject

4.2.61| RegularTimePoint

Core

Time point for a schedule where the ti

— The first SequenceNumber for a sc

Nativd Members

allowed value. The firgt time

sequengeNumber

9,

X

The position off the
regular time pdint in
the sequence. Note
that time pointg don't
have to be sequential,
i.e. time points|may
be omitted. Th¢ actual
time for a
RegularTimePagint is
computed by
multiplying the
associated regllar
interval schedyle's
time step with the

regtar-tirme—pdint
sequence number and
adding the associated
schedules start time.

value1

1.

1

float

The first value at the
time. The meaning of
the value is defined
by the derived type of
the associated
schedule.

value2

A

float

The second value at
the time. The meaning
of the value is defined
by the derived type of
the associated
schedule.
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IntervalSchedule

A

RegularintervalSched
ule

Regular interval
schedule containing
this time point.

4.2.62 RegulatingControl

Wires

Specifies a set of equipment that works together to control a power system quantity such as

voltage or flow.

The pttributes

targetRange

and

RegulationSchedule is provided.

Native

Members

targetValue

are not

N

required /if

assqciated

discrete

A

boolean

\The regulation|is
performed in a
iscrete mode.

mode

A

Regulati
eKind

Co trw

The regulating|control

mode presently

available. This

specifications %Ilows
a

for determining the
kind of regualation
without need fqr
obtaining the upits
from a schedulp.

targetRpnge

flo

target range. This
performs the s
function as the
attribute on thg
regulation schedule in
the case that
schedules are phot

used. The units of

those appropriate for
the mode.

This is the casE input

me
value?2

targetValue

K7

float

The target valuye
specified for cgdse

input. This valye can
be used for thg target

vatue-wihouttHe use

of schedules. The
value has the units
appropriate to the
mode attribute.

Terminal

1.

1

Terminal

The terminal
associated with this
regulating control.
The terminal is
associated instead of
a node, since the
terminal could
connect into either a
topological node (bus
in bus-branch model)

or a connectivity node
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(detailed switch
model). Sometimes it
is useful to model
regulation at a
terminal of a bus bar
object since the bus
bar can be present in
both a bus-branch
model or a model with
switch detail.

Inherited Members

aliasName

string

dee Identifieddbject

name

N Y]
— | —

string

seetdentifieddbject

4.2.63

Wires

RegulationSchedule

A pre-gstablished pattern over time for a controlled variable

— ByJ|convention, value1 represents the target vo
A value1 of 100 and value2 of 1 me

would be from 99 kV to 101 k

either kV for volta

attributes do not need to be specified-

Nativd Members

ge or MW for

iation.
range

values will be specified in
lultiplier and value2M(ltiplier

RegulaiingControl . K \RjgulatingControl Regulating controls
x that have this
Schedule.
Inherited Membe/rs\ \w

DayType W DayType see
SeasonDayTypgeSche
dule

Season \ 1. Season see
SeasonDayTypgeSche
dule

endTime 1.1 dateTime see
RegularintervalSched
ule

timeStep 1.1 Seconds see
RegularintervalSched
ule

startTime 1.1 dateTime see
BasiclntervalSchedule

value1Unit 1.1 UnitSymbol see
BasiclntervalSchedule

value2Unit 0..1 UnitSymbol see
BasiclntervalSchedule

aliasName 0..1 string see ldentifiedObject

name 1.1 string see ldentifiedObject
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4.2.64 Season

LoadModel

A specified time period of the year.

— To specify a relative date as the startDate or endDate for a Season, the year component
of the ISO 8601 date format (YYYY-MM-DD) can be omitted. The resulting format would
be MM-DD.

Native Members

endDaté 1..1 dateTime Date seasoriends.
name 1..1 SeasonName “Name of-the'sgason.
startDale 1.1 dateTime Dafe $eason sfarts.

4.2.65| SeriesCompensator

Wires

A Series Compensator is a series capacitor or rea transmission line without

chargihg susceptance. It is a two terminal device.

Nativgd Members

r 1.1 ( W\ge Positive sdquence
(N resistance.

ro 0. )Re3| ance Zero sgquence
(\ resistance.

X 1 ) | Re'actance Positive ~ sgquence
reactance.

x0 <> .1 \/ Reactance Zero s€quence
reactance.

Inherited Memberts

BaseVdltage \ i\) BaseVoltage see
N ConductingEqyipment
\
aggregate RN boolean see Equipment]
EquipmlentContE'm@r 0..1 EquipmentContainer see Equipment]
aliasName 0..1 string see ldentifiedQbject
name 1+—4 OtI;IIU seetdentifiedS bjeCt

4.2.66 ShuntCompensator

Wires

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
reactivePerSection indicates that the compensator is a reactor. ShuntCompensator is a single
terminal device. Ground is implied.

— If the reactivePerSection attribute is positive, the Compensator is a capacitor. If the value
is negative, the Compensator is a reactor.

— Attributes bOPerSection and gOPerSection are not required.
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bOPerSection 0..1

Susceptance

Zero sequence shunt
(charging)
susceptance per
section

bPerSection 1.1

Susceptance

Positive sequence
shunt (charging)
susceptance per
section

gOPerSection 0..1

Conductance

Zero sequence shunt

Lebharaiaa)
Torrargnryy)

ondustance/per
ection

gPerSeftion 1.1

Conductance

Positive sequehce

unt\(eharging)
\ﬁg Uctance’per
secti

maximymSections 1.1

integer {\
QX

The maximum humber
of sections that may
be-switched in

nomU 1.1

NN

The voltage at which
the nominal reactive
power may be
calculated. Thig
should normally be
within 10% of the
voltage at which the
capacitor is
connected to the
network

normal$ections ™

~infeger

The normal number of

sections switcHed in

Inherited Member

RegulalingControI\

RegulatingControl

see
RegulatingConfdEq

BaschIt@ \\\ O.X

BaseVoltage

see
ConductingEqyipment

boolean

see Equipment]

aggregate 0..1
EquipmlentCohtainer ~ | 0..1

EquipmentContainer

see Equipment]

string

see ldentifiedObject

aliasName 0..
name 1

string

see ldentifiedObject

4.2.67 StaticVarCompensator

Wires

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.
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If the voltage at the controlled bus is equal to the voltage setpoint, the SVC MVar output is

zZero.

— The value of the inductiveRating attribute shall always be negative.

— The value of the capactiveRating attribute shall always be positive.

Native Members

capacitiveRating 1.1 Reactance Maximum available
capacitive reactance.
inductiveRating 1.1 Reactance Maximum available
i?@’w reaetance.
slope 1.1 VoltagePerReactiveP istics
ower C
Q output
portion
e differende
x en the regulated
/\ bus voltage anf the
/) oltage setpoint.
sVCControlMode 1.1 SV CControlMode. SVC control mede.
voltagepetPoint 1..1 The reactive power

"Voltage Q}j)

>

output of the SVC is
proportional tofthe
difference between
the voltage at the
regulated bus and the
voltage setpoint.
When the regu|ated
bus voltage is ¢qual
to the voltage
setpoint, the reactive

power output ig zero.

<

Inherited Memb

A

s
Regulalin?‘o\rol NN
AN

)
0\1\/

RegulatingControl

see
RegulatingConfdEq

NN

7

0..1

BaseVdltage BaseVoltage see
ConductingEqyipment
aggregate 0..1 boolean see Equipment
EquipmentContainer 0..1 EquipmentContainer see Equipment
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject

4.2.68 StationSupply

LoadModel

Station supply with load derived from the station output.

— See EnergyConsumer for specific notes about inherited attributes.

Inherited Members
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pfixed 0..1 ActivePower see EnergyConsumer
pfixedPct 0..1 PerCent see EnergyConsumer
gfixed 0..1 ReactivePower see EnergyConsumer
gfixedPct 0..1 PerCent see EnergyConsumer
LoadResponse 0.1 LoadResponseCharac | see EnergyConsumer
teristic
BaseVoltage 0..1 BaseVoltage see
ConductingEquipment
aggregate 0.1 boolean see Equipmen
EquipmlentContainer 0..1 EquipmentContainer seée Equipmént
\
aliasNajme 0..1 string see Identifieddbject
name 1.1 string { \['see MentifiedQdbject
4.2.69] SubGeographicalRegion
Core
A subget of a geographical region of a power syste WO Qde
Nativg Members
Region 1.1 graphicalRegion The geographical
region to which this
> sub-geographigal
(-\ region is within.
N
Inherited Members W
aliasName 0.1 string see ldentifiedQbject
name N WA string see ldentifieddbject
4.2.70
LoadM
The cl irpose
of load
Nativg Members
LoadArea 1.1 LoadArea The LoadArea where
the SublLoadArea
belongs.
Inherited Members
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject
4.2.71 Substation

Core
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A collection of equipment for purposes other than generation or utilization, through which
electric energy in bulk is passed for the purposes of switching or modifying its characteristics.

Native Members

Region 1.1 SubGeographicalRegi | The sub-geographical
on containing the the
substation.
Inherited Members
aliasName 0..1 string sée Identifiedgbject
name 1..1 string see Identifieddbject

4.2.72] Switch

Wires

A gengric device designed to close, or open, or both, o

Nativgd Members

normalQpen

9,

1.1

The attribute iq used
in cases when jno

Measurement for the
status value is
present. If the Bwitch
has a status
measurment thie
Discrete.normglValue
is expected to match
with the
Switch.normalQpen.

ratedCyrrent

\N

CurrentFlow

The maximum
continuous curfent
carrying capacity in
amps governed by the
device materia| and
construction.

retaineq 1.1 boolean Branch is retained in

a bus branch model.
InheritedMembers

BaseVoltage 0..1 BaseVoltage see
ConductingEquipment

aggregate 0..1 boolean see Equipment

EquipmentContainer 0..1 EquipmentContainer see Equipment

aliasName 0..1 string see ldentifiedObject

name 1.1 string see ldentifiedObject

4.2.73 SwitchSchedule

Wires
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A schedule of switch positions. If RegularTimePoint.value1 is 0, the switch is open. If 1, the

switch

is closed.

Native Members

Switch 1.1 Switch A SwitchSchedule is
associated with a
Switch.
Inherited Members
DayTyple 1.1 DayType S
easonDaylyfdeSche
ule~
Season 1.1 Season see
asonDayTyfeSche
AN \lUI
\ X \/
endTime 1.1 dateTime see
larintervalSched
ule
timeStelp 1.1 Sec nd see
(\ RegularintervalSched
ule
startTinmpe 1.1 e e see
BasiclntervalS¢hedule
N
value 1Unit 1.. \}Uni ymbol see
(-\ BasiclntervalS¢hedule
value2Unit A | UnitSymbol see
BasiclntervalS¢hedule
RS
aliasName RN "\ string see |dentifieddbject
name AN string see |ldentifieddbject
4.2.74
Wires
An ele evice that operates with shaft rotating synchronously with the ngtwork.
It is a pingle ;machine’operating either as a generator or synchronous condenser or pump.
—_ |f - Q\lnl\hrnnnllel\/lar\hlnn |e nnf oecnr\lofnﬂ \Anfh £y Dcar\hunf‘apahlllhlr‘l|r\ln fhan H'\ m|nQ

and maxQ attributes will be used.

— If a ReactiveCapabilityCurve is supplied, then the minQ and maxQ attributes are not
required.

— If a synchronous condenser is being modeled so that there is no capability for real power
output, the SynchronousMachine is not required to be associated with a GeneratingUnit. In
this case, the type and operatingMode attributes shall both be set to condenser.

— Attributes gPercent, r, r0, r2, x, x0, x2, ratedS and referencePriority are not required.

Native Members

maxQ

ReactivePower

power limit. Th
the maximum

Maximum reactive

is is
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(nameplate) limit for
the unit.

minQ 0..1 ReactivePower Minimum reactive
power limit for the
unit.
operatingMode 1.1 SynchronousMachine | Current mode of
OperatingMode operation.
gPercent 0..1 PerCent Percent of the
coordinated reactive
control that comes
from this machine.
r 6—4 Reststance 1ce
e
ro 0..1 Resistance
@ e
AN N .
r2 0..1 Resistance egative sequé¢nce
\ resistance.
referengePriority 0..1 Priority of unit for use

inte@\eﬁ G

as powerflow vpltage
phase angle reference
bus selection. 0 = don
t care (default)[1 =
highest priority} 2 is
less than 1 and so on.

type

)Sync ronousMachine
Ty

Modes that thig
synchronous machine
can operate in.

X <

Reactance

Positive sequence
reactance of thle
synchronous
machine.

x0

A\

Reactance

Zero sequence
reactance of thle
synchronous
machine.

x2 R

Reactance

Negative sequéence
reactance.

GeneralingUnit

0..

1

GeneratingUnit

A synchronous
machine may dperate

asa-gereraterand as
such becomes a
member of a
generating unit.

InitialReactiveCapabili
tyCurve

0..

1

ReactiveCapabilityCur
ve

The default reactive
capability curve for
use by a synchronous
machine.

Inherited Members

ratedS

| 0..

1

| ApparentPower

see RotatingMachine

RegulatingControl

0..

1

RegulatingControl

see
RegulatingCondEq
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BaseVoltage 0.1 BaseVoltage see
ConductingEquipment
aggregate 0..1 boolean see Equipment
EquipmentContainer 0..1 EquipmentContainer see Equipment

aliasName

string

see |ldentifiedObject

=10
— | —

name

string

see |ldentifiedObject

4.2.75 TapChangerControl

Wires

Discril

Inherited Members

es behaviour specific to tap changers, e.g. how the voltage at
with thie load level and compensation of the voltage drop by tap adjus

varies

discretg 1.1 boolean \see)ReguIatingControl
mode 1..1 ting IMod | seé RegulatingControl
eK| /\
targetRpnge 0.1 see RegulatingControl
targetVhlue 0..1 “ﬂoa}; / ( D see RegulatingControl
Terminal 1.1 N Terminal\ ) see RegulatingControl
aliasName tring see ldentifiedgbject
name sthing. see Identifieddbject
4.2.76] TapSchedule
Wires
A pre-gstablished ; e p step
Native Mem?rs\
TapChdn 1\ TapChanger A TapSchedlle is
\ associated With a
TapChanger.
Inherited Members
DayType 1 DayType See
SeasonDayTypeSche
dule
Season 1.1 Season see
SeasonDayTypeSche
dule
endTime 1.1 dateTime see
RegularintervalSched
ule
timeStep 1.1 Seconds see
RegularintervalSched
ule
| startTime [ 1.1 | dateTime | see
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BasiclntervalSchedule

value1Unit UnitSymbol see
BasiclntervalSchedule
value2Unit UnitSymbol see
BasiclntervalSchedule
aliasName 0.1 string see ldentifiedObject
name 1..1 string see |ldentifiedObject

4.2.77 Terminal

Core

An elegtrical connection point to a piece of conducting equipment. Terp

physicpl connection points called connectivity nodes.

Nativgd Members

cted at

sequengeNumber

integer \

Wrientation of the
inal connegtions
>for a multiple tgrminal
conducting
equipment. The
sequence numpering
starts with 1 and
additional termfnals
should follow irL
increasing ordgr. The
first terminal is|the
"starting point"|for a
two terminal brianch.

ConductingEquip@

X

ConductingEquipment

The conducting
equipment of the
terminal. Condicting
equipment havg
terminals that may be
connected to other

conducting eqyipment
terminals via
connectivity nodes or
topological nodes.

ConnegtivityNode

ConnectivityNode

The connectivity node
to which this tgrminal
connects with zero

impedance.

Inherited Members

aliasName

string

see ldentifiedObject

name

O
L PELN

string

see ldentifiedObject

4.2.78 ThermalGeneratingUnit

Production

A generating unit whose prime mover could be

engine.

a steam turbine, combustion turbine, or diesel
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Inherited Members
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genControlSource 0..1 GeneratorControlSour | see GeneratingUnit
ce

governorSCD 0..1 PerCent see GeneratingUnit
initialP 1.1 ActivePower see GeneratingUnit
longPF 0..1 float see GeneratingUnit
maximumAllowableSp | 0..1 ActivePower see GeneratingUnit
inningReserve

maxOperatingP 1.1 ActivePower see GeneratingUnit
minOperatingP 1.1 ActivePower see GeneratingUnit
nominalP 01 ActivePower See GeneratingUnit
normalfpF 0..1 float dee GeneratingUnit
ratedGrossMaxP 0..1 ActivePower ‘See -GenératingUnit
ratedGrossMinP 0..1 ActivePower see\GengratingUnit
ratedNgtMaxP 0..1 ActivePower see GenheratingUnit
shortPH 0..1 float / ‘seeGeneratingUnit
startup@ost 0..1 Money see GeneratingUnit
variablgCost 0..1 Money W) see GeneratingUnit

N\
aggregate 0..1 boolgan see Equipment
EquipmlentContainer | 0..1 EquipméntContainer~_|’see Equipment
(\\V"/ &

aliasNajme 0..1 string (2 U ) | see Identifieddbject
name 1.1 stri N ) see Identifieddbject

4.2.79] TieFlow

ContrglArea

A flow|specification in ter

Native Members@

ion for a control area.

positiveFlowln

N

boolean

The flow is positive
into the termfnal. A
flow is positive if it is
an import into the
control area.

N

ControlArea

ControlArea

The control area of
the tie flows.

Terminerl

Terminal

The terminal tp which

this-tie-flew-belongs.

4.2.80 VoltagelLevel

Core

A collection of equipment at one common system voltage forming a switchgear. The
equipment typically consist of breakers, busbars, instrumentation, control, regulation and
protection devices as well as assemblies of all these.

— The attributes highVoltageLimit and lowVoltageLimit are not required.

Native Members
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highVoltageLimit 0.1 Voltage The bus bar's high
voltage limit.
lowVoltageLimit 0.1 Voltage The bus bar's low
voltage limit.
BaseVoltage 1.1 BaseVoltage The base voltage
used for all equipment
within  the voltage
level.
Substation 1.1 Substation The substation of the
voltage level.
Inherited-Members /\
aliasName 0..1 string "see Identifieddbject
name 1.1 string see\ldentifieddbject
4.2.81| VoltageLimit
OperationalLimits
Operational limit applied to voltage.
Nativd Members & O
value 1.1 lta Limit on voltage. High
or low limit nature of
the limit depends
) upon the proprerties
of the operatiopal limit
N aN type.
Inherited Memb@ K K \\>
OperatipnalLimitSet 1\\1 \/\ OperationalLimitSet see OperationglLimit
OperatianaILimitTy\/pe 1.1 / OperationalLimitType | see OperationglLimit
QA
aliasName < N 00). > string see Identifieddbject
name e W1\ string see |dentifieddbject
4.2.82| Win ener\ing)Unit
Produgtion

A wind driven generating unit.

Inherited Members

genControlSource 0.1 GeneratorControlSour | see GeneratingUnit
ce

governorSCD 0.1 PerCent see GeneratingUnit
initialP 1.1 ActivePower see GeneratingUnit
longPF 0.1 float see GeneratingUnit
maximumAllowableSp | 0..1 ActivePower see GeneratingUnit
inningReserve

maxOperatingP 1.1 ActivePower see GeneratingUnit
minOperatingP 1.1 ActivePower see GeneratingUnit

nominalP

ActivePower

see GeneratingUnit
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normalPF 0.1 float see GeneratingUnit
ratedGrossMaxP 0.1 ActivePower see GeneratingUnit
ratedGrossMinP 0.1 ActivePower see GeneratingUnit
ratedNetMaxP 0.1 ActivePower see GeneratingUnit
shortPF 0.1 float see GeneratingUnit
startupCost 0.1 Money see GeneratingUnit
variableCost 0.1 Money see GeneratingUnit
aggregate 0..1 boolean see Equipment
EquipmentContainer 0..1 EquipmentContainer see Equipment
aliasName 01 cfring see ldentifiedQ bject
name 1.1 string sée Identified@bject

4.3 [Abstract Classes

4.3.1 BasiclntervalSchedule

Core

Schedyle of values at points in time.

Nativgd Members

oy
~

startTinpe 1.1 ateNime The time for the first
time point.

value1Unit 1.1 itSymbol Value1 unifs of
\ Q UW measure.

value2Unit \( “UnitSymbol Value2 units of
~ measure.

aliasName

string

see ldentifiedQbject

name

Inherited Memb<r§> &\/k \\v
/( ?\;f\\ \/\> /

string

see ldentifiedQbject

4.3.2

Core

The parts of-the~power system that are designed to carry current or that are condufctively
conne¢ted(through t&rminals.

Native Members

BaseVoltage

A

BaseVoltage

Base voltage of this
conducting
equipment. Use only
when there is no
voltage level
container used and
only one base vltage
applies. For example,
not used for
transformers.
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aggregate 0.1 boolean see Equipment
EquipmentContainer 0..1 EquipmentContainer see Equipment
aliasName 0.1 string see ldentifiedObject
name 1.1 string see ldentifiedObject
4.3.3 Conductor
Wires

CombiLation of conducting material with consistent electrical characteristjcs, bui
electrigal system, used to carry current between points in the power syste

ON

Nativgd Members

single

length 0..1 Length 'Segment length for
x alculating line
section capabilities
Inherited Members /\(\W /\\>\)

BaseVdltage 0..1 BasdeVoltage—’ see

ConductingEqyipment
/A
aggregate 0..1 |~ boolean > see Equipment
EquipmlentContainer | 0.4~ EquipméntContainer | see Equipment
( N\
aliasNajme 1..1 B string see Identifieddbject
name 104 string see ldentifiedQbject

4.3.4

Core

A base

Inherited

Conne@

. ™~

- \
K“% :

odeContain

may contain connectivity nodes or topological nodes.

aliasName

string

see ldentifiedQbject

name

string

see ldentifiedQbject

4.3.5 Curve

Core

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

Native Members

curveStyle 1..1 CurveStyle The style or shape of
the curve.

xUnit 1.1 UnitSymbol The X-axis units of
measure.
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y1Unit 1..1 UnitSymbol The Y1-axis units of
measure.
y2Unit 0..1 UnitSymbol The Y2-axis units of
measure.
Inherited Members
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject
4.3.6 EnergyArea
LoadModel

The class describes an area having energy production or consumpti

Inherifed Members
AN
aliasNajme 0..1 string \Lsee Jdentifieddbject
name 1.1 string” A se€ Identifieddbject
4.3.7 | Equipment O
Core

The parts of a power system that are p ysinI device

Nativgd Members

ectronic or mechanical.

aggregate boolean

9,

X

The single instance of
equipment repfiesents
multiple pieces| of
equipment thaf{ have
been modeled
together as an
aggregate. Exgmples
would be powefr
transformers o
sychronous mgchines
operating in pafrallel
modeled as a gingle

aggregate power
transformer or

aggregate
synchronous
machine. This is not
to be used to indicate
equipment that is part
of a group of
interdependent
equipment produced
by a network
production program.

EquipmentContainer 0.1 EquipmentContainer

Container of this
equipment.

Inherited Members
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aliasName 0..1 string see ldentifiedObject
name 1.1 string see |ldentifiedObject
4.3.8 EquipmentContainer

Core
A modeling construct to provide a root class for containing equipment.

Inherited Members

|
aliasName 0..1 string see |dentified@bject
name 1.1 string see |dentifieddbject
4.3.9 EquivalentEquipment s
Equivglents
The clpss represents equivalent objects that are the r, 0 k ction. Theg class
is the pbase for equivalent objects of different types.
Nativg Members <\& G
EquivalentNetwork 1.1 uivalentNetwork The equivalen{ where
the reduced | model
(N belongs.
Inherited Members N\wy
N N
BaseVdltage %)\1/5 > BaseVoltage see
/\ ConductingEqdipment
N
aggregate <] on WA boolean see Equipment
EquipmlentContainér \ NO..1 ) EquipmentContainer | see Equipment
A
aliasName < N 00).1 > string see |dentifieddbject
name e W1M string see |dentifieddbject
4.3.10| Identi 'edw
Core

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

Native Members

aliasName 0..1 The aliasName is free text
human readable name of
the object alternative to
IdentifiedObject.name. It
may be non unique and
may not correlate to a

naming hierarchy.

string

The attribute aliasName is
retained because of
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backwards compatibility
between CIM relases. It is
however recommended to
replace aliasName with the
Name class as aliasName
is planned for retirement at
a future time.
name 1.1 string The name is any free
human readable and
possibly non unique text
naming the object.
4.3.11| LoadGroup
LoadModel
The clpss is the third level in a hierarchical structure for groupirng.o ose of
load flpw load scaling.
Nativg Members /\
SubLoddArea 1.1 bi\oﬁi re The SubLdadArea
6 where the Loadgroup
belongs.
Inherifed Members > \\\/
N
aliasName 0..1 O\t see ldentifieddbject
name 141 4 _strin see |ldentifieddbject
N \)
4.3.12
Meas
A Me asured, calculated or non-measured non-caldulated
quanti ay contain Measurements, e.g. a substation may have
tempe 3d door open indications, a transformer may haye oil
tempef € measurements, a bay may contain a number of powgr flow
measuy Breaker may contain a switch status measurement.
The P S ent association is intended to capture this use of Measurement [and is
includéd inh ythe naming hierarchy based on EquipmentContainer. The naming higrarchy
typically’ias Measurements as leafs, e.g. Substation—VoItageLeveI—Bay-Switch-Measur%ment.

Some Measurements represent quantities related to a particular sensor location in the
network, e.g. a voltage transformer (PT) at a busbar or a current transformer (CT) at the bar
between a breaker and an isolator. The sensing position is not captured in the PSR —
Measurement association. Instead it is captured by the Measurement — Terminal association
that is used to define the sensing location in the network topology. The location is defined by
the connection of the Terminal to ConductingEquipment.

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.

Native Members
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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.

unitMultiplier 1.1 UnitMultiplier The unit multiplier of
the measured

quantity. I

unitSynbol 1.1 UnitSymbol he unit.of measure
the.measured
quam
PowergystemResourc | 1..1 PowerSystemResonc\ ep e\\syéem
e e source\that qontains
<\\3&\m rement.

Terminal 0..1 Terminal \ Qg?or more
measurements|may
>be associated with a
terminal in the

(\ /\ network.
N \
Inherifed Members
aliasName 0..1 [ —~_]stting see |dentifieddbject
name 1.1~ \_ \ . Kstring see |dentifieddbject
A\
4.3.13 3
Meas

The cyrrent state f § i state value is an instance of a measurement from a
specific source. S e associated with many state values, each repregenting
a diffefent so

Native
MeasurementVélue\So/ 1.1 MeasurementValueSo | A reference to fthe
urce urce type of source fhat

updates the
Measurement\alue,
e.g. SCADA, CCLink,
manual, etc. User
conventions for the
names of sources are
contained in the
introduction to

IEC 61970-301.

Inherited Members

aliasName string see ldentifiedObject

=0
— | —

name string see ldentifiedObject
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4.3.14 OperationalLimit

OperationalLimits

A value associated with a specific kind of limit.

Native Members

— 73 -

OperationalLimitSet

1.

1

OperationalLimitSet

The limit set to which

the limit
belong.

values

OperatipnalLimitType

1.

1

OperationalLimitType

T limit
ssoci d\with

type
this

Inherited Members

Aﬁ\ O

aliasName

\see Identifieddbject

name

=[O
_ [

see\ldentified(bject

4.3.15| PhaseTapChanger

Wires

A trangformer phase shfiting tap modekthat\contro
power|transformer and potentially the a e

phase|tap model may also impact the olta@

ss the
r. This

PhaseTlapChange
bular

O\
\Q/\K \) PhaseTapChangerTa | The phase tap
bular changer table for this
~ phase tap changer.
TransformerEnd 1.. TransformerEnd Transformer end to
Q \\\> which this phase tap
changer belongs.
Inheri e@%&\
highStep N 0.1 integer see TapChanger
lowSteq 0..1 integer see TapChanger
ItcFlag 1.1 boolean see TapChanger
neutral$tep 0..1 integer see TapChanger
neutralU 1.1 Voltage see TapChanger
normalStep 0..1 integer see TapChanger
regulationStatus 0..1 boolean see TapChanger
TapChangerControl 0..1 TapChangerControl see TapChanger
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject

4.3.16 PhaseTapChangerNonLinear

Wires
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The non-linear phase tap changer describes the non-linear behavior of a phase tap changer.
This is a base class for the symmetrical and asymmetrical phase tap changer models. The
details of these models can be found in IEC 61970-301.

Native Members

voltageSteplncrement

PerCent

The voltage step
increment on the out
of phase winding
specified in percent of
nominal voltage of the

tfransformer eng

xMax

Reactance

he reactancel at the

xMedian

Reactance

aximupiiap dtep.
e

The\reactance| at the
d tap step.

Inherited Members

A

PhaseTlapChangerTa Phase ng ee
bular bulaﬁp& PhaseTapChanger
TransformerEnd TransfofmerEn see

\ A PhaseTapChanger

AN 2G4

highStelp integer. ) ) see TapChangegr
lowSteq integ see TapChanger
ltcFlag “hodlean see TapChangegr
neutral$tep integer see TapChangegr
neutral() ‘Woltage see TapChangegr
normal$tep integer see TapChanger
regulatipnStatus | boblean see TapChanger
TapChgngerControk TapChangerControl see TapChanger
aliasName NN string see Identifieddbject
name D string see ldentifiedgbject

4.3.17

Core

A power syst
container ,eontain

resource can be an item of equipment such as a switch, an equipment
many individual items of equipment such as a substation, [or an
organipational entity such as sub-control area. Power system
measurenients associated.

resources can| have

Inherited Members

aliasName

string

see |dentifiedObject

name

N V)
— | —

string

see |dentifiedObject

4.3.18 RegularintervalSchedule

Core

The schedule has time points where the time between them is constant.

Native Members
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endTime 1.1 dateTime The time for the last
time point.
timeStep 1.1 Seconds The time between
each pair of
subsequent regular
time points in
sequence order.
Inherited Members
startTime 1..1 dateTime see
Wervals chedule
value1Unit 1.1 UnitSymbol see
AN Ba&@m\er IS¢hedule
value2{nit 0..1 UnitSymbol s A4
(\\E\as IntervalS¢hedule
\ N
aliasName 0..1 string \ \see ldentifieddbject
name 1.1 strin X seé Identifieddbject
4.3.19] RegulatingCondEq

Wires

A type| of conducting equipment that c

point ip the network.

Nativgd Members

&°a\Q

vity (i.e. voltage or flow) at a specific

RegulalingContro@

RegulatingControl

The regulating| control
scheme in whjch this
equipment

participates.

a\

BaschItége\\

@

BaseVoltage

see
ConductingEqyipment

aggregate 0..1 boolean see Equipment]
EquipmlentContainer 0..1 EquipmentContainer see Equipment]

1
aliasName 0..1 string see ldentifiedObject
name 1.1 string see ldentifiedObject

4.3.20 RotatingMachine

Wires

A rotating machine which may be used as a generator or motor.

Native Members

ratedS

ApparentPower

Nameplate apparent
power rating for the
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Inherited Members
RegulatingControl 0..1 RegulatingControl see
RegulatingCondEq
BaseVoltage 0..1 BaseVoltage see
ConductingEquipment
aggregate 0..1 boolean see Equipment
EquipmentContainer 0.1 EquipmentContainer see Equipmen
N
aliasName 0..1 string rsee ldentifieddbject
name 1..1 string see [dentifieddbject
4.3.21| SeasonDayTypeSchedule
LoadModel
A time| schedule covering a 24 hour period, with curye datafor,a_specific type of seas¢n and

day.

Nativgd Members

DayType 1.1 Ty DayType for the
(\ Schedule.

Season 1.4 'Season Season for the

Schedule.
AN ™~
Inherited Memb@ &\/k \Q
endTimp N N dateTime see
<\ RegularintervalSched

ule

timeStelp \ 1..\> Seconds see
RegularintervalSched

\ ule
R /

startTinpe 1.1 dateTime see
BasiclntervalS¢hedule

value1Unit 1.1 UnitSymbol see
Basicintervalschedule

value2Unit 0.1 UnitSymbol see
BasiclntervalSchedule

aliasName 0..1 string see ldentifiedObject

name 1.1 string see ldentifiedObject

4.3.22 TapChanger

Wires

Mechanism for changing transformer winding tap positions.



https://iecnorm.com/api/?name=345529e012d3764de9310840b90b47f6

IEC 61970-452:2015 © IEC 2015

- 77 -

— The attribute ltcflag specifies whether or not a TapChanger has load tap changing
capabilities. If the ItcFlag is true, the attributes highStep, lowStep, neutralStep, and
normalStep are all required.

Native Members

highStep 0..1 integer Highest possible tap
step position,
advance from neutral
lowStep 0.1 integer Lowest possible tap
step position, retard
from naoutral
ItcFlag 1.1 boolean her or
ger has
Nt
neutral$tep 0..1 integer Theyneutrahtag step
<\ position for this
« Oh\windin
neutral) 1..1 Voltage \ Voltage at whidh the
winding operatges at
m he neutral tap|setting
normal$tep 0..1 i @ The tap step position
G used in "normal"
network operatffion for
this winding. For a
"Fixed" tap chgnger
indicates the clirrent
physical tap setting
regulatipnStatus 0.1 \( " boplean Specifies the default
regulation statiis of
the TapChanger. True
is regulating. Flalse is
(x not regulating
TapChgngerControl” TapChangerControl The regulating [control
scheme in whigh this
<\ tap changer
participates
Inheri e@%&\\/
aliasName N 071 string see |dentifieddbject
name 1.1 string see ldentifiedQbject
4.3.23 TransformerEnd
Wires

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.

— The attributes rground and xground are not required.

Native Members

Number for this
transformer end,
corresponding to the

endNumber 1.1 integer
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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 end

n er need not
atch the termlinal
guenceNpumper.

rground 0..

Resistance nd Zn
cennéelions)
istance part of

N utr pedance
wh re 'grounded’ is

xgroung 0..

o

Rea ance (for Yn and Zn
connections) Reactive
part of neutral
impedance where
'grounded’ is true.

BaseVdltage 0..

Q

ase olta\g&/ Base voltage of the
transformer enfl. This
is essential for|PU
calculation.

Terminal of thg power
transformer to which
this transformer end

belongs.
Inherited MembersM
aliasName string see ldentifiedgbject
name string see ldentifiedgbject
4.4
4.41

ContrdlAtea

The type of control area.

AGC Used for automatic generatoin control.
Forecast Used for load forecast.
Interchange Used for interchange specification or control.

4.4.2 CurveStyle

Core

Style or shape of curve.
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constantYValue

The Y-axis values are assumed constant until
the next curve point and prior to the first curve
point.

formula An unspecified formula is assumed to compute
the Y-axis value between points.
rampYValue The Y-axis values are assumed to ramp

between points.

straightLineYValues

The Y-axis values are assumed to be a
straight line between values. Also known as
linear interpolation.

4.4.3 FuelType

Produg¢tion

Type df fuel.

coal Genegfic coal),nokincluding lignite type.

gas Gas. ()

lignite he \fuél/ is/lignite_coal. Note that tHis is a

pecial typ , so the other enum| of coal

is reserved for hard coal types or if the exact
Me coalishot known.

oil [ Qil

4.4.4 GeneratorContro

Produgtion

The squrce of cc@s a genera

a\

offAGC Off of automatic generation control (AG[).
onAGC < N S On automatic generation control (AGC)
plantCantroh._ w N\ Plant is controlling

unavailgble 0\ Not available

RN
4.4.5 OperationalkimitDirectionKind

OperationalLimits

The direction of an operational limit.

absoluteValue

If the absolute value of the monitored value is
above the limit value, the limit is violated. In
effect, the limit is both a high limit and its
negative a low limit.

high The limit is a high limit. If applied to a terminal
flow, the positive direction is into the terminal.
low The limit is a low limit. If applied to a terminal

flow, the positive direction is into the terminal.
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The kind of regulation model. For example regulating voltage, reactive power, active power,

etc.

activePower

Active power is specified.

admittance Admittance is specified.

currentFlow Current flow is specified.

fixed The—regutatiom—mode—is fixed—amd—thus not
regulating. /V\

powerFpctor Power factor is specified:\

reactivdPower Reactive power is specified.\

temperature Control switches &x\égN\%‘aWe local
temperature (i

timeScheduled Control SWItC e of day. The
times ma weekend or in

s on ti
on
different season \

voltage Voltage is §p\e\f4@d
4.4.7 | SeasonName O
LoadModel
Name [of season. s

<\ /\ N

fall N MRS Fall.

spring | ~Spring.

summe N > | Summer.

winter N Winter.

4.4.8

Wires

Static

off

reactivgPewer

voltage
4.4.9 SynchronousMachineOperatingMode
Wires

Synchronous machine operating mode.

condenser

generator
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4.4.10 SynchronousMachineType

Wires

Synchronous machine type.

- 81 -

condenser

generator

generator_or_condenser

4.4.11| TapChangerKind

Wires

Transfprmer tap changer type. Indicates the capabilities of the tap c

operatjng mode.

n pendent of the

fixed Notgaﬁ 0 coﬁtro This is also irldicated
association >of TapChanggr to a
la C,Qntr B
phaseClontrol Capable/of phase control.
voltageAndPhaseControl Q Capable\of veltagé and phase control.
voltage[Control apable’of.voltdge control.

4.4.12] TransformerControlMode

Wires
Contrgl modes for, ,j tr%

reactivg Reactive power flow control
volt Voltage control

4.4.13 \>

Domain

The units defiend forusage in the CIM.

A Current in ampere.

F Capacitance in farad.

H Inductance in henry.

Hz Frequency in hertz.

J Energy in joule.

N Force in newton.

Pa Pressure in pascal (n/m2).

S Conductance in siemens.

V Voltage in volt.

VA Apparent power in volt ampere.

VAh Apparent energy in volt ampere hours.
VAr Reactive power in volt ampere reactive.
VArh Reactive energy in volt ampere reactive hours.
W Active power in watt.
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