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

Part 301: Common information model (CIM) base
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61970-301 has been prepared by IEC technical commitiee 57:
ement and associated information exchange.

This

slecond edition cancels and replaces the first edition published in 2005. This gdition

constitutes a technical revision 1/,

The second edition contains the following changes from the first edition:

e First edition Annex A which contained the description of the CIM UML model is now a part
of the main body of the standard — Clauses 5 and 6.

1)

after pu

Note that the third edition with the updates made to the CIM UML model in 2007 will be available shortly
blication of this second edition. For the third edition of this publication the units will be based on the

“International System of Units” (SI).
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A new Annex A was added providing a model of a circuit breaker in the CIM as an
example of how the CIM can be used to model network devices.

Significantly reorganized and expanded Subclause 4.4 Examples to explain:

— Containment, equipment hierarchies, connectivity, and naming

— Measurements and controls

— Role of the new IdentifiedObject class, which replaces the old Naming class.

The naming hierarchy was changed. New classes GeographicalRegion and
SubGeographicalRegion replaced HostControlArea and SubControlArea.

ModeImgAuthorlty and ModellngAuthorltySet classes were added to represent ownership
of

The measurement value attributes were sub-typed into glasses
Acgumulator.

The class naming was renamed to ldentifiedObject

The Line class was changed to be a speC|I|z' t 3ses Equipment and
EquipmentContainer, so that Line is now a cor z all necessary gbjects
to model multiple interconnected ACL| , in the real world.

Many editorial corrections, includi esolve

issues submitted on the first edition.

\ ( FDIS
57/98¢/FRIS ./ 57/995/RVD

r t a\r02aI of this standard can be found in the regort on

ries, under the general title: Energy management $ystem

The CI i decided that the contents of this publication will remain unchanged until

the mai
the data related

ate indicated on the IEC web site under "http://webstore.iecfch" in
Q thedspecific publication. At this date, the publication will be

redonfirmed,

withdrawn,

replaced by a revised edition, or
amended.

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

This standard is one of the IEC 61970 series which define an application program interface
(API) for an energy management system (EMS). This standard was originally based upon the
work of the EPRI control center APl (CCAPI) research project (RP-3654-1). The principle
objectives of the EPRI CCAPI project were to:

— reduce the cost and time needed to add new applications to an EMS,

— protect the investment of existing applications or systems that are working effectively
with an EMS.

syste
distribbtion management systems (DMS). This is accomplished
program interfaces to enable these applications or system
exchange information independent of how such information is re

The common information model (CIM) specifies the s ics T i bonent
interfage specifications (CIS), which are contained i dards,
specify the content of the messages exchanged.

The G utility
enterpri includes
public

The objects represented in the CIM arg i Y i i variety
of app f jts application in an EMS. This standard
should in any domain where a common|power

rability and plug compatibility between
particular implementation.

syste model is ne
applications and syste
IEC 61970-301 d:i

physical aspects of ‘g
and D i
that de
docum

dealing y
compr

of packages which provide a logical view |of the
age€ment system including SCADA (Supervisory Control
ies of standards describes additional parts of the CIM
iews of utility operations including assets, location, acfjivities,
agement. However, while there are multiple IEC stapdards
e CIM, there is a single, unified normalized information|model
all these individual standards documents.

InternationalkEle hnical Commission (IEC) draws attention to the fact that it is c|laimed
that compliahce with this document may involve the use of a patent concerning a computer-
based|implementation of an object-oriented power system model in a relational databalse. As
such, it does not conflict with the development of any logical power system model including
the Common Information Model (CIM), where implementation of the model is not defined.

IEC takes no position concerning the evidence, validity and scope of this patent right.
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The holder of this patent right has assured IEC that it is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world.
In this respect, the statement of the holders of these patent rights is registered with IEC.
Information may be obtained from:

ICL

Wenlock Way
West Gorton
Manchester

MTZ5DR
United Kingdom (U.K.)

Attention is drawn to the possibility that some of the elements of
subjedt of patent rights other than those identified above. IEC shall
identifying any or all such patent rights.

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

Part 301: Common information model (CIM) base

1 Scope

TheC LRLERAAR B A 5 FOCE€ v S—atf—avsS at OGCE ré v, major
objects in an electric utility enterprise typically involved in utility operati ding a
standgqrd way of representing power system resources as object classes™s along
with t p ystem
(EMS) EMS
systens developed independently, or between an EMS system cerned
with d bution
manag Lilation
and in mmon
langug bns or
systenps to access public data and exchange informdtio mation
is repr|

The olbject classes represented in th < and may be used in p wide
variety its application in an EM$. This
standaz ation in any domain where a cqmmon
power ¢ pity and plug compatibility bgtween
applic@tions and systems i i implementation.

Due tq the size of the ‘ 3 t clglsses contained in the CIM are groupeéd into
a numper of logical p age represents a certain part of the overall|power
systed being # i se packages are progressed as separate
International Sta G i hternational Standard specifies a base pet of
packag@ges which i 3 i of the physical aspects of energy management gystem
(EMS)|i ithi utility enterprise that is shared between all applications.
Other C ic parts of the model that are needed by only gertain
applications /S qUSE 4 Qw provides the current grouping of packages into standards
docum

2

The fdllawing referenced documents are indispensable for the application of this doctiment.
For d iti i i pdition
of the referenced document (including any amendments) applies.

IEC 60870 (all parts), Telecontrol equipment and systems

IEC 61850 (all parts), Communication networks and systems in substations

IEC 61850-7-3, Communication networks and systems in substations — Part 7-3: Basic
communication structure for substation and feeder equipment — Common data classes

IEC 61968 (all parts), Application integration at electric utilities — System interfaces for
distribution management

ISO 8601:2004, Data elements and interchange formats — Information interchange -

Representation of dates and times
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IEEE 754-1985, Standard for Binary Floating-Point Arithmetic

3 Terms, definitions and abbreviations

For the purposes of this document, the terms and definitions given in Clause 6 and the
following apply. Refer to IEC 60050 for general glossary definitions and to IEC 61970-2 for a

glossa

3.1

ry specific to the IEC 61970 standards.

energy management system

EMS

compniter system comprising a software platform providing basic support sérvi

applic
genera

minimym cost

3.2

application program interface

API
the se
execut

4 (

4.1

The (
specifi
group

Each
classe
its attr

The U

4.2

The C
groupi
been

es and)4q

tions providing the functionality needed for the effective
tion and transmission facilities so as to assure adequate sec

I of public functions provided by an executable 4 ati

able application components

nert for use by

CIM specification

CIM modeling notation

LIM is defined using object-o ieno
cation uses the unified ing langtiage

pf packages.

) notation, which defines the ClI

pbackage i

set of
ctrical

pply at

other

techniques. Specifically, th¢ CIM

Ml as a

all the

5 in that neirelationships. Each class is then defined in text in tefms of

butes and réla

IM is paxtitioned into a set of packages. A package is a general purpose me
hg related | elements. There is no specific semantic meaning. The package
choseh to make the model easier to design, understand and review. The cd

Q.0

everal

ans of
5 have
mmon

inform

ations

tion_model consists of the complete set of nackaaes Entities mav have assoc
L L ~J J

that cross many package boundaries. Each application will use information represented in
several packages.

The comprehensive CIM is partitioned into the following packages for convenience, where
packages are grouped to be handled as a single standard document as shown:

IEC 61970- 301 (this document):

Core

Domain

Generation
Generation Dynamics
LoadModel
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Meas
Outage

Production
Protection

Topology
Wires
SCADA

- 17 -

Note that the package boundaries do not imply application boundaries. An application may

use ClM_entities from several packages

Figure
relatio
pointin

Generation

]

dency
whead

LoadModel

Topology

Figure 1 — CIM Part 301 package diagram

Core

<<Global>>
Domain

IEC 470/09

The subclauses below summarize the contents of each CIM package. Clause 6 contains the
specification for each of the CIM packages.
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4.2.1 Core

This package contains the core Naming, PowerSystemResource, EquipmentContainer, and
ConductingEquipment entities shared by all applications plus common collections of those
entities. Not all applications require all the Core entities. This package does not depend on
any other package, but most of the other packages have associations and generalizations that
depend on it.

4.2.2 Topology

This package is an extension to the Core Package that in association with the Terminal class
models Connectivity, that is the physical definition of how equipment is connected together. In
additign, it models Topology, that is the logical definition of how equipme s_connecled via
closed switches. The Topology definition is independent of the other elecgt aractetfistics.

4.2.3 Wires

The Wires package is an extension to the Core and Tqpol C nodels
informption on the electrical characteristics of Transmission ist ! X; 5. This
packag@e is used by network applications such as State E i ptimal
Power|Flow.

4.2.4 Outage

This ppckage is an extension to the Gore 3 on the
currenL and planned network configurati etwork
applications.

4.2.5 Protection

This package is an extensjon Qre ’ on for

protection equipment 5 s and

distribption netwof fa
4.2.6 Meas

The Meas packa ' anged
betwe¢ icati

4.2.7

ps and
ns and

This ppckage provides m
associpted curve.datar Special circumstances that may affect the load, such as seaso
day types,lare also’iricluded here.

This information is used by Load Forecasting and Load Management.

4.2.8 Generation

The Generation package is divided into two subpackages: Production and
GenerationDynamics.

4.2.8.1 Production

This package provides models for various kinds of generators. It also models production
costing information which is used to economically allocate demand among committed units
and calculate reserve quantities.

This information is used by Unit Commitment and Economic Dispatch of Hydro and Thermal
Generating Units, Load Forecasting, and Automatic Generation Control applications.
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4.2.8.2 Generation Dynamics

This package provides models for prime movers, such as turbines and boilers, which are
needed for simulation and educational purposes.

This information is used by the Unit Modeling for Dynamic Training Simulator applications.

4.2.9 SCADA

The SCADA package contains models of data points located in remote units, such as RTUs,
substation control systems, and remote control centers, as well as the communlcat|ons links
to the ifically
the effect of telemetry outages) and inter-control center communications.

The Djomain package is a data dictionary of quantities and upi \ datatypes for

This package contains the definition of primitive datatypes;.i \Qs nits Jof measufe and
permigsible values. Each datatype contains a value atfri tiondl unit of measure,
which |is specified as a static variable initialized fo the s piption of the Lnit of
using | UML constraint syntax inside listed in the
documentation and are also specified

4.3
The cl d their
relatio Bs are

d in a
world,
of the
MS. Other types of objects include things sych as
3 MS applications also need to process, analyze¢, and
store. nmon representation to achieve the purposes of the EMS-API
standas gnd interoperability. A particular object in a power system with
a unigh€i Ly i ed as an instance of the class to which it belongs.

Classsd
comm
such g
overal
sched

It shod d that the CIM is defined to facilitate data exchange. As defined|in this
docum itiés have no behavior other than default create, delete, update and read.
In order{to make the CIM as generic as possible it is highly desirable to make it e
configt j gene domain
of an attr|bute than to change a class definition. These pr|nC|pIes |mply that the CIM should
avoid defining too many specific sub-types of classes. Instead the CIM defines generic
classes with attributes giving the type name. Applications may then use this information to
instantiate specific object types as required. Applications may need additional information to

define the set of valid types and relationships.

Classes have attributes that describe the characteristics of the objects. Each class in the CIM
contains the attributes that describe and identify a specific instance of the class. Only the
attributes that are of public interest to EMS applications are included in the class descriptions.

Each attribute has a type, which identifies what kind of attribute it is. Typical attributes are of
type integer, float, boolean, string, and enumeration, which are called primitive types.
However, many additional types are defined as part of the CIM specification. For example,
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Compensator has a MaximumkV attribute of type voltage. The definition of data types is
contained in the Domain Package described in 4.2.10.

Relationships between classes reveal how they are structured in terms of each other. CIM
classes are related in a variety of ways, as described in the clauses below.

4.3.1 Generalization

A generalization is a relationship between a more general and a more specific class. The
more specific class can contain only additional information. For example, a Power
Transformer is a specrflc type of Equipment. Generalization prowdes for the specific class to
inherit

Figure| 2 is an example of generalization. In this example taken fro
Breake¢r is a more specific type of ProtectedSwitch, which in turn jg
Switch, which is a more specific type of ConductingEquipment, e
anothgr more specific type of Equipment.

PowerSystemResoupce
(from Core) (

OO

ctingEqui m}st\ PowerTransformer
C (flem Coaxe)

Switch

A

ProtectedSwitch

Breaker

IEC 471/09

Figure 2 — Example of generalization

4.3.2 Simple association

An association is a conceptual connection between classes. Each association has two roles.
Each role is a direction on the association that describes the role the target class (i.e. the
class the role goes to) has in relation to the source class (i.e. the class the role goes from).
Roles are given the name of the target class with or without a verb phrase. Each role also has
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multiplicity/cardinality, which is an indication of how many objects may participate in the given
relationship. In the CIM, associations are not named.

For example, in the CIM there is an association between a TapChanger and a
RegulationSchedule (see Figure 3 which is taken from the Wires package).

Multiplicity is shown at both ends of the association. In this example, a TapChanger object
may have 0 or 1 RegulationSchedules, and a RegulationSchedule may belong to 0, 1, or more
TapChanger objects.

TapChanger RegulationSchedule

0..n 0..1

Tapchangers RegulationSchedule
IEC 2410,

Figure 3 — Example of simple association

4.3.3 Aggregation

Aggregation is a special case of association. Aggregat s the relatipnship
betwegn the classes is some sort of whole-part relaionship; whole class “consists

of” or [contains” the part class, and the part class i$ | class
does not inherit from the whole class as in generg

Figure|l 4 illustrates an aggregation d the
TopolqgicalNode class, which is vn, a

TopolqgicalNode can be a member of /exactly ore Island
can cgntain any number (buyt at least oRe)

Q i TopologicalNodes IEC 2611/03

igu xample of aggregation
4.4 nd examples
The QI tes, types, and relationships are specified in Clauses 5 and 6.
Clauss lete description of the IEC 61970-301 CIM base model.

To help understand how to interpret the CIM, some key model concepts used in the C|M are
introdyced\.and described in the following subclauses. First is the concept of equ|pment
contaipment and how the hierarchical structure of power systems is modeled. The gecond
illustrates the important concept of connectivity and how it is modeled in the CIM. Third is the
use of inheritance to model and classify equipment. Next is an example or a Transformer to
show how a specific type of equipment is modeled in the CIM. Lastly the concept of
measurements and how they are used to model status and analog values associated with
power system networks.

4.4.1 Containment, equipment hierarchies and naming

Figure 5 shows the concept of equipment containers to form hierarchies in the CIM.
Equipment containers represent ways of organizing and naming equipment typically found
within a substation. As may be seen, there is some flexibility provided in which containers are
used in a specific application of the CIM in order to accommodate different international
practices as well as differences typically found between transmission and distribution
substations. Bay, VoltageLevel, Substation, Line, and Plant are all types of
EquipmentContainers. In general, a Bay is contained within a specific VoltageLevel, which in
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turn is contained within a Substation. Substations and Lines may be contained within
SubGeographicRegions and GeographicRegions.

One containment hierarchy is used with the IdentifiedObject class to create hierarchical
naming intended for human consumption. One hierarchy is specifically used to name
equipment according to its function in the power system. This is the functional naming
hierarchy. Other common identifications beside functional names are asset serial numbers.
The functional name is different from a serial number in that it relates to the function of a
particular equipment position or location in the power system. Regardless of what specific
piece of physical equipment is placed at a location, the functional name is the same but the
serial number varies depending on the physical equipment currently used. The diagrams
NamingHierarchyPart1 and NamingHierarchyPart2 in the Wires package show the functional
naming hierarchy (refer to the Wires package documentation in Clause 6 fg

4.4.1.1 IdentifiedObject class

The |dentifiedObject class contained in the y all
PowerSystemResource and many other classes. This class coftains.si i b used
for naming all PowerSystemResource objects. It is intended ~ e ned to
each gttribute in a manner consistent with the attribute deftitio

The fqgllowing are definitions and conventions for ibutes
when jnaming PowerSystemResource objects ( on for
IdentifledObject and its attributes in Clause 6);

— |name: A free text name.

— |localName: A local short na se. Objects that are structured in a
functional naming hierarchy h 2\ in the
hierarchy. The na i nt.

- ave a
pathName whigh\contai & i to the
root. The pathName eq, | - object
up to th ple, if
node llAll GO H - de llCll
may look likg 3 ecified

for an
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IdentifiedObject
(from Core)
aIiasName : String
gzdescription : Strin
B [&name F:)String S
[&pathName : String
FZ&mRID : String

GeographicalRegion PotverS emResourl:e
(from Core) (from €ore)

N

+Region 0.1
+Regions | 0..* +MemberOf_Equipme ntamer
SubGeographicalRegion EquipmentContain ~ ~ quibment
(from Core) (from Core) 0 from Core)

0..1 0..1 +Contains_Equipmgnts
+Region
+Region
+Lin N G
0..
Plant

Line / Q
+Sulsstations % >
+IW|emberOf_Substation[\ 0.X “

S 0.1 ﬁj;s o
(flgm Core) \/
+MemberOf @ 1 s
H+Contain, eLevels "\0..n
VoltagelLewel
(f;}'}@:;%
HMel LCeel 0.1

+Contains_Bays | 0..n

Bay
0..n |(from Core)

+Contains_Bays IEC 472/09

Figure 5 — Equipment containers

The diagrams NamingHierarchyPart1 and NamingHierarchyPart2 in the Wires package show
the functional naming hierarchy (refer to the Wires package documentation in Clause 6 for the
details).
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4.4.2 Connectivity model

Figure 6 shows the Topology class diagram which models connectivity between different
types of ConductingEquipment. Also included is a portion of the Meas package class diagram
dealing with measurements to illustrate how measurements are associated with conducting
equipment.

> IdentifiedObject e

(from Core)

PowerSystemResource

(from Core) >
+ConductingEquipment *Tarminals
ConductingEquipment 1 ; nxl;e inal
om &ore

(from Core)

0..1
+Terminal

+MemberOf_Equip

EquipmentContainer
(from Core)

phectivityNode

ConfectivityNode

ﬁ"{ ] +Measurements
0..n . 0..n
Q +ConnectivityNodes \ Measurement
(from Meap)
\
+TopologicalNode
0..1 Switch/Node

Model

TopologicalNode

~

1..n ~__
+TopologicalNodes

Bus/Branch
Model
+Topologicallsland

1

Topologicallsland

IEC 473/09

Figure 6 — Connectivity model

To model connectivity, Terminal and Connectivity classes are defined. A Terminal belongs to
one ConductingEquipment, although ConductingEquipment may have any number of
Terminals. Each Terminal may be connected to a ConnectivityNode, which is a point where
terminals of conducting equipment are connected together with zero impedance. A
ConnectivityNode may have any number of terminals connected, and may be a member of a
TopologicalNode (i.e. a bus), which is in turn a member of a Topologicallsland.
TopologicalNodes and Topologicallslands are created as a result of a topology processor
evaluating the “as built” topology and the actual Switch positions.
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EquipmentContainers, which are a specialization of a PowerSystemResource, may contain
zero or more ConnectivityNodes. The associations, ConductingEquipment — Terminal and
Terminal — ConnectivityNode, capture the as built topology of an actual power system
network. For each Terminal connected to a ConnectivityNode, the associations of the other
Terminal(s) connected to the same ConectivityNode identify the ConductingEquipment
object(s) that are electrically connected.

To model the analog values such as voltage and power, each Terminal has an association
with a Measurement class from the Meas package. Although not shown in Figure 6, a
Measurement object is associated with at least one MeasurementValue object. Each
MeasurementValue object is an instance of a measurement from a specific source, for
example, a telemetered measurement. In a study context, the measurement values would
have g calculation source instead.

Clause 6 contains a complete description of each class in Figure 6 gl 3 inftion of
all the|attributes and relationships supported in each class.

4.4.2.1 Connectivity and containment example

To illuptrate how the connectivity model and containment ar as objects, a
small pxample is presented in Figure 7. The exampte sho h a T-
junctign spanning two substations and a substatio \ - ith a
transfgrmer between them. The transmission ling ists [ . of the

voltage levels is shown with a busba i i Z S simple
switchpear bays connecting to the bu

Cable2

IEC 2614/03

Figure 7 — Simple network example

Figure 8 shows how connectivity is modeled in the CIM as well as one way (but not
necessarily the only way) containment is modeled for the diagram in Figure 8. The shaded
square boxes represent EquipmentContainers, and the white square boxes represent
ConductingEquipment. Darker shading indicates the EquipmentContainer is higher up in the
containment hierarchy (i.e. Substation is highest, VoltageLevel next, etc.). White circles
represent ConnectivityNodes, and black small circles represent Terminals. A Terminal
belongs to a ConductingEquipment, and a ConnectivityNode belongs to an
EquipmentContainer. This means that the borders (or contact points) between
ConductingEquipment are their Terminals interconnected via ConnectivityNodes.
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IEC 2615/03

ne SS1-SS2 contains three AGLineSeg g gble2, and Cable 3) and

H provides a connection to

represents just one wa could be modeled.| Each

ACLingSegment has two Terminals. Cs to CN3 and CN2 via|these
Terminals. CN3 is contained by the Vg The breaker BR1 has two terminals
of whi¢h one is connected {9 CN3. The\res terested reader to trace

Measyrements are represehied & ) here the arrow points to a Terminal[ P1 is
conneg¢ted to the righ i aker BR1. Note that P1 is drawn inside the

box

Power
400 k\

4.4.3

Figure
which |i

packa

representing 3
SystemR

which means

a Measurement may belong [to a
e W|th BR1. P2 is drawn inside the VoltaggLevel
) kV VoltagelLevel instead of BR3.

e inheritance hierarchy modeled in the CIM. This ovgrview,
of the Wires package diagrams, actually spans most of the CIM
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IdentifiedObject
(from Core)
PowerSystemResource — ControlHouseEquipment
(from Core) (from Core)
SubControlArea
(from Core) TapChanger VoltageControlZone
LoadArea
(from LoadModel) CompositeSyitﬁ
A\
Equipment EquipmentContainer <] ubstation
(from Core) (from Core) rom Gore
N\
A WL\&.
HeatExchanger \éfm ore
N( B\{\ \>
PowerTransformer (from Cte)

ConductingEquipment
(from Core)

A

SeriesCom pénsam(‘
N \
( Equivae\ ource~]

S?ant Line
A\
QNG=T
Corﬁ\uctor DCLineSegment
TkaS\fo%rWin ding ACLineSegment
CustomerlLoad

(from LoadModel)

StationSupply

(from LoadModel)

&

nbs.\er

>,

D

Eneréy{w\e\>< T\

EquivalentLoad

InductionMotorLoad
(from LoadModel)

<

9

%&ﬂétingConqu

ShuntCompensator

(from LoadModel)

BusbarSection

Junction

FrequencyConverter

StaticVarCompensator

Switch SynchronousMachine
~ L
ProtectedSwitch %7\Load8reak8witch
Breaker
Jumper Fuse Disconnector GroundDisconnector

IEC 474/09

Figure 9 — Equipment inheritance hierarchy
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4.4.4 Transformer model

Figure 10 shows a portion of the Wires class diagram which models a PowerTransformer
device.

As shown, a PowerTransformer is a specialized class of Equipment, which is a specialized
class of a PowerSystemResource, as is ConductingEquipment and TapChanger. This is
shown by the use of the generalization-type of relationship, which uses an arrow to point to
the general class, and permits the PowerTransformer to inherit attributes from both Equipment
and PowerSystemResource.

A PowerTransformer also has a Trnnefnrmnr\l\linr‘lingj which is modeled with an aggre lation-

type of relationship using a diamond symbol to point from the part class to ss. As

shown| a PowerTransformer may have (or contain) one or more Transf but a
TransformerWinding may belong to (or be a member of) only one Po
The TrHansformerWinding has other relationships as well:
— |a generalization relationship with ConductingEquip
— |an association relationship with the i at a
TransformerWinding object may be Tested hgTest

objects,

— |an aggregation relationship
TransformerWinding object mdy
with it.

class, such that a
sChanger objects assqciated

Clausg 6 contains a complete descripfion of ea
of all the attributes and relationships s ppn

N

in Figure 10 along with the definition

N

N \bowerSys W
\/\ (Thoin'Chre
Equipment A
Po%g?(ransformer TapChanger
from Core) \/ P
] +Rowex[ransfermer 1 0..n 0..n
+TapChangers TapChangers
< +MemberOf_PowerTransformer
x tExchanger” 0.1
\klgatE>echanger
+Contains_|TransformeWindings
+RegulationSchedule
1.n 0..1
ConductingEquipment TransformeWinding 1 RegulationSchedule
(from Core) +TransformerWinding
0..n 1
+To_TransformerWindings +From_TransformerWinding
+To_WindingTest +From_WindingTests
- 1 0..n
WindingTest

IEC 475/09

Figure 10 — Transformer model
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4.4.5 Measurements and controls

Measurements are used to represent the state variables that can be found in industrial
processes. Each industrial process has its specific types of measurements. A power system
typically has power flows, voltages, positions (e.g. breakers, isolators), fault indications (air
pressure, oil pressure over temperature, etc.), counters (e.g. energy), etc.

The name "Measurement" would seem to indicate that all the state variables are measured.
This is not always strictly the case as many measurements are calculated by SCADA or
EMS/DMS functions, such as State Estimator or Power Flow calculations. As a consequence,
a measurement may have a number of alternate values (e.g. manually supplied, telemetered,
state estimated, optimized etc.). This is supported by the Measurement and
MeasyrementValue models in the Meas package.

‘S
of

typicqlly are
amands

Contrdls are used to represent control variables. Power system contpokvari
set paints, raise lower commands, select before execute commaRds\a
etc. The Meas package support control variables with the Contrg

4.4.5.1 Use of measurement-related classes
A PowerSystemResource (PSR) may have zero to many ¥ ociated with it by
contaiping one or more measurements. Each § more
measuyrement values. Observing the following guideli i applications to ngvigate
and firjd the required measurement values in a ¢ i ' igure 11).

a)

b) lassified by MeasurementValueSource

c) |[MeasurementV om ldentifiedObject. The values to bg used

for Measurem S and MeasurementValueSource.descriptign are
given in e Z, i c ide$§ a number of source names to be used |where
possible. HOwé es to be used for specific applications are defined in

related IE ¢ interface specifications (CIS).

d) : dfor proprietary needs. The names added must start|with a
i \ he company name) and an underscore. Expmple:

e) 2 asSet s used for discrete measurements and describes mappingp from
bolg” names. Different communication protocols (e.g. for RTUs gnd for

tersyas ICCP or ELCOM) use different data encodings. A system may have

a system wid€ mapping for all Discrete values or group the Discrete values anq make

a’Mmapping per group. Creation of a single system wide mapping that covers elxisting

2) MeasurementType is different from Unit, which is part of the Domain package described in 4.2.10.
MeasurementType describes “what” is measured rather than the unit of measure including scaling, which is the
purpose of Unit.
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PowerSystemResource Terminal
(from Core) +Terminal | (from Core)
1 0.1 0..n
0.n +MemberOf_PSR +Terminals

+TapChangers
+ConductingEquipment
1
ConductingEquipment

(from Core)
Measurement A

0..
P X +Measurements +Measurement
unit ) eonit T e 0.1
(from Core)

0.n \R
1 0.n egulatingCondEgs

Quality!
+Measurements A
LimitSet 0..n| RegulatingCondEq
N P (from Wires)
[ZisPercentdgeLimits : Boolean
+MeaslgementType

+Contains_Measurements

+Measurement 0..n

1 \lgasure. mgnt\quy(fl_ blity

" 1 * i
+MemberOf_ Measurement MeasgrementValueQuality
Analog
[@maxvalue : Float 1 Analog
; . + 9
.nm;pn\qlzlll\J/Zlh’:??:tloat 1. [ Rvaly€’: Float ! Meagurementyelue

[positiveFlowIn : Boolean

0.n| +Measurements

MeasurementValu

- timeStamp : AbsoluteDate}
Likit sensorAccuracy : PerCent]
»

+Contain_MeasurementVajues

=1

me

0..n

| +LimitSets | g +LimitSet

logLimit +MeasurementValues

gvalu #Float

AnalogLimitSet

Accumulator

Mu mblatopyélue
[&maxvalue : Po;?ﬁ've}—teger

ﬂwlue :\Qsiﬁvelnteger
{n_Meas entNalyés

AccumulatorLimit
[Gvalue : Positivelnteger

+MeasufementValueSource
1

MeasurementValueSogrce

StringMeasurementValue

étringl%qsur&h@nt
1..n |[@halue : String

AN
\) +Contains_MeasurementValues
+MemberOf_Measurement

Nscrete

maxValue\Integer 1 DiscreteValue
{nValue : INjeger 1.* |[@value : Integer
Valyg': Integer
0..n

+Measurements

+Contain_MeasurementValues

+ValueAliasSet

0.1 .
ntradlinat *ValueAliasSet +Values NotuoTolk
—vettes —

1 1.n [Gvalue : Integer
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Figure 11 — Navigating from PSR to MeasurementValue


https://iecnorm.com/api/?name=c5fce4f449dda878a2784f8e1c8b0900

61970-301 © IEC:2009(E)

—-31-—

Table 1 — MeasurementType naming conventions

name aliasName description
Current Amp Current | (rms) of a non-three phase circuit
ThreePhaseCurrent AvAmps Total current | (rms) in a three phase circuit
PhaseCurrent A Measured phase current
Frequency Hz Frequency (f)
PowerFactor PwrFact Power Factor not allocated to a phase
ThreePhasePowerFactor TotPF Average power factor (pf) in a three phase circuit
ThreePhaseApparentPower TotVA Total apparent power (S) in a three phas/e’C'i'rc{it
ThreePhaseReactivePower TotVAr Total reactive power (Q) in a three ppagke circuit
ThreePhaseActivePower TotW Total real power (P) in a three p%ﬁ\c@cui}\
ApparentPower VoltAmp Apparent power (S) in a nonﬂr&\ph\a§e\c\irm}|‘t\\/
ReactivePower VoltAmpr Reactive power (Q) in a noﬁ-tthé\cir\c\{kt >
Voltage Vol Voltage (V) (rms) not@fk@(tér{ toNﬁase\
ActivePpwer Watt Real power (P)i}a-ﬂ%\-bh&eehh\asé\w
Pressurg Pres Pressure >
Temperpture Tmp Temperafn’r‘e\\)/
Angle Ang / %\ngl(—*{gg}\/\/eg}l volt(age@ Wgnt
ApparentEnergy TotVAh App r&\&ene y \ /

N

ReactivgEnergy TotVArh /Reactiv e}e\rgy
ActiveEhergy TotWh \ Ré&al ergb\\/
Automatic < AB&Q /\ Qut&n@t}c cwe%tion (not manual).
LocalOpgeration [\ EQC N N\ ‘@&Qperg)ion (not remote)
SwitchHosition k ,I}a{ \ SWN position [2bits = intermediate,open,closed,ignore]
TapPos|tion Q > < Ta{{’os T>~p/osition of power transformer or phaseshifter
Operatipn Count NQer bperatlon count - typically for switches

gﬂ\\Zv@xsurementValueSource naming conventions

\namy”

description

W

Telemetered values received from a local
SCADA system

\qu?nk

Value received from a remote control
center via TASE.2 or other control center

protocol
Operator Operator entered value (always manually
maintained, PSR is not connected to an
RTU)
Estimated Value updated by a state estimator
PowerFlow Value updated as result of a Powerflow
Forecasted Value that is planned or forecasted.
Calculated Calculated from other measurement
values (e.g. a sum)
Allocated Calculated by a load allocator
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Table 1 describes various types of measurements also defined in IEC 61850. The meaning of
the columns in Table 1 is as follows:
— name (MeasurementType.name) is the IEC 61970 measurement type name;

— aliasName (MeasurementType.aliasName) is the name assigned to the data in
IEC 61850-7-4 Clause 6 Data semantics;

— description (MeasurementType.description) of the data.

It shall be noted that Table 1 is a non-exhaustive list and that the mapping between
measurements as defined in a control center and a substation is non-trivial.

Followjing these conventions:

— |each Measurement instance represents a technolog: of a

PowerSystemResource,

— |each MeasurementValue of a measurement represents awalue or ' rfojogical
quantity, as supplied from a single source,

— |the source attribute in MeasurementValueQuality source
actually provided the current value, or whether it ha Wbsti or defaulted.

4.4.5.2 Attachment of measurements

ts are
re not

As me
contai

relateg

To spq used.
Examg ) S. can be
attachge b gngor placement. Flows have directipn and

must b

Figure

P12 (kV)

P11 (MW)

IEC 2619/03

Figure 12 — Measurement placement

P12 is a voltage Measurement that measures the voltage at the Junction J1. P12 is
topologically related to the ConnectivityNode CN1 via the Terminal in Junction J1. P11 is a
Measurement that measures the flow through Breaker BR10 at the side connected to the
ConnectivityNode CN1. P11 is topologically related to the ConnectivityNode CN1 via the left
Terminal in Breaker BR10. Temp is a Measurement that measures the Breaker temperature.
As a temperature is not related to connectivity, it has no relation to a Terminal - it just belongs
to the Breaker BR10.
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4.5 Modeling guidelines

This subclause provides guidelines on how to maintain and extend the CIM.

The CIM is meant to contain classes and attributes that will be exchanged over public
interfaces between major applications. The goal is to keep, as much as possible, only the
generic features from which a detailed implementation may be derived. In general, it is easier
to change the value or domain of an attribute than to change a class definition. This makes
the model more robust because it is able to support a broader class of requirements, and
more stable because new requirements may be able to be handled without requiring changes
to the model.

4.5.1 Amendments to the CIM

From {ime to time it may be desirable to amend the CIM to either revise pdel or

to extend the CIM to model additional elements of an electric ¢til . The
recommended process for such amendments is as follows.

a) |Prepare a Use Case(s) to describe the desired changes.\This sh inclyd posed
changes to the appropriate class diagrams showiqg ne 2 butes,
and associations.

b) [The Use Case(s) is then reviewed by the appropriateNE cide if
the requested changes should be treated as revisionsitortke current CIM standand, or if
they should be treated as priva , not r@;irina change to the standard
itself

c) G p will be added to a [list of

new version of the CIM model |will be
C CIM specification
4.5.1.1 Changes

From B modeling persp extended, the approach is to start wjth the

existing CIM UM odel in ormat. The extensions may be added in fany of
severdl ways th Yai in all cases, the approach is to inspect the ¢urrent
model|land determihg’th c bUI off of the existing class diagrams. The extensions
may tgke the form of f ing, starting from the simplest to the most complex:

The main (objectiveMs to reuse the existing CIM to the maximum extent possible. Hrom a

packaging point of view, extensions should be made to existing packages where possgjble.
the exmmmm—mmﬁven to

creating a new package for the additions, but still creating the necessary associations to the
existing package, keeping in mind that even though a new package is being created, the CIM
is still a single ROSE model file.

4.51.2 Changes to the CIM standards documents

From a documentation perspective, when the CIM is extended, a decision must be made
whether the changes constitute updates to existing CIM standards documents, or whether a
new Part 3xx specification is required. In either case, the extensions will then become part of
the IEC standard CIM.
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4.5.2 CIM profiles

An implementation of the CIM need not include all classes, attributes, or associations in the
standard CIM specification to be compliant with the CIM standard. Profiles may be defined to
specify which elements must be included (i.e. mandatory elements) in a particular use of the
CIM, as well as which are optional. These profiles will be defined in the Part 4xx series of
standards.

An example is the profile for exchanging power system models, which is the subject of the
draft Part 452 CIM Model Exchange Specification. This document specifies how the CIM is to
be used for exchanging power system models in XML, and also specifies the mandatory and
optional classes, attributes, and associations to be supported for this use of the CIM as

requirgd by NERC (North American Electric Reliability Council). The CIM Ve UML
modell i : in the
specifi or not
in this nd the
value . | in the
measyrement class, there is one entry “NercProfile” with the v. indicati at this
class ) Profile
specifi

4.6

The C ine CIM
exists the class diagrams and
descri iewing the CIM in this fpshion
provide vI-$pecification data to be yiewed
via po ge. Each top level package |s also
distrib ructed from the CIM packages

All futdire changes to the ificafi resulting in new versions of this standard, will be
incorpprated first into i \ el description to ensure a single source for the
CIM mijodel data

Clausg 6 of this d; dmentw > rated using IBM’s Rational SoDA, another mqadeling
tool fr| \ otd” documents from the ROSE model file based on a
custom template’gre

4.7

This s OV ommended user conventions when using the CIM in actual gystem
|mplementat| AS)

4.71 Number of terminals for ConductingEquipment objects

The following ConductingEquipment classes have two terminals: ACLineSegment,
DCLineSegment, Jumper, Fuse, Breaker, Disconnector, LoadBreakSwitch. All other
ConductingEquipment leaf classes have a single terminal, except for the Compensator class,
which has one terminal if of compensatorType shunt, and two terminals if of compensatorType
series.

For instances of ConductingEquipment that are not electrically connected to other equipment
(i.e. as when treated as an asset in inventory), it is acceptable to have no terminals specified.

4.8 CIM modeling examples

Annex A contains a comprehensive UML model for a circuit breaker to illustrate how the CIM
can be used to represent many different aspects of a device, including its electrical
characteristics, its role as a device electrically connected to other electrical devices in an
electrical network model, and its role as an asset in a utility enterprise operation.
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Power system models have been created from the CIM UML model in various ways. The first
example is an RDF (resource description framework) schema version of the CIM, which uses
XML (extensible markup language) to describe a power system network model

(IEC 61970-501). RDF schema versions of the CIM have been used to create XML model files
of actual networks for purposes of interoperability testing. An RDF schema version of the CIM
is generated from the CIM UML ROSE model file using a software tool based on the RDF
schema specification of the CIM.

It should be noted that an RDF schema version of the CIM is still metadata rather than an
instantiation of an actual network. However, complete network model files with descriptions of
all network elements and their electrical connectivity can be generated by system suppliers
usmg Dro rietary export tools, and then im orted by other systems via a similar import tool

XML models include the Siemens 100 bus model, the Areva 60 bus
bus mpdel files used for CIM XML interoperability testing. (see the B
report$ of these recent interoperability tests and the model files us

lished

5 Detailed model (normative)

5.1 Overview

The cpmmon information model (CIM) represents {a compreh i gical view of energy
manadement system information. This definition d€s, th@ubl s.classes and attributes, as

well ag the relationships between thend.

5.2 Context

The C kage defines datatypes used|by the

other | packages. c subdivided into Production| and

GenergtionDynamics 3 ) S 'thln thepackages are listed alphabetically. [Native

class ttributes are listed fi » itéd attributes. Native associations arqg listed

first for each class, ited\associations. The associations are dedcribed

according to th S articipating in the association. Aggregations arqg listed
t 0 ' p i

only fgr the role tha

Figure| 13 showsthe\op 5 kages included in this document.

Combinedarsion

1970 Swersion = iecB1970CIM11101_iecE1966CIMA
&date = 2007-01-25

IEC 477/09

Figure 13 — CIM Top level packages

3) Siemens100 bus model, Areva 60 bus model, and ABB 40 model are the trade names of products supplied by Siemens,
Areva, and ABB. This information is given for the convenience of users of this document and does not constitute an
endorsement by IEC of the product named. Equivalent products may be used if they can be shown to lead to the same
results.
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For each package, the model information for each class is fully described. Attribute
information for native attributes is listed as:

Name Type Documentation
Attribute information for inherited attributes is listed as:
Name Type Parent class name

The classes in the Domain package include an optional unit of measure for the attribute type.

The agsociations are listed according to the role the class participates i assodgiation.

The role information for native roles is listed as:

Multiplicity RoleTo. Multiplicity Role.To.
From Name To Name

The rolle information for inherited roles is listed as:

Multiplicity RoleTo. Multiplicity Role. lass name

From Name To

The MultiplicityFrom indicates the mukiplici value
of zertindicates an optional associatio ber of
associgtions are permitted. The RoleTg. s, tF ¢ pr side
of the|association. The MultlpI|C|tyTo an .R0C 2 indi iplicity and

name pf the class on the

9,
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6 Package architecture (normative)

This specification is autogenerated from the CIM model file iec61970CIM11r01.mdl. Figure 14
shows the package architecture for IEC 61970-301.

6.1 IEC 61970

iecE1970CIMY ersion

&version = cimB197 011401
Epdate = 2007-01-23

Generation @
Loadhodel Outage F&n\ \ SCW
E D
% } Meaas
N
3 .
% Varpalogy
— b A_‘
Core <<Global ==
Damain
IEC 478/09

Figure 14 — Main

6.1.1 IEC 61970CIMVersion

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

cim61970_v002 was created from cim10 _v000 WG13cimlssues 61968 Rev6 22Feb2005
that is the merged wg13 and wg14 models. The content has a number of wg13 issue
resolutions.

Native Attributes

version
date
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6.2 Core

Contains the core PowerSystemResource and ConductingEquipment entities shared by all
applications plus common collections of those entities. Not all applications require all the Core
entities.

ldentifiedOhject

v AL

BasiclnteralZchedule

gatartTime AhsuluteDateﬂ\\
gvaluellnit | String
gvalue2lnit - String

1
+CurveRchedule

Irregularlntewalwe({:luleg atintervalSchedule
meStep Seconds
endTime : AbsoluteDateTi |

1

Curve

groungeStyle - Curve s |
galnlt: String

+CumvgScheduleDatas

0.]n +IntervalSchedule
urveData

gfovalue DFlo.. +TimeFoints

- 1.*

"N
ImegUtscTimePint RegularTimePaint
tirney Seconds gsequanceMumber : Inte..
Q\g@: Float gvaluel ; Float
Q \Qa 2 Float gvalue? © Float

IEC 4[9/09

igure 15 — CurveSchedule



https://iecnorm.com/api/?name=c5fce4f449dda878a2784f8e1c8b0900

61970-301 © IEC:2009(E)

Coretersion

@versian = Care_v006
&date = 2007-01-23

— 39 —

+ModelingAuthoritySet

0.1

+ldentifedObjects

ModelingAuthoritySet | 1-0

1 [ Modelingautharity

+ModelingAuthority Sets

+hodelingAuthority

1.n
entifie ect
[ IdentifiedOhj ]
PSRType
0.1
+HSRType
O.n
+HowerSystemResource +Operates PSRs
[ PowerSystemResource A Cnm;@\
O.n 0.
A +peratedBy\ Coxpanis
HlgrmberOf_EquipmentContainer
0.1
FruipmentContainer - Equiprment
0.n Caontra Lﬁ&;{ﬁmen\r\
A +Cuntains_Equipmentsﬁ VA

+ZanductingEquipment

Terminal

O.n

T [condu ctin}ww\

+Termpinals

Con uctngéu@nt)\\>
r_\ N
Geugraphh\\alﬂew
NOUtR

oG n
Feaey

+Region

0.* +Substations

\Syh/statiun
+HemBEO 1
Hlernber Of |Substation
] +Basetoltage
+Contains_Woltagelevels
0.n 0.1
VoltagelLevel | HVoltageLevel 1 BaseVaotage BasePowgr
0.n +Bazevoltage
0.1
\ HvlermberOf [ Voltagelevel
+Containg_Bays
\ O.n
0. Bay
+Containg Bays IEC  480/09

Figure 16 — Main

Figures 15 and 16 are intended to show all classes needed for any application of the CIM for
modeling transmission and generation systems.
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6.2.1 BasePower

The BasePower class defines the base power used in the per unit calculations.

Native Attributes

basePower ApparentPower Definition of base power.
Inherited Attributes

mRID String IdentifiedObject
name String IdentifiedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasNpme String

description String

Roles| Inherited From |IdentifiedObject

1..n |ModelingAuthoritySet  0..1 ModelingAuthority
Set

Identifie

6.2.2 BaseVoltage

Collection of BaseVoltages which is used to verify th:
other yoltage attributes in the CIM are given a value gxisting i the

Native Qttributes
nominglVoltage

Inherited Attributes

mRID IdentifiedObject
name IdentifiedObject
localNpme IdentifiedObject
pathName IdentifiedObject
aliasNpme IdentifiedObject
description IdentifiedObject

Native| Roles

0..1 Conducting ConductingEquipment

1 VoltagelLevel

Roles

1..n ModelingAuthority IdentifiedObject
Set

6.2.3

Schedule of value

Native AttribTates

startTime AbsoluteDateTime

value1Unit String

value2Unit String

Inherited Attributes

mRID String IdentifiedObject
name String IdentifiedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasName String IdentifiedObject
description String IdentifiedObject

Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

e and
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6.2.4 Bay

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

Native Attributes

bayEnergyMeasFlag Boolean Indicates the presence/absence of
kWh/kvarh measurements.
bayPowerMeasFlag Boolean Indicates the presence/absence of
MW/MVAr measurements.
breakerConfiguration BreakerConfiguration Breaker configuration.
busBarCanfiguration BusbarCaonfiguration Bus bar configuration

Inherited Attributes

mRID String
name String
localNpme String
pathName String
aliasNpme String
description String

Native| Roles

0..n |MemberOf_VoltageLevel 0..1 in the

0..n |MemberOf_Substation in the

Roles |nherited From EquipmentContain

1 ConnectivityNodes
0..1 |Contains_Equipmen

Roles |Inherited From
0..n Operater@ .
0..n |PSRType

1 Contains_

EquipmentContainer
EquipmentContainer

PowerSystemResource
PowerSystemResource
Measurement PowerSystemResource
OutageSchedule PowerSystemResource

Roles

1..n ModelingAuthority IdentifiedObject
Set

6.2.5 Company

A company is a legal entity that owns and operates power system resources and is a party to
interchange and transmission contracts.

Native Attributes

companyType CompanyType The type of company, e.g.: pool, municipal,
private

Inherited Attributes

mRID String IdentifiedObject

name String IdentifiedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasName String IdentifiedObject

description String IdentifiedObject
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Native Roles

0..n  Operates_PSRs 0..n PowerSystemResource A power system resource
may be part of one or more
companies.

Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.2.6 ConductingEquipment

The parts of the power system that are designed to carry current or that are conductively
connected therewith. ConductingEquipment is contained within_an EquipmentContainer that
may be a Substation, or a VoltageLevel or a Bay within a Substation.

Native |Attributes

phase$ PhaseCode Describes the by a
conducting i alues {
ABCN AB, AC,
BC, Ap

Inherited Attributes

mRID String IdgntifiedObject

name String dentifiedObject

localNpme String IdentifiedObject

pathName String IdentifiedObject

aliasNpme String IdentifiedObject

description String IdentifiedObject

ConductingEquipment hgs 1 or 2
terminals that may be cohnected
to other ConductingEquipment

terminals via ConnectivityNodes.

Native| Roles

1 Terminals Y ﬁ
0..n |BaseVoltage
1 ClearanceJ ag

0..n [|Protectionk

CleafanceTag Conducting equipment nmay have
multiple clearance tggs for
authorized field work.
ProtectionEquipment Protection equipment mgy be
used to protect specific
Conducting Equipment. Multiple
equipment may be prote¢ted or
monitored by multiple prgtection
equipment.

Roles |Inherited From Equipment

0..n |[MemberOf _Equipment 0..1 EquipmentContainer Equipment
Container

Roles Inherited From PowerSystemResource

0..n  OperatedBy_Companies 0..n Company PowerSystemResource
0..n  PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements 0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource

Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set
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6.2.7 ControlHouseEquipment
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Equipment in a substation control house. Covers things such as fire alarms, ambient
temperature, door alarms, and spares.

Native Attributes
controlHouseEquipType

ControlHouseEquipmentType Type of control house

equipment.
Inherited Attributes
mRID String IdentifiedObject
name String IdentifiedObject
localNpme String
pathName String
aliasNpme String
description String
Roles|Inherited From PowerSystemResource
0..n |OperatedBy Companies  0..n Company
0..n |PSRType 0..1 PSRType
1 Contains_Measurements 0..n Measuremen
1 OutageSchedule 0..1 OutageSc

Roles [nherited From ldentifiedObjec

1..n  |ModelingAuthoritySet

6.2.9

variables (YJl:aXi

Native |Attributes

0.1 -;: ofi

6.2.8 CoreVersign Q
Native |Attributes

version Q

) %

curveStyle
xUnit
y1Unit
y2Unit

Inherited Attributes

mRID
name
localName
pathName
aliasName
description

Native Roles
1 CurveScheduleDatas

CurveStyle

String
String
String

String
String
String
String
String
String

0..n

CurveData

The style or shape of the curve.

The Y1-axis units of measure.
The Y2-axis units of measure.

IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject

The point data values that define a
curve.
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Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.2.10 CurveData
Data point values for defining a curve or schedule

Native Attributes

xvalue Float The data value of the X-axis variable,
depending on the X-axisuQits.

y1value Float Variable,

y2value Float Y-axis
oh the Y-

Native| Roles

0..n |CurveSchedule 1 Curve define a

6.2.11 Equipment

The parts of a power system that are phys ric or mechanical

Inherited Attributes

mRID IdentifiedObject

name IdentifiedObject

localNpme IdentifiedObject

pathName IdentifiedObject

aliasNpme IdentifiedObject

description IdentifiedObject

Native)

0..n The association is used in the
naming hierarchy.

Roles

0..n 0..n Company PowerSystemResource

0..n 0..1 PSRType PowerSystemResource

1 fe 0..n Measurement PowerSystemResource

1 QutageSchedule 0..1 OutageSchedule PowerSystemResource

Roles Inherited From |dentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.2.12 EquipmentContainer
A modeling construct to provide a root class for all Equipment classes

Inherited Attributes

mRID String IdentifiedObject
name String IdentifiedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasName String IdentifiedObject

description String IdentifiedObject


https://iecnorm.com/api/?name=c5fce4f449dda878a2784f8e1c8b0900

61970-301 © IEC:2009(E) - 45—

Native

1
0..1

Roles
ConnectivityNodes 0..n  ConnectivityNode
Contains_Equipments  0..n Equipment The association is used in the

naming hierarchy.

Roles Inherited From PowerSystemResource

0..n
0..n
1
1

Roles
1..n

6.2.13

A geographical region of a power system network mod

OperatedBy Companies  0..n Company PowerSystemResource
PSRType 0..1 PSRType PowerSystemResource
Contains_Measurements 0..n Measurement PowerSystemResource
OutageSchedule 0..1 OutageSchedule PowerSystemResource
nherited From IdentifiedObject

Geograph

Inherited Attributes

mRID
name
localN

Ame

pathName

aliasN
descri

Native| Roles

0..1

Roles
1..n

6.2.14

This i$ a root

attribu

Native
mRID

name

localN

hme
btion

Regions

nherited Fr; 7

ModelingA

ModelingAuthoritySet  0..1 ModelingAuthority

Identified

Set

icalRegion

IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject

The association is used| in the
naming hierarchy.

ModelingAuthority
Set

IdentifiedObject

po provide common naming attributes for all classes needing rjaming

fes
Attributes

String A Model Authority issues mRIDs. Given
that each Model Authority has a unique id
and this id is part of the mRID, then the
mRID is globally unique.

String The name is a free text human readable
name of the object. It may be non-unique
and may not correlate to a naming
hierarchy.

ame String The localName is a human readable name

of the object. It is only used with objects
organized in a naming hierarchy. The
simplest naming hierarchy has just one
parent (the root) giving a flat naming
hierarchy. However, the naming hierarchy
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pathName String

aliasName String

61970-301 © IEC:2009(E)

usually has several levels, e.g. Substation,
VoltagelLevel, Equipment, etc. Children of
the same parent have names that are
unique among them. If the uniqueness
requirement cannot be met
IdentifiedObject.localName shall not be
used, use ldentifiedObject.name instead.
The pathname is a system unique name
composed from all
IdentifiedObject.localNames in a naming
hierarchy path from the object to the root.
The aliasName is free text human readable

description String

Native| Roles
1..n  |ModelingAuthoritySet  0..1

ModelingAutHhori

name of the obje alternative to
IdentifiedObject.name.
unique and may
hierarchy.

The descriptio

ate to a

Set

6.2.15 IrregularintervalSchedule

The sghedule has TimePoints where the ti

9

varies.

Inherited Attributes
startTime BasiclntervalSchgdule
vaIue;lUnit BasiclntervalSch}dule
value2Unit BasiclntervalSchgdule
mRID IdentifiedObject
name IdentifiedObject
localNpme IdentifiedObject
pathName IdentifiedObject
aliasNpme IdentifiedObject
descriptj IdentifiedObject
Nativel Ro
1 TimePo IrreqularTimePoint  The point data values that define
a curve.

Roles |nherited From BasiclntervalSchedule
Roles Inherited From ldentifiedObject
1..n ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

Set
6.2.16 IrregularTimePoint

TimePoints for a schedule where the time between the points varies.

Native Attributes

time Seconds
value1 Float
value2 Float

The time is relative the
BasicTimeSchedule.startTime.
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Native Roles

1..*  IntervalSchedule 1 IrregularintervalSchedule The point data values that
define a curve.

6.2.17 ModelingAuthority

A Modeling Authority is an entity responsible for supplying and maintaining the data defining a
specific set of objects in a network model.

Inherited Atiributes

mRID String IdertifiedQbject
name String IdentifiedObjeet
localNpme String i
pathName String

aliasNpme String

description String

Native| Roles

1 ModelingAuthoritySets 1..n ModelingAuthoti
Set

Roles [nherited From |dentifiedObject
1..n  |ModelingAuthoritySet  0..1 deliy(qguﬁnorit

6.2.18 ModelingAuthg

A Modeling Authority Set is etwork model where the data is sypplied

and mpaintained by the

Inherited Attribu@

mRID IdentifiedObject
name IdentifiedObject
localNpme IdentifiedObject
pathName IdentifiedObject
aliasNpme i IdentifiedObject
descripl IdentifiedObject

Native| Role

.. IdentifiedObject
1 ModelingAuthority

Roles lnherited Erom Idnnfifindﬂhjnpf

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

1..n | ModelingAuthority

6.2.19 PowerSystemResource

A power system resource can be an item of equipment such as a Switch, an
EquipmentContainer containing many individual items of equipment such as a Substation, or
an organizational entity such as Company or SubControlArea. This provides for the nesting of
collections of PowerSystemResources within other PowerSystemResources. For example, a
Switch could be a member of a Substation and a Substation could be a member of a division
of a Company.
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Inherited Attributes

mRID String IdentifiedObject

name String IdentifiedObject

localName String IdentifiedObject

pathName String IdentifiedObject

aliasName String IdentifiedObject

description String IdentifiedObject

Native Roles

0..n  OperatedBy _Companies 0..n  Company A power system resource may be

part of one or more companies.

0..n PQPTy,np 01 PSRTvpe

1 Contains_Measurements  0..n Measurement at are
ierarchy
ntaining

1 OutageSchedule 0..1 OutageSchedule ce may

Roles [nherited From |dentifiedObject
1..n |ModelingAuthoritySet  0..1

6.2.20

Classifying instances of the same clas

This dlassification mechanism is intendeg-~to
standdrd, i.e. provide customization tha is

Inherited Attributes
mRID IdentifiedObject
name Q IdentifiedObject
localNBme IdentifiedObject
pathName IdentifiedObject
aliasNpme IdentifiedObject
description IdentifiedObject
Native)
0..1 0..n PowerSystemResource
Roles IdentifiedObject
1..n 0..1 ModelingAuthority IdentifiedObject

Set
6.2.21] " RegularintervalSchedule

PSRType

ModelingAuthori
Set

e.g. srhead and underground ACLineSegments.
exibility outside the scope pf this

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

Native Attributes

timeStep
endTime

Inherited Attributes

startTime
value1Unit
value2Unit
mRID
name
localName
pathName

Seconds
AbsoluteDateTime

AbsoluteDateTime BasiclntervalSchedule

String BasiclntervalSchedule
String BasiclntervalSchedule
String IdentifiedObject
String IdentifiedObject
String IdentifiedObject

String IdentifiedObject
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aliasName String

description String

Native Roles

1 TimePoints 1..7% RegularTimePoint

Roles Inherited From BasiclntervalSchedule

Roles Inherited From ldentifiedObject

IdentifiedObject
IdentifiedObject

The point data values that
curve.

define a

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set
6.2.22 RegularTimePoint
TimePpints for a schedule where the time between the points is corfs
Native Attributes
sequephceNumber Integer
value1 Float
value?2 Float
Native| Roles
1..* |IntervalSchedule 1 equlariyter S eéﬁke he point data values that
-/ Ndefine a curve.
6.2.23 SubControlAreg
An arga defined for the p ge with surrounding areas via tie points;
may of may not serve as
Inherited Attrib
mRID IdentifiedObject
name IdentifiedObject
localNpme IdentifiedObject
pathName IdentifiedObject
aliasNpme IdentifiedObject
descriptio IdentifiedObject
Native| Role
0..1 | Generatling 0..n GeneratingUnit A GeneratingUnit injects| energy
into a SubControlArea.
Roles |nherited From PowerSystemResource
0..n  OperatedBy Companies  0..n Company PowerSystemResource
0..n  PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements 0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource
Roles Inherited From |dentifiedObject
1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

Set
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6.2.24 SubGeographicalRegion

A subset of a geographical region of a power system network model.

61970-301 © IEC:2009(E)

i in the

edl in the

Inherited Attributes

mRID String IdentifiedObject
name String IdentifiedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasName String IdentifiedObject
description String IdentifiedObject
Native[Roles

0..1 |Substations 0..x Substation

0..* |Region 0..1 GeographicalRegion

0..1 |Lines 0..* Line

Roles |nherited From ldentifiedObject

1..n  |ModelingAuthoritySet  0..1 ModelingAuthori

6.2.25 Substation

A collgction of equipment for purpose fon or utilization, through

electri¢ energy in bulk is passed for the pu

Inherited Attributes

ing or modifying its character

which
stics.

mRID IdentifiedObject

name IdentifiedObject

localNpme IdentifiedObject

pathName IdentifiedObject
aliasNpme IdentifiedObject
description IdentifiedObject

Nativel Roles

0..” Regio 0..1 SubGeographicalRegion The association is
used in the| naming
hierarchy.

1 Contaig 0..n  Voltagelevel The associgtion is
used in the| naming
hierarchy.

0..1 |Contains_Bays 0..n Bay The associertion is
USed I the naming
hierarchy.

0..1 Contains_CompositeSwitches 0..n CompositeSwitch

Roles Inherited From EquipmentContainer

1 ConnectivityNodes 0..n ConnectivityNode EquipmentContainer

0..1 Contains_Equipments  0..n Equipment EquipmentContainer

Roles Inherited From PowerSystemResource

0..n  OperatedBy Companies  0..n Company PowerSystemResource
0..n  PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements  0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource
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Roles Inherited From |dentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.2.26 Terminal

An electrical connection point to a piece of conducting equipment. Terminals are connected at
physical connection points called "connectivity nodes".

Inherited Attributes

mRID String
name String
localNpme String
pathName String
aliasNpme String
description String

Native| Roles

0..n |ConductingEquipment 1 ¢tingEquipment has 1 or
minals that may be
nected to other
onductingEquipment
terminals via
ConnectivityNodes.
One or more measyrements
may be associated [with a
terminal in the network
Terminals interconnect|with
zero impedance at a ndde.
Measurements on a no¢le apply
to all of its terminals.

0..1 Measurements

0..n | ConnectivityNode

Roles

1..n ModelingAuthority IdentifiedObject
Set

6.2.27

Quantity being measured. The Unit.name shall be unique among all specified quantiti¢s and
describe the quantity. The Unit.aliasName is meant to be used for localization. T

Inherited Attributes

mRID String IdentifiedObject

name String IdentifiedObject

localName String IdentifiedObject

pathName String IdentifiedObject

aliasName String IdentifiedObject

description String IdentifiedObject

Native Roles

1 Measurements 0..n Measurement The Measurements having the
Unit.

1 Controls 0..n Control

1 ProtectionEquipments  0..n ProtectionEquipment
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Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.2.28 VoltageLevel

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.

Native [Attributes

highVgltageLimit Voltage The bus bar's high V.
lowVoltageLimit Voltage The bus bar's loy

Inherited Attributes

mRID String

name String

localNpme String

pathName String

aliasNpme String

description String éntifiedObject

Native| Roles

0..n |MemberOf_Substation dssociation is used| in the
ping hierarchy.
The association is used| in the

naming hierarchy.

0..1 |Contains_Bays

0..n |BaseVoltage

Roles

1 EquipmentContainer

0..1 EquipmentContainer
Roles

0..n PowerSystemResource
0..n PowerSystemResource
1 Measurement PowerSystemResource

OutageSchedule PowerSystemResource

Roles |nherited From ldentifiedObject

1..n ModefimgAuttoritySet—01 ModetimgAuthority —tdentifredObject

Set

6.3 Domain

The domain package is a data dictionary of quantities and units that define datatypes for
attributes (properties) that may be used by any class in any other package.


https://iecnorm.com/api/?name=c5fce4f449dda878a2784f8e1c8b0900

61970-301 © IEC:2009(E) - 53 -

This package contains the definition of primitive datatypes, including units of measure and
permissible values. Each datatype contains a value attribute and an optional unit of measure,
which is specified as a static variable initialized to the textual description of the unit of
measure. The value of the "units" string may be country or customer specific. Typical values
are given. Permissible values for enumerations are listed in the documentation for the
attribute using UML constraint syntax inside curly braces. Lengths of variable strings are
listed in the descriptive text where required.

Domainersion

&verzion = Ciomain_wL...
&d ate = 2006-05-23

IEC 481/09

Figure 17 — Main

Figure[17 shows the version number of the Domain Package.

==Primitive== =Rrimitiecs
Counter apfSteh

gralue © Integer oidlus-integer

gunits : String = “Couni 7{ (\5 N >

==Prirmitiv =Primitive==
Clagsificafion TexninalCount
Iue:lsr’?g{\\\ \ Svélue : Integer
gm: Sffin g =Churt )
N

(\ \—)\/ ==Primitive==
P E\ TerminalType
i gralue :Integer

o e

18 — Integer Datatypes

IEC 482/09

Figure
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=<Primitive==
ActiveP ower
gralue : Float
@units : String = "MW

==Primtivas=
EnergyAshivih
gwalue : Float
gpunits © String = "Mih"

==Primitive==
Admittance

==Primitive==
ExcitingCurrant

gvalue : Float
SlUnits © String = "Siemens"

gralue : Float
units : String ="PerCent”

==Primitive==
AngleDegrees

==Primitive==
Exponent

gralue : Float
gunits : String = "Degrees”

gralue D Float
units : String = "Exponent’

==Primitive==
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==Primiive==
WoltagePerReactive Power
gralue : Float
ounits : String = "KWhWAL

==Primitive==
Maney
gvalue : Float
&units ; String ="uoc"

==Primitive==

MoloadlLoss
gvalue : Float
unhits © String = "ka"
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==Primitive==
PLIKYPe v Ar

gvalue  Float
gunits | String = "PLKWIRAE

==Primitive==
RatedfChange

gwalue : Float
units : String = "Hertr"

==Primitive ==
Ratio

gvalue : Float

==Primitive==

units : String = "Radians"

==Primiive==

FregBiasFactor
gvalue : Float

units ; String = "MNI0.1 HE"

==Primfe==
ApparentFower _
gvalue [ Float ==Primitive==
' Freguens
@units © String  "WYA" 1 Y
gvalue  Float

<=Primpies=
Conduftance

gvalue  Float
Units : StringF "Siemens”

z=Primiive==
CostPerEneraylUnit

gvalue Float
gunits ; String £ "uocihiith”

==Primifve==
CostPerHeatUnit

gralue : Float
guhits : String F "uoc/MBtY"

==Primifive==
CostPefHour

gvalue : Float
@units : Stringls "uociHour

==Primitfve==
Currentflow

galue : Float

value : Float

gunits : String "L W2 \/

Sunits  String - "Amnered” \0\ S
N S
==Prirnitfves \“ e
Darmpln

gunits : String = "Herz"

==Primitive==
HeatPerHour
gralue : Float
units : String = "MBtuHour,

==Primitive==
Hours

gvalue : Float
@units : String = "hours" /
1

=ZPrimitive= =

/Ndancy/‘\

oval :FmN
mnits: tring =Nohms"

Fhicnitive=
k \m&gce\
alue : Flogt z
Q /\é&its : 813& "Millitre nries"

galue  Float

==Primitive==
FenaltyF actor
gvalue : Float

d

AN

==Primitive,
PerCe

o\faluem

oun'rts/‘ Ting="PCer
7
==Prifnitivk==

/\ \CowgFArtorsg

evale “Flog

UNits : Strint " Fgtic) ‘\>
PiweROCP et
E&FIK
RIS\, Strins "Wivirninute”
=Primitives>
owerROCPerSec

gvalue : Float
units : String = "Myisecond”

N

g —— v otip | FlReactance

i ==Prirnitive== alue  Float
AngleHadians gralue : Float PaicipationF actar Sunits : Strin =4Phms"

gvalue : Floa

=XPrimitpe==
ReactiveHower

gunits . Strivg =" fWAX

\/><Primiti .
Resistahce

alue : Float
units : String ="

==Primitife==
Secongs

gvalue : Float

gunits : String = "geconds”

==Primitiye==
ShortLerjgth

galue  Float

==Primitife==
Susceptgnee

galue : Float L
grunits - String = "§iemens"

==Primitive==
FowerversusFreguency

gralie : Float

=Riirntifed
nertia

gunits: Sting ="PU MWPL Fregue ney

galiey Fiaat
unitgs String="PLI MW-Secand”

==Primitive==

N
Load

gvaluey: Float
SUE - String = "W

Powerersusvoltage

gralie : Float
gunits; String ="PL AP A"

=<Primitive==
Pressure

==Primifve==
Tempetpture

gralue : Float
gunits : TempdraturelUnits

==Prirmftive==
Woltgoe

gralue : Float
gunits - String 4 "KW

<<Primlgl\te>>
Yolufne

RS —— gvalue : Float o gvalue : Float
E— LoadLoss units . String = nfing units - String 3 "Mm3"
==Primitpes®
Emiss{ah alue | Float e =<Primitive== «=Primifiva==
gralue D Float Hale-Bing = A s Lkl avel
P z — o :
gunits : String = "ko/MBty —=Primitivess gwalue  Float o\-’al_%[le SFtln_a'( L
N =
LongLen gt @units : String = "m

gvalue : Float
@units : String = "Lonal enoth”

Figure 19 -

Figure 19 shows all Float data types.

Float Datatypes

IEC

483/09
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==Primitive==
CampositeSwitch Ty pe

==Prirmiti
PhaszseC

R ==
ode

galue : String

gvalue : String

<=Primitive>=
Controlode
gvalue : String

==Prirniti

Reference

W ==

gvalue © String

Figure

Figure 20 — String Datatypes

20 shows all String data types.

ormples
oNe
n.x
el
/*1\

=P

N

<<Primitive > ==Primitive== =<Primitive=:=
Short Integer LovglDepg
==[rimitive=:= <<Primitive== <<Hrimitives>
Octet UL% Ulonglng
<=Hrimitive== 2PN i =
Hoolean Ah%a\te e
<<Hrimitives :
d “Rujpfitive ==
String

>

rimw
Float

z<H

Firaltive ==

agippaty

<=<Primitive=
==Primitive== TimeStarmp
OperatingMode gwalue ; String
galue : String
IEC

2
O ==nion==
Mumeric

&
&
&
&
&
&
&
&

..

INT_A%PE : Integer
TET_TYFE : Cctet
URSIGKED_TYPE : ULong
FLOAT_TYPE : Float
COMPLEX_TYPE : Complex
DATE_TIME_TYFE : AbsoluteDateT .
ULOMG_LOMG_TYPE : ULongLong
SHORT_TYPE : Short
LOMG_LOMG_TYPE : LongLong

==Enumeration==
MumericType

&INT_TYPE
SOCTET_TYPE
SUNSIGNED_TYPE
SFLOAT_TYPE
SCOMPLEX_TYPE
SDATE_TIME_TYPE
SULONG_LONG_TYFE
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Figure 21 — Primitive Datatypes

Figure 21 shows primitive datatypes that are the basis for all other datatypes.
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Figure 22 — Enumeration Datatypes
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Figure 22 shows all Enumeration data types. The member "none" means that this axis is not

used, only valid for y1Axis or y2Axis.

6.3.1 AbsoluteDateTimePrimitive

Date and time as "yyyy-mm-ddThh:mm:ss.sss", which conforms with ISO 8601. UTC time
zone is specified as "yyyy-mm-ddThh:mm:ss.sssZ". A local timezone relative UTC is specified

as "yyyy-mm-ddThh:mm:ss.sss-hh:mm".

6.3.2 ActivePowerPrimitive
Produ -
current (Megawatt)

Native |Attributes

value Float
units String

6.3.3 AdmittancePrimitive

Ratio ¢f current to voltage.

Native |Attributes %
value Float
units i

6.3.4 AngleDeg

Measyrement of 9\/4qgle in

Native |Attributes

value
units

6.3.5

Phase

Native |Attributes

value Float
units String
6.3.6 ApparentPowerPrimitive

Product of the RMS value of the voltage and the RMS
(MegaVoltAmperes)

Native Attributes

value Float
units String

of the

value of the current


https://iecnorm.com/api/?name=c5fce4f449dda878a2784f8e1c8b0900

6.3.7

— 58 —

AreaControlModeEnumeration

Native Attributes

CF
CTL
TLB
OFF

6.3.8

Constant frequency
Constant tie-line
Tie-line bias

Off control

BoilerControlMode Enumeration

Boiler
Native

followi
coordi

6.3.9

A type

6.3.10

SwitcHing arrangement for Bay.

Native
single
breakgq
doublsg

noBreaker

6.3.11

Busba

Native

single
doublg
mainW

{ Following, Coordinated}
Attributes

ng
hated

BooleanPrimitive

with the value space 0..1 where 0 means false

BreakerConfiguration Enumerati

Attributes

Breaker
rAndAHalf

Breaker

meration

ithTransfer

ringBu

S

6.3.12

ClassificationPrimitive

1..n, with 1 the most detailed, highest priority, etc.

Native Attributes

value
units

Integer
String

61970-301 © IEC:2009(E)



https://iecnorm.com/api/?name=c5fce4f449dda878a2784f8e1c8b0900

61970-301 © IEC:2009(E) -59 -

6.3.13 ClearanceTagTypeEnumeration

Type of ClearanceTag. Could indicate the type of work to be performed and/or the type of
supervisory control.

6.3.14 CompanyTypeEnumeration

Type of company.

Native Attributes
pool

municipat
isPrivdte

6.3.15 ComplexPrimitive

A realand imaginary pair of Float values.

Native| Roles

0..* |real
0..* |imaginary

6.3.16

An alqg to extar information such ps the

descri

Native
value

6.3.17

Factor| i : multiplied to give corresponding power lost from a fircuit.
Real p i

Native

value
units

6.3.18 ControlHouseEquipmentTypeEnumeration

Type of control house equipment.

6.3.19 ControlModePrimitive

Textual name for a control mode

Native Attributes
value String
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6.3.20 CoolantTypeEnumeration

Method of cooling a machine.

Native Attributes

air

hydrogenGas

water

6.3.21 CostPerEnergyUnitPrimitive

Cost, in units of currency, per megawatt hour of electricity generated.

Native |Attributes

value Float

units String

6.3.22 CostPerHeatUnitPrimitive

Cost, in units of currency, per million Btus of he Nera
Native Attributes

value Float

units String

6.3.23 CostPerHoUrPrim

Cost, in units of@n

Native |Attributes

value
units

6.3.24

Measurement of quapfity (must be greater than or equal to zero).

Native Attribates

value Integer Value must be greater than or equal to 0.
units String
6.3.25 CurrentFlowPrimitive

Current flow in amperes (positive flow is out of the ConductingEquipment into the
ConnectivityNode).

Native Attributes

value Float
units String
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6.3.26 CurveStyleEnumeration

Style or shape of curve.

Native Attributes

constantYValue
straightLineYValues
rampYValue
formula

6.3.27 DampingPrimitive

Per-urlit megawatt variation with per-unit frequency referenced on
Typicdl values in range 1,0 — 2,0.

Native |Attributes

value Float
units String
6.3.28 DayTypeNameEnumeration
Name |of day type.

Native Attributes

weekday

weekend

holida

6.3.29 Domﬁ

Native |Attributes

version
date

6.3.30 ' rimitive

Quant(ty,of-emission per fuel heat content.

MVA

Native Attributes

value Float
units String

base.


https://iecnorm.com/api/?name=c5fce4f449dda878a2784f8e1c8b0900

6.3.31

- 62 - 61970-301 © IEC:2009(E)

EmissionTypeEnumeration

The type of emission.

Native Attributes

sulfurDioxide
carbonDioxide
nitrogenOxide
hydrogenSulfide
chlorine
carbonDisulfide

6.3.32

The sq

Native

meas
calcul

6.3.33

Electri

Native

value
units

6.3.34

The e
nomin

Native

value
units

EmissionValueSourceEnumeration

urce of the emission value.

Attributes

red
ted

EnergyAsMWhPrimitive %
C energy, in megawatt-hours.
Attributes

xciting cu
bl volta

bnt, at

6.3.35

ExponentPrimitive

Exponentiation amount.

Native

value
units

6.3.36

Attributes

Float
String

FloatPrimitive

A type defined by IEEE 754-1985 as double (OBSERVE, not as the IEEE 754-1985 float).
The value range is m*2**e where the range of m is —2**52..2**52 —1 and the range of e is

-1075

..970.
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Native Roles

1 0..* Complex
1 0..* Complex
6.3.37 FractionPrimitive

Fractional amount. Sum of all fractions of the same quantity should be 1,0.

Native Attributes
value Float

6.3.38 FreqBiasFactorPrimitive

A control area's frequency bias factor.

Native [Attributes

value Float
units String
6.3.39 FrequencyPrimitive &

Cycled per second.

Native [Attributes

value

units 0

6.3.40

Type g

Native
coal
oil
gas

6.3.41 GeneratorControlModeEnumeration

Unit control modes, i.e. Setpoint or Pulse.

Native Attributes

setpoint
pulse

6.3.42 GeneratorControlSourceEnumeration

The source of controls for a generating unit, i.e. Unavailable, Off-AGC, On-AGC, Plant
Control.
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Native Attributes

Unavailable
offAGC
onAGC
PlantControl

6.3.43 GeneratorOperatingModeEnumeration

Operating mode for secondary generator control, e.g.: Unavailable, Manual, Fixed, Load
Frequency Control, AGC, EDC, RPN, MRN, or REG.

Native [Attributes

Off
Manus
Fixed
LFC
AGC
EDC
MRN
REG

6.3.44 HeatPerHourPrimitive

Heat generated, in millions of Btus, per,

Native |Attributes

value
units

6.3.45 Hours; jve

Time, |n hours.

Native Attribut

value Float
units String

6.3.46| .~ HydroPlantTypeEnumeration

The type of hydro power plant, e.g.: Run-of-River, Pumped Storage, Major Storage, Minor
Storage.

Native Attributes

runOfRiver
pumpedStorage
majorStorage
minorStorage

6.3.47 ImpedancePrimitive

Ratio of voltage to current.
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Native Attributes

value Float
units String
6.3.48 InductancePrimitive

Inductance, in millihenries.

Native Attributes

value Float
units String
6.3.49 InertiaPrimitive

Megawatt-seconds per megavolt-ampere rating of the unit referew
base. [Typical values in range 3,0 — 5,0.

Native |Attributes

value Float
units String
6.3.50 IntegerPrimitive

A type|with the value range —2**-31..2%*3"

6.3.51 LoadPrimitiv

Load ipn MW, greater than O

Native ttributes Q

value lo
units %S (!

6.3.52

The lops onsshor it test at rated current.

Native Uttributes

value Float
units String

6.3.53 LongDoublePrimitive

A type defined by IEEE 754-1985 as a long double.

6.3.54 LongLengthPrimitive

Long unit of length (e.g. mile; kilometer).

MVA
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Native Attributes

value Float
units String
6.3.55 LongLongPrimitive

A type with the value range —2**63..2**63 —1.

6.3.56 MoneyPrimitive

Amourﬂt of money.

Native [Attributes

value Float

units String Unit of Cu s
6.3.57 NoLoadLossPrimitive

The lops on open-circuit test at nominal voltage.

Native [Attributes

value

units i

6.3.58 NumericURpjon

Numetic is a unign\tha
type NumericTyt

Native [Attributes

ptor of

INT_T|YPE

OCTET_TYR ctet

UNSIG ) Long

FLOAT Float
COMPLEXTYRE Complex
DATE]|TIME 3 AbsoluteDateTime
ULONG_LONG ULonglLong
SHOR[T AT Y-PE Short
LONGLLONG_TYPE Longlong
LONG_DOUBLE_TYPE LongDouble

BOOLEAN_TYPE Boolean
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6.3.59

NumericTypeEnumeration

NumericType is an enumeration of the defined Numeric value types.

Native

Attributes

INT_TYPE
OCTET_TYPE
UNSIGNED_TYPE
FLOAT _TYPE
COMPLEX_TYPE
DATE_TIME_TYPE

ULON
SHOR
LONG
LONG
BOOL

6.3.60

A type

6.3.61

Textus

Native
value

6.3.62

Gener

Native
value

6.3.63

Defing]
expres

G TONG_TYPE
T _TYPE

| LONG_TYPE

| DOUBLE_TYPE
EAN_TYPE

OctetPrimitive

with the value range 0..255.

OperatingModePrimitive
| name for an operating mode.
Attributes

Parti<:§lt
hting unit e

Attributes

actorPrimitive

d as; 1/ ( 1 ~Incremental Transmission Loss); with the Incremental Transmissio
se@/as a plus or minus value. The typical range of penalty factors is (0,9 to 1,1).

N Loss

Native Attributes

value

6.3.64

Float

PenstockTypeEnumeration

Type of hydro plant penstock.

6.3.65

PerCentPrimitive

Normally 0 - 100 on a defined base.
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Native Attributes

value Float Normally 0 - 100 on a defined base
units String

6.3.66 PhaseCodePrimitive

Collection of phase identifiers.

Native Attributes
value Strimg

6.3.67 PowerFactorPrimitive

Ratio ¢f ActivePower to ApparentPower.

Native [Attributes

value Float
units String
6.3.68 PowerROCPerMinPrimitiv &

Megawatt rate of change per minute.

Native [Attributes

value

units g

6.3.69

Megav

Native

value
units

6.3.70 PowerVersusFrequencyPrimitive

Per unit real power variation versus per unit frequency variation.

Native Attributes

value Float
units String
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6.3.71 PowerVersusVoltagePrimitive

Per unit real power variation versus per unit voltage variation.

Native Attributes

value Float
units String
6.3.72 PressurePrimitive

Pressure given in terms of pound-force per square inch.
Native Attributes

value Float
units String

6.3.73 PriorityPrimitive

Defines levels of priority as a numeric value with

Native [Attributes
value Integer

6.3.74 PUPrimitive

Per Unit - a positive o
—10 to|+10.

Native [Attributes
value

ed to a defined base. Values typically range from

6.3.75

Per unit voltage™

Native Qttributes

value Float
units String
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6.3.76 QuantityEnumeration

The quantities that can be used at the CurveSchedule axes.

Native Attributes

none
time
activePower
reactivePower
currency
voltage

6.3.77 RampMethodEnumeration

The deltaY versus deltaX units of measure.

Native [Attributes

yUnitsPerMinute
rampdompletioninMinutes

6.3.78 RampStartMethodEnumé

The method of applying the ramp.

Native |Attributes

zZero
fiftyPerCent
oneHundredPerCent

6.3.79

The d¢ltaY ve of measure.

Native |A

MWPgrMi
rampJomplet

6.3.80 RateOfChangePrimitive

Rate of change of dimensionless variable.

Native Attributes

value Float
units String
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6.3.81 RatioPrimitive

Ratio of two values with the same units.

Native Attributes
value Float

6.3.82 ReactancePrimitive

Reactance (imaginnry part of imlnnrlnnm:), in ochms _at rated frnnllmnpy

Native |Attributes

value Float
units String
6.3.83 ReactivePowerPrimitive

Produ¢t of RMS value of the voltage and the RMS
currenf (Megavoltamperes Reactive).

Native [Attributes

value Float
units String
6.3.84

Referdnce to ext€>

Native |Attributes
value

6.3.85 peEnumeration

Native Attribute

RTU
SubstdtionControlSystem
ContrdlCenter

Nre component

IED
6.3.86 ResistancePrimitive

Resistance (real part of impedance), in ohms.

Native Attributes

value Float
units String

of the
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6.3.87 SeasonNameEnumeration

Name of season.

Native Attributes

winter
spring
summer
fall

61970-301 © IEC:2009(E)

6.3.88 SecondsPrimitive

Time, |n seconds.

Native [Attributes

value
units

6.3.89 ShortPrimitive

Native [Attributes
value

6.3.91

proceg

Native
PROC

DEFAULTED

A type|with the value range —2**15..2 1. %
6.3.90 ShortLengthPrimitive
Short unit of length (e.g. foet; .

Time, in_sek

ad to the origin of a value. The value may be acquired frpm the

The value is provided by input from the
process |/O or being calculated frgm some

function.
The value contains a default value

SUBSTITUTED

6.3.92 SpillwayGateTypeEnumeration

Type of spillway gate.

6.3.93 StringPrimitive

The value is provided by input of an
operator or by an automatic source.

A type consisting of a sequence of 8 bit characters. The character encoding is UTF-8.
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6.3.94

SurgeTankCodeEnumeration

Type (or absence) of surge tank that is associated with the hydro power plant.

6.3.95

Imagin

SusceptancePrimitive

ary part of admittance.

Native Attributes

value
units

Float
String

6.3.96

Possib

Native

open
close

6.3.97

Native

generg
conde

6.3.98

Native

generg
conde
generg

6.3.99

Transf
the lov

SwitchStateEnumeration

le states for a switch.

Attributes

SynchronousMachineOp¢

Attributes

tor
hser

Synchron pe meration

Attributes

Vest'\tap position and progressing through the highest tap position.

Native Attributes

value

Integer

6.3.100 TemperaturePrimitive

Value

Native

value
units

of temperature in TemperatureUnits.
Attributes
Float
TemperatureUnits

Il1 n at


https://iecnorm.com/api/?name=c5fce4f449dda878a2784f8e1c8b0900

74— 61970-301 © IEC:2009(E)

6.3.101 TemperatureUnitsEnumeration
Units for temperature measurement {celsius, fahrenheit}.
Native Attributes

celsius
fahrenheit

6.3.102 TerminalCountPrimitive

Maximlum number of terminals for a conducting equipment.

Native |Attributes

value Integer Maximum nuR
conducting e

for

6.3.108 TerminalTypePrimitive

A designation of the function of a terminal on its asspciated ducting gquipment.

Native [Attributes
value

6.3.10¢ TimeStampP,

Date gnd time as "yyy
form apd any of the zo

conforms with 1ISO 8601 using the ex{ended

Native [Attributes
value

6.3.10p ontrolMode Enumeration

Contrdl mo \ ormer, i.e. Off, Local, Volt, MVAr.

Native |ttributes

off
local
volt
MW
mVAr

6.3.106 TransformerCoolingTypeEnumeration

Type of transformer cooling.

6.3.107 TransformerTypeEnumeration
Native Attributes

fix

voltageControl
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phaseControl
voltageAndPhaseControl

6.3.108 TurbineTypeEnumeration

Type of turbine.

Native Attributes

QUES|TIONABLE

<

francis

pelton

kaplan

6.3.10D ULongPrimitive

A type|with the value range 0..2**32 —1.

6.3.11p ULongLongPrimitive

A type|with the value range 0..2**64 —1.

6.3.11(1 ValidityEnumeration

Native Attributes

GOOD e\value is marked good if no 3

cendition of the acquisition functio

formation source is detected.
he value is marked questiona

bnormal
n or the

supervision function detects an

valid. The client is responsi
determining whether or not values
"questionable" should be used.
The value is marked invalid
supervision function recognises 3
conditions of the acquisition functig
information source (missing d
operating updating devices). The
not defined under this condition. T
invalid is used to indicate to the cl
the value may be incorrect and sha
used.

bnormal
behaviour, however the value could still be

ple if a

ble for
marked

lvhen a
bnormal
n or the
r non-
value is
he mark
ient that
Il not be
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6.3.112 WaterLevelPrimitive
Reservoir water level referred to a given datum such as mean sea level, in meters.

Native Attributes

value Float
units String

6.3.113 WindingConnectionEnumeration

D | Y ||Z for Delta | Wye | ZigZag winding connections.

Native |Attributes

D Delta
Y Wye
Z ZigZag

6.3.114 WindingTypeEnumeration
The winding type, i.e. Primary, Secondary, Terti
Native WAttributes

primary
seconglary

tertiary

quaterpary

6.3.11p Volri

Value fFepresentin

Native Attribut

value loat Value representing kV

units

6.3.11p VoltagePerReactivePowerPrimitive

Voltag

Native Attributes

value Float
units String

6.3.117 VolumePrimitive

Reservoir water volume, given in millions of cubic meters.

Native Attributes

value Float
units String
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6.3.118 YAxisTypeEnumeration
The type of dependent variable.

Native Attributes

singleYValue
twoYValues

6.4 LoadModel

This package is responsible for modeling the energy consumers and the system load as
curves and associated curve data. Special circumstances that may affect the load, such as
seasofis and daytypes, are also included here.

This information is used by Load Forecasting and Load Management.
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16\ \ E[ﬁipm t
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Figure 23 — Main
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Figure 23 shows all classes included in the LoadModel package as well as the key external

classes that have associations with LoadModel classes.

6.4.1 ArealLoadCurve

A curve relating power versus time showing the values of a specific load for each unit of the
period covered. The curve can be based on "absolute" time or on "normalized' time. An
instance of this curve could represent the absolute area load forecast. An other instance
could represent a normalized daily load curve for a particular day type.

Inherited Attributes

timeStep Setomds
endTime AbsoluteDateTime
startTime AbsoluteDateTime
value1|Unit String

valueZUnit String

mRID String

name String

localNpme String

pathName String

aliasName String

description String

Native| Roles
0..n |LoadArea

0..n [DayType

0..n |Season

Roles Inherited From
1 TimePoints

Roles

Roles

1..n )..1 ModelingAuthority
Set

6.4.2

The relatidnship hetween total area MW losses (Y-axis) and total area MW load (X-axis).

load curves.
oad model may be clas
the day type.
A system

classified as seasonal.

RegularintervalSchedule

IdentifiedObject

Curve
Curve
Curve
Curve

load model

or more
Sified by

may be

Inherited Attributes

curveStyle CurveStyle
xUnit String
y1Unit String
y2Unit String
mRID String
name String
localName String
pathName String
aliasName String
description String

IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
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Native Roles

0..n LoadArea 1 LoadArea A load area can have one or more
area loss curves.

Roles Inherited From Curve

1 CurveScheduleDatas 0..n CurveData Curve

Roles Inherited From ldentifiedObject
1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

Qct
6.4.3 CustomerLoad
A meter for measuring customer energy consumption. The typ
type of customer meter.
Inherited Attributes
conforminglLoadFlag Boolean
customerCount Counter nergyConsumer
pFexp Y EnergyConsumer
pfixed EnergyConsumer
pfixedPct EnergyConsumer
pnom EnergyConsumer
pnomRct EnergyConsumer
powerfFactor EnergyConsumer
pVexp EnergyConsumer
gFexp EnergyConsumer
gfixed EnergyConsumer
gfixedPct EnergyConsumer
gnom EnergyConsumer
gnomRct EnergyConsumer
gVexp EnergyConsumer
phase$ ConductingEquipment
mRID IdentifiedObject
name IdentifiedObject
localNp IdentifiedObject
pathNa IdentifiedObject
aliasNpme IdentifiedObject
description IdentifiedObject
Roles| Inherited From EnergyConsumer
1  LWoadDs andModels 0—nh—locadbse ahd srgyrConsdmer
1 NonConformLoadSchedules 0..n NonConformlLoadSchedule EnergyConsumer
0..n LoadArea 0..1 LoadArea EnergyConsumer
1..n  PowerCutZone 0..1 PowerCutZone EnergyConsumer
Roles Inherited From ConductingEquipment
1 Terminals 0..n Terminal ConductingEquipment
0..n  BaseVoltage 0.1 BaseVoltage ConductingEquipment
1 ClearanceTags 0..n ClearanceTag ConductingEquipment
0..n  ProtectionEquipments  0..n ProtectionEquipment ConductingEquipment
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0..n  MemberOf_Equipment 0..1 EquipmentContainer Equipment

Container

Roles Inherited From PowerSystemResource

0..n  OperatedBy_Companies 0..n  Company PowerSystemResource
0..n  PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements  0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource

Roles |nherited From ldentifiedObject

1..n  |ModelingAuthoritySet  0..1 ModelingAuthority

Identifie

Set

6.4.4 DayType

Group|of similar days, e.g. Mon/Tue/Wed, Thu/Fri, S

Inherited Attributes

mRID String
name String
localNpme String
pathName String
aliasNpme [
description

Native| Roles

oliday?2

IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject

adCurve A load model may be clasgified by

0..1 AreaLoa@

0..1 LoadDemand{

the day type.

&adDemandModel Load demand models |can be

Roles [nherite

1..n  |Mode € 0..1 ModelingAuthority IdentifiedObject

based on day type.

Set

6.4.5 EquivalenhtLoad

A gen I;L: cquivah::llt fUI darll cllclyy CUTISUITITT Ul d tlallalllibb;ull Ul d;atlibut;un vu:tayc :.,VG| It
may be under load management and also has cold load pick up characteristics.

Native Attributes

feederLoadMgtFactor PerCent
mVArColdPickUpFactor PerCent
mW ColdPickUpFactor PerCent

phaseAmpRating CurrentFlow
loadAllocationFactor Float

The feeder's contribution to load
management, in percent.

The amount of nominal feeder MVAr that is
picked up cold, in percent.

The amount of nominal feeder MW that is
picked up cold, in percent.

The rated individual phase amperes.
Permit assignment of Iloads on a
participation factor basis. Given three
equivalent loads with factors of 10, 25 and
15, a feeder load of 100 A could be
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allocated on the feeder as 20 A, 50 A and

30 A.
Inherited Attributes
conformingLoadFlag Boolean EnergyConsumer
customerCount Counter EnergyConsumer
pFexp Exponent EnergyConsumer
pfixed ActivePower EnergyConsumer
pfixedPct PerCent EnergyConsumer
pnom ActivePower EnergyConsumer
pnomPct PerCent EnergyConsumer
powerFactor PowerFactor EnergyConsumer
pVexp Expomernt
gFexp Exponent
gfixed ReactivePower
gfixedPct PerCent
gnom ReactivePower
gnomRct PerCent
gVexp Exponent
phase$ PhaseCode
mRID String
name String
localNpme String
pathName String dentifiedObject
aliasNpme String IdentifiedObject
description Strin IdentifiedObject
Roles| Inherited From EnergyConsumer

1 LoadDemandModels Model EnergyConsymer
1 NonConformLoadSchedules | oadSchedule EnergyConsymer
0..n |LoadArea EnergyConsuymer
1..n  |PowerCutZone EnergyConsuymer
Roles nherited@
1 Terminals ConductingEquipment
0..n |BaseVoltage BaseVoltage ConductingEquipment
1 Clearapce Rag ClearanceTag ConductingEquipment
0..n |Protectionkq ProtectionEquipment ConductingEquipment
Roles |[nheriten
0..n |[MemberOf Equipment 0..1 EquipmentContainer Equipment

Caontainer
Roles Inherited From PowerSystemResource
0..n  OperatedBy_Companies 0..n  Company PowerSystemResource
0..n  PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements  0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource
Roles Inherited From |dentifiedObject
1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

Set
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6.4.6 InductionMotorLoad

Large three phase induction motor load. The typeName attribute indicates the type of
induction motor (1 = wound rotor) (2 = squirrel cage).

Inherited Attributes
conformingLoadFlag Boolean EnergyConsumer
customerCount Counter EnergyConsumer
pFexp Exponent EnergyConsumer
pfixed ActivePower EnergyConsumer
pfixedPct PerCent EnergyConsumer
pnom ActivePower cravConst
pnomRct PerCent
powerfactor PowerFactor
pVexp Exponent
gFexp Exponent
gfixed ReactivePower
gfixedPct PerCent
gqnom ReactivePower
gnomRct PerCent
gVexp Exponent EnergyConsumer
phase$ PhaseCode onductingEquipment
mRID String dentifiedObject
name String IdentifiedObject
localNpme Strin IdentifiedObject
pathName String IdentifiedObject
aliasNpme String IdentifiedObject
description String IdentifiedObject
Roles| Inherited From Energ
1 LoadDemandMode andModel EnergyConsumer
1 NonConformLo onConformLoadSchedule EnergyConsumer
0..n |LoadArea LoadArea EnergyConsymer
1..n  |PowerCy, e PowerCutZone EnergyConsymer
ment

..n Terminal ConductingEquipment

2 BaseVoltage ConductingEquipment

..n ClearanceTag ConductingEquipment

..n ProtectionEquipment ConductingEquipment
Roles [nherited From Equipment
0..n  MemberOf_Equipment 0..1 EquipmentContainer Equipment

Container

Roles Inherited From PowerSystemResource
0..n  OperatedBy Companies  0..n Company PowerSystemResource
0..n  PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements 0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource
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Roles Inherited From ldentifiedObject
1..n  ModelingAuthoritySet  0..1 ModelingAuthority

Set

6.4.7 LoadArea

Group of loads (i.e. energy consumers).

IdentifiedObject

Inherited Attributes

mRID String
name String
localNpme String
pathName String
aliasNpme String
description String

Native| Roles
0..1 |EnergyConsumers 0..n EnergyConsumer

1 ArealossCurves 0..n ArealossCurfe

1 ArealoadCurves 0..n

Roles Inherited From PowerSystemResource

ed to a

or more

or more

0..n |OperatedBy_Companies O.. PowerSystemResource

0..n |PSRType PowerSystemResource

1 Contains_Measur: PowerSystemResource

1 OutageSchedule PowerSystemResource

Roles

1..n elihgAuthority IdentifiedObject

6.4.8

A cury g -axis) showing the values of MW (Y1-axis) and MVAr (YR-axis)
for ea Athe dy covered. This curve represents a typical pattern of load oyer the
time p type and season.

Inherited Attributes

timeS p Seconds Dngnlarlnfnr\/qur hedule
endTime AbsoluteDateTime RegularintervalSchedule
startTime AbsoluteDateTime BasiclntervalSchedule
value1Unit String BasiclntervalSchedule
value2Unit String BasiclntervalSchedule
mRID String IdentifiedObject

name String IdentifiedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasName String IdentifiedObject
description String IdentifiedObject
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Native Roles

0..n  EnergyConsumer 1 EnergyConsumer
0..n  BasisFor 0..1 Season
0..n  DayType 0..1 DayType

Roles Inherited From RegularintervalSchedule

61970-301 © IEC:2009(E)

An energy consumer may have one
or more load demand models.

Load demand models can be based
on seasons.

Load demand models can be based
on day type.

1 TimePoints 1..% RegularTimePoint RegularintervalSchedule
Roles [nherited From BasiclntervalSchedule
Roles [nherited From |dentifiedObject
1..n |ModelingAuthoritySet  0..1 ModelingAuthority

Set
6.4.9 LoadModelVersion
Native WAttributes
version
date
6.4.10 NonConformL
A MW (Y1-axis) and_ MMAr heduleMcurves) versus time (X-axis) fo[ non-
conforming loads, e.g. er station service (where modeled).
Inherited Attribt@
timeStep RegularintervalS¢hedule
endTime yteDateTime RegularintervalS¢hedule
startTime AbsofuteDateTime BasiclntervalSchgdule
vaIue;IUnit String BasiclntervaISch}dule
valuegUnit tring BasiclntervalSchg¢dule
mRID String IdentifiedObject
name String IdentifiedObject
localNBme String IdentifiedObject
pathName String IdentifiedObject
aliasNpme String IdentifiedObject
description String IdentifiedObject
Native Roles
0..n  EnergyConsumer 1 EnergyConsumer An energy consumer may have a

Roles Inherited From RegularintervalSchedule
1 TimePoints 1..% RegularTimePoint

Roles Inherited From BasiclntervalSchedule

Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority

Set

non-conforming load schedule.

RegularintervalSchedule

IdentifiedObject
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6.4.11 PowerCutZone

An area or zone of the power system which is used for load shedding purposes.

Native Attributes

cutLevel1 PerCent First level (amount) of load to cut as a
percentage of total zone load.

cutLevel2 PerCent Second level (amount) of load to cut as a
percentage of total zone load.

Inherited Attributes

mRID String IdentifiedObject

name String

localNpme String

pathName String

aliasNpme String

description String

Native| Roles
0..1 |EnergyConsumers 1..n EnergyConsumer

Roles [nherited From PowerSystemResource

0..n |OperatedBy_Companies 0..n
0..n |PSRType 0.,
1 Contains_Measurements
1 OutageSchedule

verSystemResoufce
owerSystemResoufce
PowerSystemResoufce
PowerSystemResoufce

Roles |Inherited From Ide
1..n  |ModelingAuthorityS .. i IdentifiedObject
~—_"

6.4.12

A spegified ti ’g. Spring, Summer, Fall, Winter.

Native At

name SeasonName Name of the Season

endDate
startDate

AbsoluteDateTime Date season ends
AbsoluteDateTime Date season starts

NativelReles

0..1  ArealLoadCurves 0..n  ArealoadCurve A system load model may be
classified as seasonal.

0..1 LoadDemandModels 0..n LoadDemandModel Load demand models can be
based on seasons.
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6.4.13 StationSupply

Station supply.

Inherited Attributes
conformingLoadFlag Boolean EnergyConsumer
customerCount Counter EnergyConsumer
pFexp Exponent EnergyConsumer
pfixed ActivePower EnergyConsumer
pfixedPct PerCent EnergyConsumer
pnom ActivePower EnergyConsumer
pnomHAct PerCent Energyconsumer
powerfFactor PowerFactor grgyConsumer|
pVexp Exponent v
gFexp Exponent
gfixed ReactivePower
gfixedPct PerCent
gnom ReactivePower
gnomRct PerCent
gVexp Exponent
phase$ PhaseCode onductingEquipment
mRID String IdentifiedObject
name String [dentifiedObject
localNpme String IdentifiedObject
pathName Strin IdentifiedObject
aliasNpme String IdentifiedObject
description String IdentifiedObject
Roles| ] o
1 LoadDemandMode .. LoadDemandModel EnergyConsumer
1 NonConformLoadSch NonCpfformLoadSchedule EnergyConsymer
0..n |LoadArea rea EnergyConsymer
1..n PowerCuténe RPowerCutZone EnergyConsymer
Roles pment
1 Terminal ConductingEquipment
0..n BaseVoltage ConductingEquipment
1 ClearanceTag ConductingEquipment
0..n ProtectionEquipment ConductingEquipment
Roles |nherited From Equipment
0..n ~ quipment

Container
Roles Inherited From PowerSystemResource
0..n  OperatedBy _Companies  0..n Company PowerSystemResource
0..n  PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements  0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource

Roles Inherited From IdentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set
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6.5 Meas

Contains entities that describe dynamic measurement data exchanged between applications.

PowerSwstemResaurce - IdentifiedObject
ifrom Core) from Core])

Measurement LimitSet Limit Contral

75 i) A

Analog AnalogLimitSet Ana|m Q detroint
ANEEAN
Accumulatar AccumulatorLimitSet AccOequ tur}s'{nit

Megsurementvalue %
Analogvalue

ure 24 — InheritanceStructure

Accumulatoryslue
AN
|
IEC 488/09
F

Figure[24 shu o asu nt classes inherit basic classes.
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PowerSystemResource Termminal e siersion
TapChanger (from Core) +Tetminal | (rem Core) &wersion = Meas_v003_02
(from Wre=) ; 0.1 on pdate = 2006-10-06
Terminals
O.n *
+TapChangers +HlemberOf_PSR
. +Conductin aiEguipment
+Contains_Measuremgnts +heasuremehts 1
+Measurement [ n 0.n ConductingEquipment
= (from Core)
M 0.7 Measurement M " A
- . +deasurerments +Hdeasurermer
it aunit T 0.1
(fram Care) 0.n
1 on \W@CDMEQS
" ; Quality61850
+ .
Lim jperet eaa{remens 0..n | RegulatingCondEg
(from Wfires)

gisPercentage

Limits : Boolean

/

+MeasuTntType
1

+MemberOf_Measurement

Analog

gmavalue : Float 1

MeasurementType

AnalogWalue

gminvalue : Float
gharmalvalue : Float
gpositiveFlowln : Boolean

0.n

+LimitSets

0.n
AnaloglimitSet

1

+LimitSet

1.

galue FI}BL

+Cantain_Measurementyalue

+Measurements

D..(‘Anap)gumit

A

+MemberQf_Measureme,

Accurmulator

! AN

O\fah)e\: Flbat \_/
X

i)
Ay
Meas}‘gmwalue |

=

¥

1 NHWleasufementValueQuality

1 +Hleast

rementyalue

feasurementvalue

>>1imeStamp : AbsoluteDat
@sensorAccuracy . PerCgnt

eTime

Mm\@to Namg

gmaxvalue Positiveln\teger

\
\Qisc}gte
avalle : INteger
alue : Integer
gymatdalue Mteger

1.* \@talue\.{os\{{ynteger
\n_Measyrem nl\f\a\lué

\ﬁcy/mulatorumit

gvalue : Positivelnteger

StringMeasurement'alu

=]

StrinMeaS{M\
.

herd

N\easurement
1

..n | gvalue : String

+Contains_MeasurementValues

Discretevalue

\ W.n

0.1

1.

gralue : Integer

+Cantain_Measurementyalues

+Measurements

+¥aluehliasSet
+¥alueAliasSet

+¥alues ST

0.n

+Measu
1

+Measupmentyalues

EmentvalueSource

Measuremential ueSou

ce

eritredteretet

gvalue :Integ...

1.n

Figure 25 — Mesurement

IEC 489/09

Figure 25 shows classes central to the Measurement package and connections to some
external classes.
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ControType

+ControType L

+Cantrals 0.n
+ .
heasurements +Unit o +Unit +Cnnt|5|3|?] Contral
Measurement | 01 1 rom Core) ! | etimeStamp : AbsoluteDateT ..
soperationinProgress : Boole...
Analog
+MeasuredBy_Measurement
gmaxvalue : Float f- 0.1
gminvalue : Float 01
gnormalvalue : Float - +ControlledBy_Contrnol
gnositiveFlowln : Boolez..
Discrete
+hlea sured By _Measurement ortral e
emafvalue : Integer walue  Integer
gminKalue : Integer 01 N normalvalue ; Integer
ghorfnalalue : Integer| -

N | +Measurements G 0.n
+w'aluedigsSet
+Caontrols
0.1

('\ +WalueAliasSet -
\) YaluesliasSet

0.1

+WalueAliasSet 1

+Yalues 1.n

YalueTohlias
gmalue : Inte...

IEC 49009

Figure 26 — Control

Figure included in the Meas package
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GQuality 61550

gralidity © Validity = GOOD
GovetFlowe - Boolean

goutOfHange © Boolean
ghadReference : Boolean
goscillatory : Boolean

Sfailure : Boolean

oldData ; Boolean

gsuspect : Boalean

Gtest : Boolean = FALSE
goperatorBlocked : Boolean = FALSE

61970-301 © IEC:2009(E)

<<Enumerationz»=
“alidity
ffram Doamain)
000D
SELESTIOMAELE
SIMWALID

<<Enumerationz:
Source
ffrom Domaind

Figure
packa

o) [l ol ¥
s JUTLE o dOTLE = T UL

gestimatarReplaced : Boolean = FAL .

Measurement'/al
uelluality

TPRCCESS
SOEFALLTED
SSUBESTITUT

491799

3gs can be used also in
ed Quality class is add¢d and

inherited into MeasurementValueQuali

6.5.1 Accumulator,

Accumulator represen Measurement, e.g. an energy value.

Native Qttributes Q

maxV3alue Normal value range maximum fo
the MeasurementValue.values. U
scaling, e.g. in bar graphs
telemetered raw values.

Inherited Attriv

mRID String IdentifiedObject

name String IdentifiedObject

localNpme String IdentifiedObject

pathName String IdentifiedObject

aliasNpmé String IdentifiedObject

Native Roles

1 Contain_Measurement 1..* AccumulatorValue

Values
0..* LimitSets 0..* AccumulatorLimit
Set

Roles Inherited From Measurement

0..n MeasurementType 1 MeasurementType Measurement

0..n  Terminal 0..1 Terminal Measurement

0..n  MemberOf PSR 1 PowerSystemResource  Measurement

0..n  Unit 1 Unit Measurement

0..1  RegulatingCondEqs 0..n RegulatingCondEqg Measurement

0..1 TapChangers 0..n  TapChanger Measurement

other

any of
sed for
or of
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Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.5.2 AccumulatorLimit

Limit values for Accumulator measurements.

Native Attributes

value anitivplntpgpr The value to supervise ngainqt
Inherited Attributes
mRID String
name String
localNBme String
pathName String
aliasNpme String
description String
Native| Roles
1.% LimitSet 1 Accumulatorlimi
Set
Roles Inherited From Limit G

Roles |Inherited From ldentifiedObject
1..n  |ModelingAuthoritySet  0..1 odelin ori IdentifiedObject

N

6.5.3 Accumula
An AccumulatoS imits that are associated with an Accumulator
measuyrement.

Inherited Attribut

isPercpe oolean LimitSet

mRID String IdentifiedObject
name String IdentifiedObject
localNpme String IdentifiedObject
pathName String IdentifiedObject
aliasNpme String IdentifiedObject
description String IdentifiedObject
Native Ror1es

1 Limits 1..% AccumulatorLimit

0.~ Measurements 0..* Accumulator

Roles Inherited From LimitSet

Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set
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6.5.4 AccumulatorValue

AccumulatorValue represents an accumulated (counted) MeasurementValue.

Native Attributes

value Positivelnteger

Inherited Attributes

timeStamp AbsoluteDateTime MeasurementValue
sensorAccuracy PerCent MeasurementValue

Native Roles
1.7 MermberOr_NMeasurerment 1 AcCcumuiator

Roles [Inherited From MeasurementValue

1 MeasurementValueQuality 1 MeasurementValueQuali
0..n |MeasurementValueSource 1 MeasurementValueSoufce
1 RemoteSource 0..1 RemoteSource

6.5.5 Analog

Analog represents an analog Measurement.

Native |Attributes

alue
alue
alue

maxV3alue Float Norma e range maximum fof any of
8. MeasurementValue.values. Used for
g, e.g. in bar graphs| or of
ethetered raw values.
minValue rmal value range minimum for any of the
MeasurementValue.values. Usqd for
scaling, e.g. in bar graphs| or of
telemetered raw values.
normalValue Q Normal measurement value, e.g. psed for
percentage calculations.
positiveFlowln If true then this measurement is| a MW,
MVAR or AMPS with the conventign that a
positive value measured at the Terminal
means power is flowing into the| related
PowerSystemResource.
Inherited #
mRID IdentifiedObject
name String IdentifiedObject
localNpme String IdentifiedObject
pathNawe Stirg———————————_ldaniifiedObjest
aliasName String IdentifiedObject
description String IdentifiedObject
Native Roles
0..n  LimitSets 0..n  AnalogLimitSet A measurement may have zero or
more limit ranges defined for it.
1 Contain_Measurement 1..* AnalogValue
Values
0..1  ControlledBy_Control  0..1 SetPoint The Control variable associated

with the Measurement.

Roles Inherited From Measurement

0..n  MeasurementType 1 MeasurementType Measurement
0..n  Terminal 0..1 Terminal Measurement
0..n  MemberOf PSR 1 PowerSystemResource  Measurement
0..n  Unit 1 Unit Measurement
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0..1  RegulatingCondEqs 0..n RegulatingCondEq Measurement
0..1 TapChangers 0..n  TapChanger Measurement
Roles Inherited From ldentifiedObject
1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

Set
6.5.6 AnalogLimit
Limit alues for Analog measurements.
Native WAttributes
value Float The value tg
Inherited Attributes
mRID String
name String
localNpme String
pathName String IdentifiedObject
aliasName String IdentifiedObject
description String IdentifiedObject
Native| Roles
0..n |LimitSet 1 loghimitSe
Roles [Inherited From Limit
Roles %
1..n lingAuythority IdentifiedObject
6.5.7
An An imits that are associated with an Analog measurement.
Inherit
isPerce Boolean LimitSet
mRID String IdentifiedObject
name String IdentifiedObject
localNpme String IdentifiedObject
pathName String IdentifiedObject
aliasName String IdentifiedObject
description String IdentifiedObject
Native Roles
0..n  Measurements 0..n Analog A measurement may have zero or

more limit ranges defined for it.

1 Limits 0..n  AnalogLimit The Limits used for supervision.

Roles Inherited From LimitSet

The name of each Limit shall reflect
their ordering, e.g. HighAlarm,
HighWarning, LowWarning,
LowAlarm, etc.
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Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.5.8 AnalogValue

AnalogValue represents an analog MeasurementValue.

Native Attributes

value Float

Inherited Attributes

timeStamp AbsoluteDateTime

sensofAccuracy PerCent

Native| Roles

1..*  |MemberOf_Measurem 1 Analog

ent

Roles |Inherited From MeasurementValue (\

1 MeasurementValueQuality 1 Measute e@alue ality™ MeasurementValue

0..n |MeasurementValueSource 1 Me&ur&r?énrﬂ/ ueSource Measurement\alue

1 RemoteSource RémoteSource Measurement\alue

6.5.9 Command

A Com control.

Native

value The value representing the actuatof output.

norma Normal value for Control.value, elg. used

for percentage scaling.

Inherit

timeSt bsoluteDateTime Control

operat Boolean Control

mRID String IdentifiedObject

name String IdentifiedObject

localN String IdentifiedObject

pathN String IdentifiedObject

aliasNpme String IdentifiedObject

descrip# } i j

Native Roles

0..n  ValueAliasSet 0.1 ValueAliasSet The ValueAliasSet used for
translation of a Control value to
a name.

0..1  MeasuredBy Measurement  0..1 Discrete

Roles Inherited From Control

1..n  ControlledBy_RegulatingCondEq 0..1 RegulatingCondEq Control
0..n  Unit 1 Unit Control
0..n  ControlType 1 ControlType Control
1 RemoteControl 0..1 RemoteControl Control
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Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.5.10 Control

Control is used for supervisory/device control. It represents control outputs that are used to
change the state in a process, e.g. close or open breaker, a set point value or a raise lower
command.

Native [Attributes

timeStamp AbsoluteDateTime The last time a cg sent.
operatjonInProgress Boolean Indicates that a\&lient s surre sending
control co e not

completed

Inherited Attributes

mRID String

name String

localNpme String

pathName String éntifiedObject
aliasNpme String IdentifiedObject
description Strin IdentifiedObject

Native| Roles

1..n | ControlledBy_RegulatingCondE edulatingCondEq

0..n | Unit i

0..n | ControlType The type of Cqgntrol
1 RemoteControl . oteControl

Roles |Inherited From lgentifi

ae

1..n | ModelingAutho odelingAuthority IdentifiedObject

et
6.5.11
Specifjes .the\ type el e.g. BreakerOn/Off, GeneratorVoltageSetPoint, TieLingFlow,
etc. Th .- :namg shall be unique among all specified types and describe th¢ type.
The Copnt is meant to be used for localization.
Inherited Attribute
mRID String IdentifiedObject
name String [dentiflfedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasName String IdentifiedObject
description String IdentifiedObject

Native Roles

1 Controls 0..n Control The Controls having the
ControlType.

Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set
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Discrete represents a discrete Measurement, i.e. a Measurement representing discrete

values, e.g. a Breaker position.

Native Attributes

maxValue Integer Normal value range maximum for any of
the MeasurementValue.values. Used for
scaling, e.g. in bar graphs or of
telemetered raw values.

minValue Integer Normal value range minimum for any of the
MeasurementvVatue . vaiues. Usgd for
scaling, e.g. in graphs)| or of
telemetered raw vz

normalValue Integer Normal measure sed for
percentage cals

Inherited Attributes

mRID String

name String

localNpme String

pathName String entifiedObject

aliasName String dentifiedObject

description IdentifiedObject

Native| Roles

1 Contain_Measurement
Values
0..n | ValueAliasSet

String

The ValueAliasSet used for
translation of a

MeasurementValue.value tq a
name.

0..1 |ControlledBy _(Q

Roles Inherited {

0..n Measuremen asurementType Measurement

0..n Terminal erminal Measurement

0..n PowerSystemResource Measurement

0..n Unit Measurement

0..1 RegulatingCondEqg Measurement

0..1 TapChanger Measurement

Roles

1..n ModelingAuthority IdentifiedObject
Set

6.5.13 DiscreteValue

DiscreteValue represents a discrete MeasurementValue.

Native Attributes
value

Inherited Attributes
timeStamp
sensorAccuracy
Native Roles

1..% MemberOf Measurem
ent

Integer

AbsoluteDateTime
PerCent

1 Discrete

MeasurementValue
MeasurementValue


https://iecnorm.com/api/?name=c5fce4f449dda878a2784f8e1c8b0900

61970-301 © IEC:2009(E) - 97 -

Roles Inherited From MeasurementValue

1 MeasurementValueQuality 1 MeasurementValueQuality MeasurementValue
0..n  MeasurementValueSource 1 MeasurementValueSource MeasurementValue
1 RemoteSource 0..1 RemoteSource MeasurementValue

6.5.14 Limit

Specifies one limit value for a Measurement. A Measurement typically has several limits that
are kept together by the LimitSet class. The actual meaning and use of a Limit instance (i.e. if
it is an alarm or warning limit or if it is a high or low limit) is not captured in the Limit class.
Howeyerthe name of a Limitnstance may mdicate both meaning and USE.

Inherited Attributes

mRID String
name String
localNBme String
pathName String
aliasNpme String
description String

Roles| Inherited From ldentifiedObject

1..n  |ModelingAuthoritySet 0.1  ModelingAuth

6.5.15 LimitSet

Specifles a set of Limits that are [ y have
severgl LimitSets corr \ | or ofher changing conditions. The condition is
capturgd in the name fand_descri it - everal
Measurements. Ipyparti i

Native |Attributes

isPercentagelLimj Tells if the limit values are in percgntage of
normalValue or the specified Unit for

Measurements and Controls.

Inherite

mRID String IdentifiedObject
name String IdentifiedObject
localNpme String IdentifiedObject
pathName String IdentifiedObject
aliasNpme String IdentifiedObject
description String IdentifiedObject

Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.5.16 Measurement

A Measurement represents any measured, calculated or non-measured non-calculated
quantity. Any piece of equipment may contain Measurements, e.g. a substation may have
temperature measurements and door open indications, a transformer may have oil
temperature and tank pressure measurements, a bay may contain a number of power flow
measurements and a Breaker may contain a switch status measurement.
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The PSR - Measurement association is intended to capture this use of Measurement and is
included in the naming hierarchy based on EquipmentContainer. The naming hierarchy
typically has Measurements as leafs, e.g. Substation-VoltageLevel-Bay-Switch-Measurement.

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.

b) Measurement-Terminal-ConductingEquipment

Alternative 2 is the only allowed use.

When [the sensor location is needed both Measurement-P&
used. The Measurement-Terminal association is never

Inherited Attributes

mRID String
name Strin
localNpme String
pathName String
aliasNpme String
description

Native Roles
0..n |MeasurementT

Termina/Q

MemberQOf

0..n

PowerSystemResource

Unit

0..1 |Regulatiq ..n RegulatingCondEq

vent-Terminal are

IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject

The type for the
Measurement.
One or more measyrements
may be associated| with a
terminal in the network.
The PowerSystemRegource
that contains the
Measurement in the naming
hierarchy.
The Unit for the
Measurement.

A type of conducting
equipment that may be used
to regulate a network
measurement, typically

0..1 TapChangers 0..n TapChanger

Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority

voltage.

An LTC may regulate a
specific measurement from
the network, typically voltage.
A phase shifter would
typically be used to regulate a

real power (MW) flow
measurement. An LTC with
significant phase shift

characteristics could be used
to regulate MW flow instead
of voltage.

IdentifiedObject
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6.5.17

Specifies

MeasurementType

the type of

7]

Measurement,

— 99 —

e.g. IndoorTemperature, OutDoorTempe

rature,

BusVoltage, GeneratorVoltage, LineFlow, etc. The MeasurementType.name shall be unique
among all specified types and describe the type. The MeasurementType.aliasName is meant
to be used for localization.

Inherited Attributes

mRID String
name String
localNpme String
pathName String
aliasNpme String
description String
Native| Roles

1 Measurements 0..n Measurement
Roles Inherited From ldentifiedObject
1..n  |ModelingAuthoritySet  0..1
6.5.18 MeasurementValue

specifi
a diffe

Native

timeSt
senso

Native|

c source. Meas
rent source for t

Attributes

amp
Accuracy

alueQuality 1

fed with

from a
enting

The time when the value was last

The limit, expressed as a perce
the sensor maximum, that errors
exceed when the sensor is use
reference conditions.

MeasurementValueQuality

pdated.
tage of
will not
4 under

A MeasurementValue

has a
Measurement\Yalue
ﬁnalify associated
with it.

0..n  MeasurementValueSource 1 MeasurementValueSource A reference to the
type of source that
updates the
MeasurementValue,
e.g. SCADA, CCLink,
manual, etc. User
conventions for the
names of sources are
contained in the
introduction to
IEC 61970-301.

1 RemoteSource 0.1 RemoteSource Links to the physical

telemetered
associated with

point
this
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measurement.

6.5.19 MeasurementValueQuality

Measurement quality flags. Bits 0-10 are defined for substation automation in IEC 61850-7-3.
Bits 11-15 are reserved for future expansion by that document. Bits 16-31 are reserved for
EMS applications.

Inherited Attributes

validity Validity Qual|tv61850
overFlpw Boolean

outOfRange Boolean

badReference Boolean

oscillatory Boolean

failure Boolean

oldData Boolean

suspe¢t Boolean

test Boolean

operatprBlocked Boolean

Source Source 3 allty61 850
estimgtorReplaced Boolean Quality61850
mRID String IdentifiedObject
name Strin IdentifiedObject
localNpme String IdentifiedObject
pathName String IdentifiedObject
aliasNpme String IdentifiedObject
description IdentifiedObject

Native| Roles
MeasurementValue

MeasurementValue A MeasurementValue has
~ MeasurementValueQuality
associated with it.

ModelingAuthority IdentifiedObject
Set

6.5.20

MeasyrementValueSource describes the alternative sources updating a MeasurementValue.
User aonventions for how to use the MeasurementValueSource attributes are described in the

alueSource

introd C61970-301

Inherited Attributes

mRID String IdentifiedObject
name String IdentifiedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasName String IdentifiedObject

description String IdentifiedObject
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Native Roles

1

MeasurementValues 0..n MeasurementValue The MeasurementValues
by the source

updated

Roles Inherited From |dentifiedObject
1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.5.21 MeasVersion

Native Attributes

version

date

6.5.22 Quality61850

Quality flags in this class are as defined in IEC 61850 .| which

has bgen included in this class for convenience.

Native Attributes

validity Validi be good, questiorfable or

er to the Validity enueration
moredetails.

overFlpw Booleg asurement value is beyond the
capability of being represented properly.
For example, a counter value overflows
rom maximum count back to a palue of
zero.

outOfRange Measurement value is beyond a predefined

Q range of value.

badRefference Measurement value may be incorfect due
to a reference being out of calibration.

oscillafory To prevent some overload |[of the
communication it is sensible to detect and
suppress oscillating (fast changing) binary
inputs. If a signal changes in a|defined
time (tosc) twice in the same (irection
(from 0 to 1 or from 1 to 0) then oscillation
is detected and the detail quality {dentifier
"oscillatory" is set. If it is detpcted a
configured numbers of transient fhanges
could be passed by In this time the validity
status "questionable" is set. If after this
defined numbers of changes, the signal is
still in the oscillating state, the value shall
be set either to the opposite state of the
previous stable value or to a defined
default value. In this case, the validity
status "questionable" is reset and "invalid"
is set as long as the signal is oscillating. If
it is configured such that no transient
changes should be passed by, then the
validity status "invalid" is set immediately
in addition to the detail quality identifier
"oscillatory" (used for status information
only).

failure Boolean This identifier indicates that a supervision
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function has detected an internal or
external failure, e.g. communication failure.

oldData Boolean Measurement value is old and possibly
invalid, as it has not been successfully
updated during a specified time interval.

suspect Boolean A correlation function has detected that the
value is not consistent with other values.
Typically set by a network State Estimator.

test Boolean Measurement value is transmitted for test
purposes.

operatorBlocked Boolean Measurement value is blocked and hence
unavailable for transmission.

sourcs Source Source gives informatioq_relaled to the
origin of a value value Inay be
acquired from thg defapulted or
substituted.

estimdtorReplaced Boolean Value has State
Estimator. not an
IEC618 h put in
this c

Inherited Attributes

mRID String

name String dentifiedObject

localNpme String IdentifiedObject

pathName Strin IdentifiedObject

aliasNpme String IdentifiedObject

description String IdentifiedObject

Roles| Inherited From ldentifiedObject ( :

1..n | ModelingAuthority8 0 odelingAuthority IdentifiedObject

é\)\/

6.5.23 Setl@

A SetH for supervisory control.

Native

value Float The value representing the actuatof output.

max\Ve Float Normal value range maximum for any of
the Control.value. Used for scaling, e.g. in
bar graphs.

minVa Float Normal value range minimum for any of the
Control.value. Used for scaling, e.g. in bar

normalValue Float

Inherited Attributes

timeStamp AbsoluteDateTime
operationInProgress Boolean

mRID String

name String

localName String

pathName String

aliasName String

description String

ulapho
Normal value for Control.value e.g. used
for percentage scaling.

Control

Control

IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
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Native Roles

0..1  MeasuredBy Measurement  0..1 Analog The Measurement variable
used for control

Roles Inherited From Control

1..n ControlledBy RegulatingCondEq 0..1 RegulatingCondEq Control
0..n  Unit 1 Unit Control
0..n  ControlType 1 ControlType Control
1 RemoteControl 0..1 RemoteControl Control

Roles |nherited From ldentifiedObject

1..n |ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedO
Set

6.5.24 StringMeasurement

StringlMeasurement represents a measurement with va

Inherited Attributes

mRID String IdentifiedObject
name Strin IdentifiedObject
localNBme String IdentifiedObject
pathName String IdentifiedObject
aliasNpme String IdentifiedObject
description i IdentifiedObject

Native| Roles

1 Contains_Meas StringMeasurementValue

Roles |Inherited E .

0..n |Measure asurementType Measurement
0..n Terminal Measurement
0..n |[MemberOf'R PowerSystemResource = Measurement
0..n Unit Unit Measurement
0..1 |RegulatingCx .. RequlatingCondEqg Measurement
0..1 TapChea S .. TapChanger Measurement
Roles [nherited F P[dentifiedObject

1..n | ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

Set

6.5.25 StringMeasurementValue

StringMeasurementValue represents a measurement value of type string.

Native Attributes

value String
Inherited Attributes
timeStamp AbsoluteDateTime MeasurementValue

sensorAccuracy PerCent MeasurementValue
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Native Roles
1..n  MemberOf Measurement 1 StringMeasurement

Roles Inherited From MeasurementValue

1 MeasurementValueQuality 1 MeasurementValueQuality = MeasurementValue
0..n  MeasurementValueSource 1 MeasurementValueSource MeasurementValue
1 RemoteSource 0..1 RemoteSource MeasurementValue

6.5.26 ValueAliasSet

Descripes the translation of a set of values into a name and is intendend acilitate cusom
translgtions. Each ValueAliasSet has a name, description, etc. A specifi( yrememnt may
represent a discrete state like Open, Closed, Intermediate, etc. This i slation
from the MeasurementValue.value number to a string, e.g. O [ n", 2-
>"Cloged", 3->"Intermediate". Each ValueToAlias member in ValyeA ibes a
mappipg for one particular value to a name.

Inherited Attributes

mRID String

name String entifiedObject
localNpme String dentifiedObject
pathName String IdentifiedObject
aliasNpme String IdentifiedObject
description IdentifiedObject

Native| Roles

1 Values The ValueToAlias mappings
included in the set.
The Controls using the |set for
translation.
The Measurements using |[the set

for translation.

0..1 Controls

0..1 Measurements
Roles |Inherited Fr:: 7
1..n | ModelingAudtho odelingAuthority IdentifiedObject

Set

6.5.27

Describes the\t on of one particular value into a name, e.g. 1->"Open".

Native |Attributes

value Integer The value that is mapped.
Inherited Attributes

mRID String IdentifiedObject
name String IdentifiedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasName String IdentifiedObject
description String IdentifiedObject

Native Roles

1..n  ValueAliasSet 1 ValueAliasSet The ValueAliasSet having the
ValueToAlias mappings
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Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

Set

6.6 Outage

An extension to the Core and Wires packages that models information on the current and
planned network configuration. These entities are optional within typical network applications.

- |dentifiedObject
(fram Care) <:

o
ChagranceTeos @

CutageSchedule +Outageschedule

0.1
+QutageSchedule

+Switcing O
D

SwitchingOper E\BU/

IrregularinteralSchedule
(fram Core) PowerSystemResdurce
A from C}ﬂ_)\
+P5R 1
0.1

itches | Switch

+®ducti fquipment 1

ConductingEquipment
(from Corne)

itc gOp;ﬁ\s)

g~
Ut Age \.EI

%dgie IZID m

S N

X

Figure 28 — Main

(from ifires])

IEC 492/09

FigurP 28 shows all classes included in the ﬂllfngp Innr‘kngp as well as the kpy external

classes that have associations with Outage classes.

6.6.1 ClearanceTag

A clearance tag that is used to authorize and schedule work on conducting equipment in the
field. Tagged equipment is not available for commercial service.

Native Attributes
authorityName Name

clearanceTagType ClearanceTagType

The name of the person who is
authorized to issue the tag.

The type of tag, depending on the
purpose of the work to be performed
and/or the type of supervisory control
allowed.
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groundReqgFlag
phaseCheckReqFlag
taglssueTime

workDescription
workEndTime

workStartTime
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Boolean
Boolean
Boolean
AbsoluteDateTime

Description
AbsoluteDateTime

AbsoluteDateTime
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Flag = YES if equipment must be
deenergized.

Flag = YES if equipment must be
grounded.

Flag = YES if equipment phasing must be
checked.

The time at which the clearance tag was
issued.

Description of the work to be performed.
The time at which the clearance tag is
scheduled to be removed.
WorkStartTime.

Inherited Attributes

mRID String

name String

localNpme String

pathName String

aliasNpme String

description String

Native| Roles

0..n |ConductingEquipment 1 equipment may

multiple clearance tags
uthorized field work.

Roles |nherited From ldentifiedObject

1..n  |ModelingAuthoritySet  0..1 tifiedObject

6.6.2 OutageSc

The pgriod of tim out of service, for example, for maintengnce or

testing; includin esents

absolyte time and fvice.

Inherit

startTi bsoluteDateTime BasiclntervalSchgdule

value;l String BasiclntervalSch}dule

value String BasiclntervalSchgdule

mRID String IdentifiedObject

name String IdentifiedObject

localN String IdentifiedObject

pathName String IdentifiedObject

aliasName ering Idnn’rifindﬂhjnr"r

description String IdentifiedObject

Native Roles

0..1  SwitchingOperations 0..n SwitchingOperation An  OutageSchedule may
operate many switches.

0..1 PSR 1 PowerSystemResource A power system resource
may have an outage
schedule.

Roles Inherited From IrregularintervalSchedule

1 TimePoints

1.7

IrreqularTimePoint

IrregularintervalSchedule
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Roles Inherited From BasiclntervalSchedule

Roles Inherited From ldentifiedObject
1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

Set
6.6.3 OutageVersion
Native Attributes
version
date
6.6.4 SwitchingOperation
A Swi{chingOperation is used to define individual switch opera edule.
This QutageSchedule may be associated with anothe tati as a
Transfprmer, Line, or Generator; or with the Switch itsetk as ™ a\o rce. A

SwitcH may be referenced by many OutageSchedules

Native [Attributes
operatjonTime Absoly

pération in same Units as
geSchedule.xAxixUnits.

Ou
newState SwitchSta

Inherited Attributes

mRID IdentifiedObject
name IdentifiedObject
localNpme IdentifiedObject
pathName IdentifiedObject
aliasNpme IdentifiedObject
description IdentifiedObject

Native| Roles

0..n |OutageS OutageSchedule An OutageSchedule may |operate

many switches.

0..n |Swit ..n Switch A switch may be operated py many
schedules.

Roles {nhexjtedNsko iedObject

1..n | Modeli 0..1 ModelingAuthority IdentifiedObject

Set

6.7 Topology

An extension to the Core Package that in association with the Terminal class models
Connectivity, that is the physical definition of how equipment is connected together. In
addition it models Topology, that is the logical definition of how equipment is connected via
closed switches. The Topology definition is independent of the other electrical characteristics.
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I

PowerSy stermResource
(from Core))

0

+CanductingEquipment

ConductingEquipment
ifrom Care)

1

0.n

+Terminals

Terminal
(from Cone)
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1

EquiprmentContainer
(from Core))
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Figure 29 — Main
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classes that have associations with Topology classes.

6.7.1

ConnectivityNode

ternal

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

Inherited Attributes

mRID
name
localName
pathName
aliasName
description

String
String
String
String
String
String

IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
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Native Roles
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0..n  TopologicalNode 0.1 TopologicalNode Several ConnectivityNode(s)
may combine together to form a
single TopologicalNode,
depending on the current state
of the network.

0..1 Terminals 0..n  Terminal Terminals interconnect with zero
impedance at a node.
Measurements on a node apply
to all of its terminals.

0..n [MemberOf_Equipment 1 EquipmentCormmtainer

Container
Roles |nherited From ldentifiedObject
1..n  |ModelingAuthoritySet  0..1 ModelingAuthority Identifi
Set

6.7.2 Topologicallsland

An elgctrically connected subset of the network. (Togolbgice nds” can change as the

current network state changes (i.e. disconnect s &ers, etc. change state).

Inherited Attributes

mRID String IdentifiedObject

name String IdentifiedObject

localNpme i IdentifiedObject

pathName IdentifiedObject
aliasNpme IdentifiedObject
description IdentifiedObject

Nativel Roles <( ;

1 TopologicalMgde ologicalNode A topological node belongs to a

topological island.

Roles

1..n 2 ModelingAuthority IdentifiedObject

Set

6.7.3

A set pficonnectivity nodes that, in the current network state, are connected together through

any type of closed switches, Including jumpers. Topological nodes can change as the current

network state changes (i.e. switches, breakers, etc. change state).

Native Attributes

energized
loadCarrying
netlnjectionMVar
netlnjectionMW
observabilityFlag

phaseAngle

voltage
Inherited Attributes

mRID
name

Boolean
Boolean

Reactiv

ActivePower
Boolean
AngleRadians

Voltage

String
String

True if

ePower

node energized

True if node is load carrying
Net injection MVAr
Net injection MW

The observability status of the node
Phase angle of node

Voltage of node

IdentifiedObject
IdentifiedObject
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localName
pathName
aliasName
description
Native Roles

0..1  ConnectivityNodes

1..n  Topologicallsland

String
String
String
String

0..n
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IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject

ConnectivityNode Several ConnectivityNode(s) may
combine together to form a single
TopologicalNode, depending on the
current state of the network.

Topologicallsland A topological node belongs to a
topological island.

Roles [nherited From |dentifiedObject

1..n  |ModelingAuthoritySet

6.7.4 TopologyVersion

Native |Attributes

version
date

6.8 Wires

An ex
charad

Figure

0..1

number of the Wires Package.

ModelingAuthority IdentifiedObj

Set

ctrical
etwork

IEC 494/09

Figure 30 — Main
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IdentifiedObject
(from Core)
mRID : String
@name : String
glocalMame : St
¢pathMame © Str.
galiasMame : 5t
gdescription : St

7

PowerSystermResource
¥ ] TapChanger

(from Core)

Measurament +HlemberOf_PSR

(from hdeaz)

0.n 1

- HeatExchanger
+Contains_Measurements ﬁ b\ o 0.n
A.T:\Inl"ln Rl

0.1
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Figure 31 — NamingHierarchyPart2

Figure 31 shows the lower part of the naming hierarchy. It shows how the Equipment class is
further specialized into many subtypes that are all contained by subclasses of the
EquipmentContainer. For the subclasses of equipment container refer to part 1 of the
diagram.
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Figure 32 — Transformer model

Figure 32 shows all classes related to the transformer model.
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InheritanceHierarchy
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Figure 33 describes inheritance between classes in and related to the Wires package.
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SeriesCompensator

ot - Resistance
¥ Reactance

SubGeographicalRegion

Figure| 34 shows a

ffrom Cone)
0.1
+Region
+Lines
Line 0.~

bttt
&t Resistance
@] - Resistance
&¥ - Reactance
¥ . Reactance

+Conductars | O..n

+ConductarType | 1

ACLineﬁﬁWt
f

|

N

T

it

\ bQLi}r%Segm

ConductorTy pe

<

¢sheathResistance : ishe .
¢sheathReactance /Reactar...

e Inductal..

N
wdcSegmentinductan
deSedmentResistante | Resists

[ (3

/\/%

+ConductarType
+Wi@@m%s< o(n

W{e)\‘&(ang e}r@nt

LS maunt) int< : fate...
grmountingRel s Infe
.

\

r nge%qt% O.n

9

WiraT ype

mpRating : CurrentFlow

: ShaortLength
gradius : ShortLength
resistance ; Resistance

& asWaturCnunt . Counter
¢phasgCorductorSpacing : Shaortlen.

Figure 34 — LineModel

asses related to the transmission line model.

IEC 498/09



https://iecnorm.com/api/?name=c5fce4f449dda878a2784f8e1c8b0900

61970-301 © IEC:2009(E)

Cantral
(from heas)

1.n

- 115 -

+Controls
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(from Core)
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Figure 35 shows all
compensation.

classes

Figure 35 — RegulatingEquipment

related to

equipment regulation and

reactive power
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IEC 500/09

Figure 36 — Voltage

Figure| 36 shows all classes related to
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Figure 37 — NamingHierarchyPart1

Figure 37 shows the upper part of the naming hierarchy. The hierarchy is a way to organize
and name equipment. Hence, it is tightly related to the IdentifiedObject and its attributes. The
equipment class is further specialized into many subtypes that are all contained by
subclasses of the EquipmentContainer.
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6.8.1 ACLineSegment

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.

Inherited Attributes

bOch Susceptance Conductor
bch Susceptance Conductor
gOch Conductance Conductor
gch Conductance Conductor
length LongLength Conductor
r Resistance Conductor
r0 Resistance

X Reactance

x0 Reactance

phase$ PhaseCode

mRID String

name String

localNpme String

pathName String

aliasNpme String

description String IdgntifiedObject

Roles| Inherited From Conductor
0..n |ConductorType 0..1

duetor

Roles

1 Terminals ConductingEquipment
0..n |BaseVoltage ConductingEquipment

1 ClearanceTags ConductingEquipment
0..n ConductingEquipment
Roles

0..n Equipment

Roles

0..n PowerSystemResource
0..n

Roles Inherited From |dentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.8.2 Breaker

A mechanical switching device capable of making, carrying, and breaking currents under
normal circuit conditions and also making, carrying for a specified time, and breaking currents
under specified abnormal circuit conditions, e.g. those of short circuit. The typeName is the
type of breaker, e.g. oil, air blast, vacuum, SF6.
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Native Attributes

ampRating CurrentFlow Fault interrupting rating in amperes

inTransitTime Seconds The transition time from open to close, in
seconds.

Inherited Attributes

normalOpen Boolean Switch

switchOnCount Counter Switch

switchOnDate AbsoluteDateTime Switch

phases PhaseCode ConductingEquipment

mRID String IdentifiedObject

name String IdentifiedObject

localNpme String eqUDbject

pathName String

aliasNpme String

description String

Roles| Inherited From ProtectedSwitch

0..n |OperatedBy_ProtectionEquipments ProtectionEqgin

0..n dSwitch
1 RecloseSequences 0..n RecloseSeq

HSwitch

Roles |Inherited From Switch

0..n |CompositeSwitch 0..
0..n | SwitchingOperations 0

Roles [nherited From CondyctingEquipknen

1 Terminals ConductingEquipment
0..n |BaseVoltage ConductingEquipment
1 ClearanceTags ConductingEquipment
0.. ConductingEquipment

>
Y
<
o
=~
)
Q
=
o
CS
=
)

Roles |Inherited
0..n |Membetr EqWy . EquipmentContainer Equipment

Roles |Inheritéd owerSystemResource

0..n |OperatedBy Companies  0..n Company PowerSystemResource
0..n |RSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements  0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource

Roles Inherited From |dentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.8.3 BusbarSection

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. The typeName attribute indicates the type of bus

bar section, e.g.: Main, Transfer.

Inherited Attributes

phases PhaseCode ConductingEquipment
mRID String IdentifiedObject

name String IdentifiedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasNgmre Strg

description String

Native| Roles
1 VoltageControlZone 0.1 VoltageControlZone

Roles |Inherited From Connector

Roles [nherited From ConductingEquipment

1 Terminals 0..n Terminal
0..n |BaseVoltage 0..1
1 ClearanceTags 0..n
0..n |ProtectionEquipments 0..n

Roles [Inherited From Equipment
0..n |MemberOf_Equiprien

Container
Roles nherited@ F
0..n |OperatedB pany
0..n |PSRType PSRType

1 Contaj .. Measurement
1 OutageSch .. OutageSchedule

Roles [nherited~Erom dentifiedObject

1..n  |ModefingAutikoritySet  0..1 ModelingAuthority
Set

PowerSystemResource
PowerSystemResource
PowerSystemResource
PowerSystemResource

IdentifiedObject

6.8.4 CompositeSwitch

A model of a set of individual Switches normally enclosed within the same cabinet and
possibly with interlocks that restrict the combination of switch positions. These are typically

found in medium voltage distribution networks.

A CompositeSwitch could represent a Ring-Main-Unit (RMU), or pad-mounted switchgear,
with primitive internal devices such as an internal bus-bar plus 3 or 4 internal switches each
of which may individually be open or closed. A CompositeSwitch and a set of contained
Switches can also be used to represent a multi-position switch, e.g. a switch that can connect

a circuit to Ground, Open or Busbar.

Native Attributes
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compositeSwitchType

Inherited Attributes

mRID
name
localName
pathName
aliasName
description

-121 -

CompositeSwitch ~ An alphanumeric code that can be used as

Type a reference to extar information such as
the description of the interlocking scheme
if any.

String IdentifiedObject

String IdentifiedObject

String IdentifiedObject

String IdentifiedObject

String IdentifiedObject

String IdentifiedObject

Native Roles
0.1 Switches

0..n  |MemberOf_Substation

Roles |nherited From EquipmentContainer

1 ConnectivityNodes

0..1 |Contains_Equipments

Roles [nherited From PowerSystemResource
0..n |OperatedBy_Companies

0..n |PSRType

1 Contains_Measurements

1 OutageSchedule

Roles [Inherited From lde
1..n  |ModelingAutho

6.8.5

Combi
electri

Native
bOch

0..n  Switch
0..1 Substation

0..n ConnectivityNode
0..n Equipment

ingAuthority IdentifiedObject

erial with consistent electrical characteristics, building a|single

urrent between points in the power system.

Susceptance Zero sequence shunt (charging)
susceptance, uniformly distributed, of the
entire line section.

bch Susceptance BPositive seguehcse shunt (n arging)
susceptance, uniformly distributed, of the
entire line section.

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

gch Conductance Positive  sequence shunt (charging)
conductance, uniformly distributed, of the
entire line section.

length LongLength Segment length for calculating line section
capabilities (long length units)

r Resistance Positive sequence series resistance of the
entire line section.

r0 Resistance Zero sequence series resistance of the
entire line section.

X Reactance Positive sequence series reactance of the
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entire line section.
x0 Reactance Zero sequence series reactance of the
entire line section.

Inherited Attributes

phases PhaseCode ConductingEquipment

mRID String IdentifiedObject

name String IdentifiedObject

localName String IdentifiedObject

pathName String IdentifiedObject

aliasName String IdentifiedObject

description String IdentifiedObject

Native| Roles

0..n | ConductorType 0..1 ConductorType r are
bnductor

Roles |nherited From ConductingEquipment

1 Terminals 0..n Terminal

0..n |BaseVoltage 0.1 BaseVoltage

1 ClearanceTags 0..n ClearanceTag

0..n [|ProtectionEquipments 0..n ProtectionEquipment

Roles |Inherited From Equipment

S
QS O

0..n |MemberOf_Equipment
Container

Roles |nherited From B

0..n |OperatedB
0..n PSRTyp<>
1 Contains_Mgas

1 OutageSched

6.8.6

Measurement
OutageSchedule PowerSystemResource

PowerSystemResource
PowerSystemResource
PowerSystemResource

ModelingAuthority

Set

IdentifiedObject

Wire dr<cable conductor (per IEEE specs). A specific type of wire or combination of wies not

. o P PR T T : ’ P — 1 1 : '
|n5u|a cu morm orne anotricer, suitduic 101 Caltyliry Cietuic CUlTeTIt. 1TUTTIdy DE Darce Ul Illbuldted.

Native Attributes
sheathResistance

sheathReactance

Inherited Attributes

mRID
name
localName
pathName
aliasName
description

Resistance

Reactance

String
String
String
String
String
String

Resistance of the sheath for cable

conductors.

Reactance of the sheath for cable

conductors.

IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
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Native Roles

0..1 Conductors 0..n Conductor Sections of conductor are
physically described by a conductor
type.

0..1 WireArrangements 0..n  WireArrangement A ConductorType is made up of

wires that can be configured
several ways.
Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.8.7 Connector

other
ogical

A condgluctor, or group of conductors, with negligible impedance, tK
condugting equipment within a single substation and are m
termingl.

0

Inherited Attributes

phase$ PhaseCode gnductingEquipment
mRID String éntifiedObject

name String IdentifiedObject
localNpme String IdentifiedObject
pathName IdentifiedObject
aliasNpme IdentifiedObject
description IdentifiedObject

Roles|Inherited From CongduyctingEquip

1 Terminals ConductingEquipment
0..n |BaseVoltage ConductingEquipment
1 ClearanceTags ConductingEquipment
0..n ConductingEquipment
Roles

0..n EquipmentContainer Equipment

Roles |Inherited™~rom PowerSystemResource

0..n |OperatedBy Companies 0..n Company PowerSystemResource
0..n |PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements 0..n  Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource

Roles Inherited From ldentifiedObject

1..n ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.8.8 DCLineSegment

A wire or combination of wires not insulated from one another, with consistent electrical
characteristics, used to carry direct current between points in the DC region of the power
system.
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Native Attributes

dcSegmentinductance Inductance Inductance of the DC line segment, in
millihenries.

dcSegmentResistance Resistance Resistance of the DC line segment, in
ohms.

Inherited Attributes

bOch Susceptance Conductor

bch Susceptance Conductor

gOch Conductance Conductor

gch Conductance Conductor

length LongLength Conductor

r Resistance >

r0 Resistance

X Reactance

x0 Reactance

phase$ PhaseCode

mRID String

name String

localNpme String

pathName String

aliasNpme String

description String

Roles| Inherited From Conductor M Q

0..n |ConductorType .. ductorType ndwuctor

Roles

1 Terminals ConductingEquipment
0..n |BaseVoltage ConductingEquipment
1 ClearanceTags ConductingEquipment
0.. ConductingEquipment

EquipmentContainer Equipment

Roles |Inherited owerSystemResource

0..n |OperatedBy “Companies  0..n Company PowerSystemResource
0..n |RSRType 0..1 PSRType PowerSystemResource
1 Contains_Measuremenis  U..n Measurement PowerSysiemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource
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Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.8.9 Disconnector

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

Inherited Attributes

normalOpen Boolean

switchDnCount Counter

switchDnDate AbsoluteDateTime

phase$ PhaseCode ment
mRID String

name String

localNpme String

pathName String

aliasNpme String IdentifiedObject
description String IdentifiedObject
Roles| Inherited From Switch %Q

0..n |CompositeSwitch .. ompositeSwitch yitch

0..1
0..n |SwitchingOperations ~ 0..n itchingOperation Switch

Roles Inherited From Gonducting

1 Terminals ConductingEquipment
0..n |BaseVoltgge ConductingEquipment
1 C/earancs y ConductingEquipment
0..n |ProtectionEquipn ProtectionEquipment ConductingEquipment
Roles

0..n EquipmentContainer Equipment

Roles |nkherited From PowerSystemResource

0..n OperatedBy_Companies  0..n Company PowerSystemResource
0..n  PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements  0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource

Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set
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Generic user of energy - a point of consumption on the power system model.

Native Attributes

conformingLoadFlag Boolean Flag is set to YES if the load is conforming,
i.e. tracks the area load to which the
energy consumer belongs.
customerCount Counter Number of individual customers
represented by this Demand.
pFexp Exponent Exponent of per unit frequency effecting
Teal pOwer-
pfixed ActivePower Real component of the load thatig a fixed
quantity, MW.
pfixedPct PerCent Fixed MW as péghtent af ,lead group fixed
MW.
pnom ActivePower , MW,
d afcording
selected |for the
s_to bne per unit in the
pnomRct PerCent [d group

powerkactor
pVexp
gFexp
gfixed
gfixedPct

gnom
gnomRct

qVexp

Inherited Attrib

PowerFactor

of load.
fing real

effecting

fixed quantity, MVAr.
Fixed MVAr as per cent of load grqup fixed
MVAr.
Nominal value for reactive power, MVAr.
Nominal MVAr as per cent of logd group
nominal MVAr.

Exponent of per unit voltage
reactive power.

pffecting

phase$ PhaseCode ConductingEquipment
mRID String IdentifiedObject
name String IdentifiedObject
localNpme String IdentifiedObject
pathName String IdentifiedObject
aliasN f #i }
description String IdentifiedObject

Native Roles

1 LoadDemandModels

1 NonConformLoadSchedules

0..n LoadArea

LoadDemandModel

An energy consumer

NonConformLoadSchedule

may have one or
more load demand
models.

An energy consumer

LoadArea

may have a non-
conforming load
schedule.
Consumers may be
assigned to a load
area.
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1..n  PowerCutZone 0..1 PowerCutZone An energy consumer
is assigned to a
power cut zone.

Roles Inherited From ConductingEquipment

1 Terminals 0..n Terminal ConductingEquipment

0..n  BaseVoltage 0.1 BaseVoltage ConductingEquipment

1 ClearanceTags 0..n ClearanceTag ConductingEquipment

0..n  ProtectionEquipments  0..n ProtectionEquipment ConductingEquipment

Roles frheritedrom-Equipment

0..n |[MemberOf_Equipment 0..1 EquipmentContainer Equipment

Container

Roles [nherited From PowerSystemResource

0..n |OperatedBy_Companies 0..n Company esource

0..n |PSRType 0..1 PSRType esource

1 Contains_Measurements  0..n Measurery stemResource

1 OutageSchedule 0..1 edy SystemResource

Roles |nherited From ldentifiedObject

1..n  |ModelingAuthoritySet  0..1 odelin hor IdentifiedObject

6.8.11 Equivalen

Native |ttributes

Xxn

rn esistance
nomingalVo & Voltage

X Reactance
r Resistance

D

a transmission or distribution voltage lev

Negative sequence Thevenin reactance in
ohms.
Negative sequence Thevenin resigtance in
ohms.

Phase-to-phase nominal voltage.

voltageAngle AngleRadians

voltageMagnitude Voltage
x0 Reactance
ro Resistance

activePower ActivePower

Positive sequence Thevenin reactance in
ohms.

Positive sequence Thevenin resistance in
ohms.

Phase angle of a-phase open circuit.
Phase-to-phase open circuit voltage
maghnitude.

Zero sequence Thevenin reactance in
ohms.

Zero sequence Thevenin resistance in
ohms.

High voltage source load.
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Inherited Attributes
phases PhaseCode ConductingEquipment
mRID String IdentifiedObject
name String IdentifiedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasName String IdentifiedObject
description String IdentifiedObject
Roles Inherited From ConductingEquipment
1 Terminals 0..n Terminal
0..n BaseVoltage 0— BaseVoltage
1 ClearanceTags 0..n ClearanceTag
0..n |ProtectionEquipments 0..n ProtectionEquipment

Roles |Inherited From Equipment

0..n |[MemberOf_Equipment 0..1 EquipmentContaine

Container

Roles |nherited From PowerSystemResqurce
0..n |OperatedBy_Companies
0..n |PSRType

1 Contains_Measurements
1 OutageSchedule

dwerSystemResource
owerSystemResource
PowerSystemResource
PowerSystemResource

Roles Inherited From |deqtifi

detingAuthority IdentifiedObject

1..n  |ModelingAutho
et
6.8.12
A device tQ cqnvert ko quency to another (e.g. frequency F1 to F2) comprises|a pair
of Freqk er instances. One converts from F1 to DC, the other converts the|DC to

F2.

Native [Attributes

Frequency on the AC side.

freqL_Jepcy Frequency
maximummw ActivePower
maximumKV Voltage
minimumMW ActivePower
minimumKV Voltage
operatingMode OperatingMode

The maximum power on the DC side at
which the frequence converter should
operate.

The maximum voltage on the DC side at
which the frequency converter should
operate.

The minimum power on the DC side at
which the frequence converter should
operate.

The minimum voltage on the DC side at
which the frequency converter should
operate.

Operating mode for the frequency
converter.
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Inherited Attributes

phases PhaseCode

mRID String

name String

localName String

pathName String

aliasName String

description String

Roles Inherited From RegulatingCondEq

0..n 0..1 Measurement

0..n O— RegulationSe

0..1 1.

Roles |nherited From ConductingEquipment

1 Terminals 0..n Terminal

0..n |BaseVoltage 0..1 BaseVoltage

1 ClearanceTags 0..n ClearanceTag

0..n |ProtectionEquipments 0..n ProtectionEqujpme

Roles |Inherited From Equipment m G

0..n  |MemberOf_Equipment 0..1 qui tCoutain
Container s

Roles

0..n

0..n

1

1

Roles

1..n ModelingAuthority

Set
6.8.13 Fuse

ConductingEquipment
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject

Eq

PowerSystemResource
PowerSystemResource
PowerSystemResource
PowerSystemResource

IdentifiedObject

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

breaks current.

Native Attributes
ampRating
Inherited Attributes

normalOpen
switchOnCount
switchOnDate
phases

mRID

name
localName

CurrentFlow

Boolean

Counter
AbsoluteDateTime
PhaseCode

String

String

String

Fault interrupting rating in amperes

Switch

Switch

Switch
ConductingEquipment
IdentifiedObject
IdentifiedObject
IdentifiedObject
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pathName String

aliasName String

description String

Roles Inherited From Switch

0..n  CompositeSwitch 0..1 CompositeSwitch
0..n  SwitchingOperations 0..n SwitchingOperation

Roles Inherited From ConductingEquipment

1 Terminals 0..n Terminal
0..n [BaseVoltage

1 ClearanceTags

0..n |ProtectionEquipments

CIearanceTag

U..1
0..n
0..n ProtectionEquipment

Roles
0..n

nherited From Equipment

MemberOf_Equipment 0..1
Container

EquipmentContain

Roles [nherited From PowerSystemResource
0..n |OperatedBy_Companies 0
0..n |PSRType 0..
1 Contains_Measurements 0
OutageSchedule 0

-\ule

Roles

1..n gAuthority

61970-301 © IEC:2009(E)

IdentifiedObject
IdentifiedObject
IdentifiedObject

Switch
Switch

ConductlngEqument
Aau

ipwmen

owerSystemResource
PowerSystemResource
PowerSystemResource
PowerSystemResource

IdentifiedObject

dcitors.

e type
pad of
r use

Inherited Attributes

phases PhaseCode ConductingEquipment
mRID String IdentifiedObject
name String IdentifiedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasName String IdentifiedObject
description String IdentifiedObject
Roles Inherited From ConductingEquipment

1 Terminals 0..n  Terminal ConductingEquipment
0..n  BaseVoltage 0..1 BaseVoltage ConductingEquipment
1 ClearanceTags 0..n ClearanceTag ConductingEquipment
0..n  ProtectionEquipments  0..n ProtectionEquipment ConductingEquipment
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Roles Inherited From Equipment

0..n  MemberOf_Equipment 0..1 EquipmentContainer
Container

Roles Inherited From PowerSystemResource

0..n  OperatedBy_Companies 0..n  Company

0..n  PSRType 0..1 PSRType

1 Contains_Measurements  0..n Measurement

1 OutageSchedule 0..1 OutageSchedule

Equipment

PowerSystemResource
PowerSystemResource
PowerSystemResource
PowerSystemResource

Roles |nherited From ldentifiedObject

1..n  |ModelingAuthoritySet  0..1 ModelingAuthority
Set

6.8.15 GroundDisconnector

A manually operated or motor operated mechanig
circuit|or equipment from Ground.

Inherited Attributes

normalOpen
switchPnCount
switchPDnDate
phase$
mRID
name
localNpme
pathName
aliasNpme
description

Roles| Inherited

0..n Composite j .. CompositeSwitch
0..n | SwHtc : SwitchingOperation

Roles Inherited Fram

onductingEquipment

1 Términals 0..n Terminal

0..n Rnea\/nlf:aga -1

1 ClearanceTags 0..n ClearanceTag

0..n  ProtectionEquipments  0..n ProtectionEquipment

Identifie

Roles Inherited From Equipment

0..n  MemberOf_Equipment 0..1 EquipmentContainer
Container

g’used for isols

Switch

Switch

Switch
ConductingEquip
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject

Switch
Switch

ting a

ment

ConductingEquipment

ConductingEquipment
ConductingEquipment

Equipment
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Roles Inherited From PowerSystemResource

0..n  OperatedBy _Companies  0..n Company PowerSystemResource
0..n  PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements  0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource

Roles Inherited From |dentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.8.16 HeatExchanger

Equipment for the cooling of electrical equipment and the extracii

Inherited Attributes

mRID String

name String entifiedObject
localNpme String dentifiedObject
pathName String IdentifiedObject

aliasNpme Strin
description String

IdentifiedObject
IdentifiedObject

Native| Roles

0..1 |PowerTransformer 1 me A transformer may have|l a heat

exchanger.

Roles |nherited From Equigme
0..n [MemberOf_Eq

Container :

ontainer Equipment

Roles

0..n Company PowerSystemResource
0..n PSRType PowerSystemResource
1 Measurement PowerSystemResource

OutageSchedule PowerSystemResource

Roles [nherited From |dentifiedObject

1 AL Lali .y HAN o W) O—4 Aoelal: Ayrble b Ll n
..n WVIUUCGITITITgAULTTUTNI Yy OCL V.. 1 WVIVUUCTITITIYAULITUTILY TUcTIItl

Set

6.8.17 Jumper

A short section of conductor with negligible impedance which can be manually removed and
replaced if the circuit is de-energized. Note that zero-impedance branches can be modelled
by an ACLineSegment with a zero impedance ConductorType.
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Inherited Attributes
normalOpen Boolean Switch
switchOnCount Counter Switch
switchOnDate AbsoluteDateTime Switch
phases PhaseCode ConductingEquipment
mRID String IdentifiedObject
name String IdentifiedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasName String IdentifiedObject
description String IdentifiedObject
Roles| Inherited From Switch
0..n |CompositeSwitch 0..1 CompositeSwitch Switch
0..n |SwitchingOperations 0..n SwitchingOperation Switch
Roles |nherited From ConductingEquipment
1 Terminals 0..n  Terminal qiyipment
0..n |BaseVoltage 0..1 BaseVoltage duipment
1 ClearanceTags 0..n ClearanceTa CornductingEquipment
0..n [|ProtectionEquipments 0..n ProtectionEqg \ig tG ihgEquipment
Roles [nherited From Equipment
0..n  |MemberOf_Equipment 0..1 EquipmentCoatainer Equipment

Container Q
Roles [nherited From
0..n Operatef@s Sgmpany PowerSystemResource
0..n |PSRType PSRType PowerSystemResource
1 Contains_ Mk Measurement PowerSystemResource
1 OutageSchedule PowerSystemResource
Roles r JdentifiedObject
1..n uthority&et  0..1 ModelingAuthority IdentifiedObject

Set

6.8.18 Junction

A point where one or more conducting equipments are connected with zero resistance.

Inherited Attributes

phases PhaseCode
mRID String
name String
localName String
pathName String
aliasName String
description String

ConductingEquipment
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
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Roles Inherited From Connector

Roles Inherited From ConductingEquipment

1 Terminals 0..n Terminal

0..n  BaseVoltage 0.1 BaseVoltage

1 ClearanceTags 0..n ClearanceTag

0..n  ProtectionEquipments  0..n ProtectionEquipment

Roles Inherited From Equipment

61970-301 © IEC:2009(E)

ConductingEquipment
ConductingEquipment
ConductingEquipment
ConductingEquipment

0..n MemberOf Equipment 0.1 EquipmentContainer Equipment
Container

Roles |nherited From PowerSystemResource

0..n |OperatedBy Companies  0..n Company

0..n |PSRType 0..1 PSRType

1 Contains_Measurements  0..n Measurement

1 OutageSchedule 0..1 OutageSch

Roles {nherited From IdentifiedObjec<\A\al

1..n |ModelingAuthoritySet  0..1 odeli %

6.8.19 Line %ﬁ

A component part of a ing eén adjacent substations or from a substg

an adjpcent inte@e

Inherited Attribute

mRID ¢

name String

localNpme tring

pathNa String

aliasNp String

description String

Native| Roles

0..* |Region 0..1 SubGeographical

Reqgiaon
St Uh

IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject

Roles Inherited From EquipmentContainer

1 ConnectivityNodes 0..n ConnectivityNode
0..1 Contains_Equipments 0..n Equipment

Roles Inherited From PowerSystemResource

0..n  OperatedBy Companies  0..n Company

0..n  PSRType 0..1 PSRType

1 Contains_Measurements  0..n Measurement

1 OutageSchedule 0..1 OutageSchedule

EquipmentContainer
EquipmentContainer

PowerSystemResource
PowerSystemResource
PowerSystemResource
PowerSystemResource

tion to
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Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.8.20 LoadBreakSwitch

A mechanical switching device capable of making, carrying, and breaking currents under
normal operating conditions.

Native Attributes
ampR:llting CurrentFlow Current carrying cap
amperes, of a wirge"gQ
thermal conditio

expressed in
r stated

Inherited Attributes

normalOpen Boolean

switchODnCount Counter

switchODnDate AbsoluteDateTime

phase$ PhaseCode ment
mRID String

name String éntifiedObject
localNpme String IdentifiedObject
pathName Strin IdentifiedObject
aliasName String IdentifiedObject
description String IdentifiedObject

Roles| Inherited From ProtectedSwitch

0..n |OperatedBy ProtegtionEquipme ts
1 RecloseSequence SN

Roles nherited S
0..n |Composite }

0..n | SwitchingQOpe

rofectionEquipment ProtectedSyitch
RecloseSequence ProtectedSyitch

CgmpositeSwitch Switch
witchingOperation Switch

Roles |nfexiteq gEquipment

1 Terqinaly 0..n Terminal ConductingEquipment
0..n |BaseValfage 0.1 BaseVoltage ConductingEquipment
1 Clearance¥ag 0..n ClearanceTag ConductingEquipment
0..n |ProtectionEquipments 0..n ProtectionEquipment ConductingEquipment

Roles Inherited From Equipment

0..n  MemberOf_Equipment 0..1 EquipmentContainer Equipment
Container

Roles Inherited From PowerSystemResource

0..n  OperatedBy_Companies 0..n  Company PowerSystemResource
0..n  PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements  0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource
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Roles Inherited From ldentifiedObject
0..1 ModelingAuthority IdentifiedObject

1..n

6.8.21

ModelingAuthority Set

Set

MVArCapabilityCurve

61970-301 © IEC:2009(E)

Reactive power rating envelope versus the synchronous machine's active power, in both the
generating and motoring modes. For each MW value, there is a corresponding high and low
MVAr 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

repres

Native

Attributes

ntreactive maximurn.

coolantTemperature

hydrog

Inherit]

curved
xUnit
y1Unit
y2Unit
mRID
name
localN

enPress

tyle

ame

pathName

aliasN
descri

Native|

0..n
0..1

Roles

6.8.22

bme
btion

Roles
Synchro

ure

ed Attributes

noosM
InitiaIIyU ;

Temperature

Pressure

CurveStyle
String
String
Strin
String
String
String
String

210

Curve

Curve

IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject

..n SynchronousMachine
..n SynchronousMachine
CurveData Curve

ModelingAuthority IdentifiedObject

Set

ture in
br stator

A Plantis a collection of equipment for purposes of generation.

Inherited Attributes

mRID
name

localName
pathName

aliasName
description

String
String
String
String
String
String

Roles Inherited From EquipmentContainer
0..n ConnectivityNode EquipmentContainer

1
0..1

ConnectivityNodes
Contains_Equipments

IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject

0..n Equipment

EquipmentContainer
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Inherited From PowerSystemResource

0..n  OperatedBy Companies 0..n Company PowerSystemResource

0..n  PSRType 0..1 PSRType PowerSystemResource

1 Contains_Measurements 0..n Measurement PowerSystemResource

1 OutageSchedule 0.1 OutageSchedule PowerSystemResource

Roles Inherited From |dentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

Set

6.8.23 PowerTransformer

An electrical device consisting of two or more coupled windings, gnetic

core, for introducing mutual coupling between electric circuits sed to

contro| voltage and phase shift (MW flow). The typeN ype of

transfgrmer.

Native Attributes

bmag$at PerCent eptance

cent.
magBaseKV Voltage eferénce voltage at wlhich the
rements

magSatFlux PerCent ore magnetizing saturation curve
nee flux level.

phase$ Describes the phases carrigd by a
power transformer. Possible yalues {
ABCN , ABC, ABN, ACN, BCN, AB,
AC, BC, AN, BN, CN, A, B,C, N }.

transf()oolingTy@ erCootingType  Type of transformer cooling.

transfgrmerType ns ype

Inherited Attributg

mRID IdentifiedObject

name tring IdentifiedObject

localNgm tring IdentifiedObject

pathNan String IdentifiedObject

aliasNpme String IdentifiedObject

description String IdentifiedObject

Native| Rolés

1 HeatExchanger 0..1 HeatExchanger A transformer may have a heat

exchanger.
1 Contains_Transformer 1..n  TransformerWinding A transformer has windings.
Windings
Roles Inherited From Equipment

0..n

Roles

0..n
0..n
1
1

MemberOf_Equipment 0..1 EquipmentContainer Equipment

Container

Inherited From PowerSystemResource

OperatedBy Companies  0..n Company PowerSystemResource
PSRType 0..1 PSRType PowerSystemResource
Contains_Measurements 0..n Measurement PowerSystemResource
OutageSchedule 0..1 OutageSchedule PowerSystemResource
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Roles Inherited From ldentifiedObject
ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

1..n

6.8.24

Set

ProtectedSwitch
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A ProtectedSwitch is a switching device that can be operated by ProtectionEquipment.

Inherited Attributes

norma ﬂpnn Boolean Switch

switchPnCount Counter

switchPnDate AbsoluteDateTime

phase$ PhaseCode

mRID String

name String

localNpme String

pathName String

aliasNpme String

description String

Nativel Roles

0..n |OperatedBy_ProtectionEquipments  0.. pog;cti,bnEq ipment Circuit bre
may be op
by protectig
relays.

1 RecloseSequences RetloseSequence A  breake

\) have zero

automatic
reclosures
trip occurs.

Roles |Inherited Fram S

0..n Compoa@tc ositeSwitch Switch

SwitchingOpefati hingOperation Switch

Terminal

BaseVoltage

ClearanceTag
ProtectionEquipment

ConductingEquipment
ConductingEquipment
ConductingEquipment
ConductingEquipment

ment

kers
rated
n

r may
or more

after a

Roles Inherited From Equipment
MemberOf_Equipment 0..1 EquipmentContainer

0..n

Container

Roles Inherited From PowerSystemResource

0..n
0..n
1
1

OperatedBy Companies

PSRType

Contains_Measurements
OutageSchedule

0..n Company
0.1 PSRType
0..n Measurement
0..1

OutageSchedule

Equipment

PowerSystemResource
PowerSystemResource
PowerSystemResource
PowerSystemResource
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Roles Inherited From ldentifiedObject
1..n  ModelingAuthoritySet  0..1

ModelingAuthority

IdentifiedObject

Set

6.8.25 Rectifierlnverter

Bi-directional AC-DC conversion equipment that can be used to control DC current, DC

voltage, DC power flow, or firing angle.

Native Attributes

ratedKV Voltage
bridge Counter
commuitatingReactance Reactance
commuitatingResistance Resistance
compdundResistance Resistance
minCompoundVoltage Voltage
frequepcy Frequency
maximumMW ActivePower
minimgmMW ActivePower

maximumKV

minimymKV

basey

Rectifier/inverter pfima
Number of bridges

raXximum voltage on the D(
which the frequency converte

he minimum voltage on the D(
which the frequency converte
operate.

pltage.

s at AC

he.

side at
should

side at
should

[ side at
should

side at
should

pquency

ment

operatjngMode Operating mode for the fr
Q converter.

Inherited Attribute

phase$ ConductingEquip

mRID IdentifiedObject

name IdentifiedObject

localNpm IdentifiedObject

pathNary IdentifiedObject

aliasNpme IdentifiedObject

description IdentifiedObject

Roles [nherited From’ConductingEquipment

1 Terminals 0..n  Terminal ConductingEquipment

0..n "BaseVoltage 0.1 BaseVoltage ConductingEquipment

1 ClearanceTags 0..n ClearanceTag ConductingEquipment

0..n  ProtectionEquipments 0..n ProtectionEquipment ConductingEquipment

Roles Inherited From Equipment
0..n  MemberOf_Equipment O..

EquipmentContainer

Equipment

Container
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Roles Inherited From PowerSystemResource

61970-301 © IEC:2009(E)

0..n  OperatedBy _Companies  0..n Company PowerSystemResource
0..n  PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements  0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource
Roles Inherited From |dentifiedObject
1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

Set
6.8.26 RegulatingCondEq

RegulatingCondEq is a type of ConductingEquipment that ca

have g RegulationSchedule.

Inherited Attributes

phase$ PhaseCode
mRID String
name String
localNpme String
pathName

aliasNpme

description

Native| Roles

gnductingEquip
dentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject

ment

uipment
gulate a
typically

have a
dule.

0..n |Measurement A type of conducting eg
that may be used to re
network measurement,
voltage.

0..n ationSchedule A regulating class may
voltage regulation sche

0..1

Roles

1 Terminal ConductingEquipment

0..n BaseVoltage ConductingEquipment

1 ClearanceTag ConductingEquipment

0..n ProtectionEquipment ConductingEquipment

Roles llnhérited From Equipment

0..n  MemberOf_Equipment 0..1 EquipmentContainer Equipment

Container

Roles Inherited From PowerSystemResource

0..n  OperatedBy Companies  0..n Company PowerSystemResource

0..n PSRType 0..1 PSRType PowerSystemResource

1 Contains_Measurements  0..n Measurement PowerSystemResource

1 OutageSchedule 0..1 OutageSchedule PowerSystemResource
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Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.8.27 RegulationSchedule

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

Native Attributes

lineDrgpCompensation Boolean Flag to indicate TiNE drop
compensation is to he

lineDropR Resistance Line drop resistange

lineDropX Reactance Line drop reactahge

Inherited Attributes

timeStep Seconds hedule

endTime AbsoluteDateTime hedule

startTime AbsoluteDateTime dule

value1|Unit String idule

valueZUnit String dule

mRID String dentifiedObject

name String IdentifiedObject

localNBme Strin IdentifiedObject

pathName String IdentifiedObject

aliasNpme String IdentifiedObject

description String IdentifiedObject

Native| Roles s

0..1 VoltageControlZon . ageCo IZone A VoltageControlZone njay have
\a a voltage regulation schedule.

0..1 |RegulatingCona egWatingCondEq A regulating class may| have a

voltage regulation schedple.
0..1 TapChan hanger An LTC may have a rggulation
schedule.

Roles chedule

1 RegularTimePoint RegularintervalSchedule

Roles

Roles |Inherited FromAdentifiedObject

1..n  |MadelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

Qe
OC1l

6.8.28 SeriesCompensator

A Series Compensator is a series capacitor or reactor or an AC transmission line without

charging susceptance.

Native Attributes

r Resistance Positive sequence resistance
capacitor bank
X Reactance Positive sequence reactance

capacitor bank

of the

of the


https://iecnorm.com/api/?name=c5fce4f449dda878a2784f8e1c8b0900

— 142 - 61970-301 © IEC:2009(E)

Inherited Attributes

phases PhaseCode ConductingEquipment
mRID String IdentifiedObject
name String IdentifiedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasName String IdentifiedObject
description String IdentifiedObject
Roles Inherited From ConductingEquipment

1 Terminals 0..n Terminal Conductngqmpment
0..n 0—

1 C/earanceTags 0..n CIearanceTag

0..n |ProtectionEquipments 0 ProtectionEquipment

Roles |Inherited From Equipment

0..n |[MemberOf_Equipment 0..1 EquipmentContaine Equi
Container

Roles |nherited From PowerSystemResqurce

0..n |OperatedBy_Companies 0.1 dwerSystemResource
0..n |PSRType 0.. owerSystemResource
1 Contains_Measurements 0.. easure PowerSystemResource
1 OutageSchedule 0.. QutageSchedule PowerSystemResource

Roles [Inherited From lde
1..n |ModelingAuthority

eIinqA@ritv IdentifiedObject
\/

6.8.29

A shur
shunt
and nd

able bank of shunt capacitors or reactors. A sectipn of a
dual capacitor or reactor. Negative values for mVArPer§ection
e compensator is a reactor.

Native
aVRDglay Seconds Time delay in seconds required| for the

device to be connected or disconngcted by
automatic voltage regulation (AVR)]

impedanree tmpedance The—positire—seguence—impedanee of the
capacitor.

maximumkV Voltage The maximum voltage at which the
capacitor bank should operate.

maximumSections Counter For a -capacitor bank, the maximum
number of sections that may be switched
in.

minimumkV Voltage The minimum voltage at which the
capacitor bank should operate.

mVArPerSection ReactivePower For a capacitor bank, the size in MVAr of
each switchable section at the Nominal kV.

nominalkV Voltage The nominal voltage at which the nominal

MVAr was measured. This should normally
be within 10% of the voltage at which the
capacitor is connected to the network.
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nominalMVAr

normalSections

switchOnCount

switchOnDate

— 143 -

ReactivePower

Counter

Counter

AbsoluteDateTime

Nominal MVAr output of the capacitor bank
at the nominal kV. This number should be
positive.

For a capacitor bank, the normal number of
sections switched in. This number should
correspond to the Nominal MVAr.

The switch on count since the capacitor
count was last reset or initialized.

The date and time when the capacitor bank
was last switched on.

voltSensitivity PUkVPerMVAr Voltage sensitivity required for the device
to regulate the bus voltage, in per unit
voltage/MVAr.

yPerSection Admittance For a capacitor bank, the admitiance of
each switchable gection: d using
the MVAr per S8 cted for
network voltage

Inherited Attributes

phase$ PhaseCode ment

mRID String

name String

localNpme String

pathName String dentifiedObject

aliasNpme String IdentifiedObject

description Strin IdentifiedObject

Roles| Inherited From RegulatingCondE

0.. Measurement
0..n
0..1 Controls

Roles |Inherited
Terminals

RegulationSchedule

RegulatingCondEq
e RegulatingCondEq

RegulatingCondEq

1 s ConductingEquipment
0..n |BaseVoltage BaseVoltage ConductingEquipment
1 Clearance ClearanceTag ConductingEquipment
0..n | Protecti ProtectionEquipment ConductingEquipment
Roles [[nhexi
0..n |Membe EquipmentContainer Equipment

Couitainer
Roles Inherited From PowerSystemResource
0..n  OperatedBy _Companies  0..n Company PowerSystemResource
0..n PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements  0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource
Roles Inherited From |dentifiedObject
1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

Set
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StaticVarCompensator

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
controlled bus from the voltage s
If the voltage at the controlled b
zero.

SVC will be proportional to the deviation of voltage at the
etpoint. The SVC characteristic slope defines the proportion.
us is equal to the voltage setpoint, the SVC MVar output is

Native WAttributes
capacitiveRating Reactance Maximum reactive
power.
inductiveRating Reactance Maximum reactive
power.
sVCCagntrolMode ControlMode
slope VoltagePerReactive  The n SVC
Power i output
to the difference
and the
voltageSetPoint Voltage SVC is
6 the difference between the
the regulated bus &nd the
oltage setpoint. When the regulated bus
age is equal to the voltage setpoint, the
eaefive power output is zero.
Inherited Attributes
phase$ ConductingEquipment
mRID IdentifiedObject
name Q IdentifiedObject
localNpme IdentifiedObject
pathName IdentifiedObject
aliasNpme IdentifiedObject
description IdentifiedObject
Roles CondEq
0..n 2 Measurement RegulatingCondEq
0..n 2 RegulationSchedule = RegulatingCondEq
0.1 ..n Control RegulatingCondEq
Roles Inherited From ConductingEquipment
1 Terminals 0..n Terminal ConductingEquipment
0..n  BaseVoltage 0.1 BaseVoltage ConductingEquipment
1 ClearanceTags 0..n ClearanceTag ConductingEquipment
0..n  ProtectionEquipments  0..n ProtectionEquipment ConductingEquipment

Roles Inherited From Equipment

0..n  MemberOf_Equipment
Container

0..

EquipmentContainer Equipment
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Roles Inherited From PowerSystemResource

0..n  OperatedBy Companies  0..n Company

0..n  PSRType 0..1 PSRType

1 Contains_Measurements  0..n Measurement

1 OutageSchedule 0..1 OutageSchedule

Roles Inherited From |dentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority Ide
Set

PowerSystemResource
PowerSystemResource
PowerSystemResource
PowerSystemResource

ntifiedObject

6.8.31 Switch

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

typeName attribute may be used to indicate that the database

corresponding real device but has been introduced for modeli

Native WAttributes
normalOpen Boolean

switchPDnCount

switchPnDate

Inherited Attributes

phase$

mRID

name
localNpme
pathName
aliasNpme

descriptio

Nativel R

0..n
0..n

CompositeSwitch

m

Roles lnherited Fraom ConductingEquipment

the Switch.normalOpen

witch on count since the sw

ConductingEquip
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject
IdentifiedObject

1
.n SwitchingOperation A switch may be oper

any schedules.

t6. The

sent a

no

cted to

tch was

e date and time when the switch was
ast switched on.

ment

bted by

Roles Inherited From Equipment

1 Terminals 0..n Terminal ConductingEquipment
0..n  BaseVoltage 0.1 BaseVoltage ConductingEquipment
1 ClearanceTags 0..n ClearanceTag ConductingEquipment
0..n  ProtectionEquipments 0..n ProtectionEquipment ConductingEquipment

0..n  MemberOf_Equipment 0..1 EquipmentContainer Equipment

Container
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Roles Inherited From PowerSystemResource

0..n  OperatedBy _Companies  0..n Company PowerSystemResource
0..n  PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements  0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource

Roles Inherited From |dentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.8.32 SynchronousMachine

An elgctromechanical device that operates synchronously withthe ne i single

Native |Attributes

aVRTgManualLag Seconds aconds, requirdd when

o manual for g lagging
aVRTgManuallLead Seconds seconds, requirdd when

Automatic Voltage
to Manual for a leading MVAr

ult base MVAr value. This value
esents the initial MVAr that|can be
sSed by any application function.
Temperature or pressure of | coolant
medium.
Method of cooling the machine, le.g. air,
hydrogen gas, water.

baseMVAr ReactivePa

coolantCondition

coolantType Q

damping Damping torque coefficient, a
proportionality  constant  that, when
multiplied by the angular velocity of the
rotor poles with respect to the magnetic
field (frequency), results in the famping
torque.

inertia Inertia The energy stored in the rotgqr when
operating at rated speed. This palue is
used in the accelerating power r¢ference
frame for operator training 9gimulator
solutions.

manualToAVR Seconds Time delay, in seconds, required when
switching from Manual to Automatic
Voltage Regulation. This value is used in
the accelerating power reference frame for
powerflow solutions.

maximumKV Voltage Maximum kV limit for the unit.

maximumMVAr ReactivePower Maximum MVAr limit. This is the maximum
(nameplate) limit for the unit.

minimumKV Voltage Minimum kV limit for the unit.

minimumMVAr ReactivePower Minimum MVAr limit for the unit.

r Resistance Positive sequence resistance of the
synchronous machine.

ro Resistance Zero sequence resistance of the

synchronous machine.
ratedMVA ApparentPower Nameplate MVA rating for the unit.


https://iecnorm.com/api/?name=c5fce4f449dda878a2784f8e1c8b0900

61970-301 © IEC:2009(E) — 147 -
X Reactance Positive sequence reactance of the
synchronous machine.
x0 Reactance Zero  sequence reactance of the
synchronous machine.
xDirectSubtrans Reactance Direct-axis subtransient reactance, also
known as X"d.
xDirectSync Reactance Direct-axis synchronous reactance. The
quotient of a sustained value of that AC
component of armature voltage that is
produced by the total direct-axis flux due to
direct-axis armature current and the value
of the AC component of this current, the
).
xDirecfTrans Reactance O known
XQuadSubtrans Reactance hctance,
xQuadSync Reactance actance
nent of
to the
rmature
current,
at rated
xQuadTrans ce, also

operatjngMode

type

condenserMW

Inherited Attribute
phase$ <>
mRID

gde of operation,
sondenser.

i.e. generator

C , i.e. as a generator, condenser,
both.

ConductingEquipment

IdentifiedObject

name IdentifiedObject

localNpme IdentifiedObject

pathName IdentifiedObject
aliasNpme IdentifiedObject
descriptig IdentifiedObject

Native| Ro

1..n |MVArCap 0..n MVArCapabilityCurve

1..n |InitiallyUsesM¥ArCapability  0..1 MVArCapabilityCurve

Curve

1 Drives HydroPump 0 1 HydroPump The syndhronous
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.

1..n  MemberOf_GeneratingUnit 0..1 GeneratingUnit A synchronous machine
may operate as a
generator and as such
becomes a member of a
generating unit.

0..n  DrivenBy PrimeMover 0..n PrimeMover
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Roles Inherited From RegulatingCondEq

0..n  Measurement 0..1 Measurement RegulatingCondEq
0..n  RegulationSchedule 0..1 RegulationSchedule = RegulatingCondEq
0..1  Controls 1..n Control RegulatingCondEq

Roles Inherited From ConductingEquipment

1 Terminals 0..n Terminal ConductingEquipment
0..n  BaseVoltage 0.1 BaseVoltage ConductingEquipment
1 ClearanceTags 0..n ClearanceTag ConductingEquipment
0..n ProtectionEquipments 0..n ProtectionEgquipment ConductingEquipment

Roles |Inherited From Equipment

0..n |[MemberOf_Equipment 0..1 EquipmentContainer
Container

Roles [nherited From PowerSystemResource
0..n |OperatedBy_Companies 0..n Sy§temResource
0..n |PSRType X
1 Contains_Measurements g PowerSystemResource
1 OutageSchedule .. PowerSystemResource

Roles [Inherited From lde

1..n  |ModelingAuthorjty ority IdentifiedObject

6.8.33

Mechgnism for changing winding tap positions. The typeName attribute indicates
type o ) {Fixed" or "LTC."

Native [A

highStep TapStep Highest possible tap step position,
advance from neutral.

initialQelay Seconds For an LTC, the delay for initial tap
changer operation (first step chgnge).

lowSt P Tapstcp towest puacibic tap—step bosition,
retard from neutral.

neutralKV Voltage Voltage at which the winding operates
at the neutral tap setting.

neutralStep TapStep The neutral tap step position for this
winding.

normalStep TapStep The tap step position used in "normal”

network operation for this winding. For a
"Fixed" tap changer indicates the
current physical tap setting.
stepPhaseShiftincrement AngleDegrees Phase shift, in degrees, per step
position. A positive value indicates a
positive phase shift from the winding
where the tap is located to the other
winding (for a two-winding transformer).
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stepVoltagelncrement PerCent
subsequentDelay Seconds

tculControlMode

TransformerControlMode

Tap step increment, in per cent of
nominal voltage, per step position.

For an LTC, the delay for subsequent
tap changer operation (second and later
step changes).

For an LTC, the tap changer control
mode, e.g.: Off, Local, Volt, MVAr.

Inherited Attributes
mRID String IdentifiedObject
name String IdentifiedObject
localName String IdentifiedObject
pathName String tdemntifredObject
aliasName String
description String
Native| Roles
0..n | TransformerWinding 1 TransformerWinding Ry have
ely  for
0..n |Measurement 0..1 Measurement specific
hetwork,
b shifter
sed to
W) flow
, An LTC with
sighificant phase shift
haracteristics could be |used to
regulate MW flow insfead of
(h voltage.
0..n |RegulationScheduy, aul iQJSch ule An LTC may have a rggulation
\)\/ schedule.
Roles [nherited From Pow
0..n |Operated con PowerSystemResource
0..n |PSRType PowerSystemResource
1 Measurement PowerSystemResource
1 OutageSchedule PowerSystemResource
Roles
1..n ModelingAuthority IdentifiedObject
Set
6.8.34 TransformerWinding

A winding is associated with each defined terminal of a transformer (or phase shifter).

Native Attributes
b

insulationKV
connectionType

Susceptance
Voltage
WindingConnection

emergencyMVA ApparentPower
g Conductance
grounded Boolean

r Resistance

Magnetizing branch susceptance (B mag).
Basic insulation level voltage rating.

The type of connection of the winding (e.g.
Delta, Wye, zigzag).

The MVA that the winding can carry under
emergency conditions.

Magnetizing branch conductance (G mag).
Set if the winding is grounded.

Positive sequence series resistance of the
winding.
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ro Resistance Zero sequence series resistance of the
winding.

ratedKV Voltage The rated voltage (phase-to-phase) of the

winding, usually the same as the neutral
voltage.

ratedMVA ApparentPower The normal MVA rating for the winding.

rground Resistance Ground resistance path through connected

grounding transformer.

shortTermMVA ApparentPower MVA that the winding can carry for a short

period of time.

windingType WindingType The type of winding, i.e. Primary,

Secondary, Tertiary, Quaternary.

X Reactance Positive sequence series-reactande of the

winding.

x0 Reactance Zero sequence of the

winding.

xgrournd Reactance Ground reactance Rpa nnected

grounding tfa

Inherited Attributes

phase$ PhaseCode ment

mRID String

name String

localNpme String dentifiedObject

pathName String IdentifiedObject

aliasNpme Strin IdentifiedObject
description String IdentifiedObject

Native| Roles

1..n  |MemberOf _PowerTransformer ransformer A transformei has
windings.

1 TapChangers A transformer [winding
may have tap changers,
separately for | voltage

@ and phase angle.

1 From_Win WindingTest The winding from which
the test was conducted.

0..n |To_WindiggTe 0..1 WindingTest The winding to which the
test was conducted.

Roles Equipment

1 0..n Terminal ConductingEquipment

0..n 0.1 BaseVoltage ConductingEquipment

1 0..n ClearanceTag ConductingEquipment

0..n |Protectionsqujpments 0..n ProtectionEquipment ConductingEquipment

Roles Inherited From Equipment

0..n  MemberOf_Equipment 0..1 EquipmentContainer Equipment

Container
Roles Inherited From PowerSystemResource
0..n  OperatedBy Companies  0..n Company PowerSystemResource
0..n  PSRType 0..1 PSRType PowerSystemResource
1 Contains_Measurements  0..n Measurement PowerSystemResource
1 OutageSchedule 0..1 OutageSchedule PowerSystemResource
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Roles Inherited From ldentifiedObject
1..n  ModelingAuthoritySet  0..1

ModelingAuthority

IdentifiedObject

Set

6.8.35 WindingTest

Physical winding test data for the winding/tap pairs of a transformer (or phase shifter). This
test data can be used to derive other attributes of specific transformer or phase shifter

models.

Native [Attributes

excitingCurrent ExcitingCurrent

fromTapStep TapStep

leakagelmpedance Impedance

loadLgss
nolLoaflLoss

phaseBhift

ing open-
winding
] at the
ing short-
5 open-
pressed
ratings
) short-

g open-

from the test report.
phase shift measured at the open-
"to" winding, with thg "from"
wnding set to the "from" windind's rated
oltage and all other windingg open-
circuited.

toTap$tep The tap step number for the "to" winding of
the test pair.

voltage The voltage measured at thg open-
circuited "to" winding, with thg "from"
winding set to the "from" windingd's rated
voltage and all other windingg open-
circuited.

Inherite ]

mRID String IdentifiedObject

name String IdentifiedObject

localNpme String IdentifiedObject

pathName String IdentifiedObject

aliasNpme String IdentifiedObject

description String IdentifiedObject

Native Roles
0..n  From_TransformerWinding 1

TransformerWinding

The winding from which the

0..1 To_TransformeWindings 0..n

TransformerWinding

test was conducted.
The winding to which the

Roles Inherited From ldentifiedObject
1..n  ModelingAuthoritySet  0..1

ModelingAuthority

test was conducted.

IdentifiedObject

Set
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6.8.36 WireArrangement

Identification, spacing and configuration of the wires of a ConductorType, with reference to
their type.

Native Attributes

mountingPointX Integer Mounting point where wire One is
mounted.

mountingPointY Integer Mounting point where wire One is
mounted.

Inherited Attributes

mRID String

name String

localNpme String

pathName String

aliasName String

description String

Native| Roles
0..n |ConductorType 0..1 ConductorType

; b up of
be confiqured in

is mounted at a

%- ifiex place in a

HreAfrangement.

0..n [WireType 0..1

Roles |nherited From ldentifiedObject

1..n  |ModelingAuthoritySet  0..1 IdentifiedObject
NS
6.8.37 WiresVers
Native Attributes
version
date
6.8.38 \
Wire ¢onductar FE specs). A specific type of wire or combination of wirds, not

insulafed from>each other, suitable for carrying electrical current.

Native WUitributes

phaseConductorCount Counter Number of conductor strands in the
(symmetrical) bundle (1-12).

phaseConductorSpacing ShortLength Distance between conductor strands in a
(symmetrical) bundle (short length units).

ampRating CurrentFlow Current carrying capacity, expressed in

amperes, of a wire or cable under stated
thermal conditions.

gMR ShortLength Geometric Mean Radius. If we replace the
conductor by a thin walled tube of radius
GMR, then its reactance is identical to the
reactance of the actual conductor.

radius ShortLength The radius of the conductor.

resistance Resistance The resistance per unit length of the
conductor.
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Inherited Attributes

mRID String IdentifiedObject

name String IdentifiedObject

localName String IdentifiedObject

pathName String IdentifiedObject

aliasName String IdentifiedObject

description String IdentifiedObject

Native Roles

0..1 WireArrangements 0..n  WireArrangement A WireType is mounted at a
specified place in a

WireArrangement.

Roles |nherited From ldentifiedObject

1..n  |ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedO
Set

6.8.39 VoltageControlZone

An arpa of the power system network which is defi
purpoges. A voltage control zone consists of a colleg
bar seftion whose voltage will be controlled.

voltage ¢ontrol
ith a designatgd bus

Inherited Attributes

mRID String IdentifiedObject
name String IdentifiedObject
localNpme String IdentifiedObject
pathName ing IdentifiedObject
aliasNpme IdentifiedObject
description IdentifiedObject

Native| Roles

0..1 BusbarS A VoltageControlZong is
controlled by a depignated
BusbarSection.

0..n A VoltageControlZone may have a
voltage regulation schedule.

Roles emResource

0..n 0..n Company PowerSystemResource

0..n 0..1 PSRType PowerSystemResource

1 , 0..n Measurement PowerSystemResource

1 Outage Scheg 0..1 OutageSchedule PowerSystemResource

Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set
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This package contains packages that have information for Unit Commitment and Economic
Dispatch of Hydro and Thermal Generating Units, Load Forecasting, Automatic Generation

Control, and Unit Modeling for Dynamic Training Simulator.

1

GenerationY'ersion

Wires &wersion = Generation w004
Y Bdate =2|:||:|?4:|)/23\
\
7 A )

- '
. '
'

-

Production

GenerationDyna
mics

Figure|l 38 shows the two main packag

relatiopship with the Wires package.

6.9.1

Native |Attributes

version
date Q
6.10 Producti

The pn
These
allocafe de

GenerationV n

IEC 502/09

eration and their depen

dency

rators.
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|dentifiedObject
from Co )
Regularinterval Schedule PowerSysternResource
(from Core) b (from Core)
Cure Q‘—\_\
(from Core) [‘x
SuhControlArea
GenUnitopScheduls (from Cere)
- 0.1
+GenUn|tOpSche}xQe 0.1 +Suhcantrolérea Y
eratingUnit
GenunitopCostcure | +Gerlerating Units +Hteamsandy
. " O.n +Cogeerdtio
+GenUnitOpCDstcm5\“? 1
+Ger?erat|n.gUn| GeneratingUnit 0.1 T ————
+Generatingl 9 g\m\f\r\ \3\
GrossToMethfWWCune o 1 Z% +iWemhberdf_Jogeneratigh®lant N
- +MemberQf_Ge raﬁin nit \ \
+GrassToNetMWCurves +Memberdf_{Zo
CombinedSydePlant
+Contains_SynchrongusMachines
+Drivgs _HydroPump 1.n
q.1 -
SynchronoushMachine
HydroPurmp 1 {From Wires) CAESPlant
+DrivenBy_SynchronousMachine lant ] \
. +MemberQf_ZAESFlan
Additichal Hydro +Cptain_ d
types ghown an HydroGeneratingUnit hemmalGeneratngUnit
Hydro fiagram 7777777777 / o
R +Contain_AirCompressar
Therm?@!neratingumt AirCompressor

+Drives_AirCamp

+DirivenBy_Coamb

0.1
essar

1

jstionTurhine

CombustionTurbine
(from GenerationDynamics)

Figure 39 — Main

IEC

b03/09

Figure 39 shows all classes included In the Production package that are needed b

y both

Hydro and Thermal generation. It also shows key external classes that have associations with
Production classes.
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(fmm Com)

FowerSysterm Resource

1

+DrivenBy_Synchra

RegularintervalSchedule
(fram Care)

HydraPump

+HydraPump

HydraPumpOpSchedule
+Cantain_

+Drives_HydroPump

orecast

+Reseroir
0.1

+Ta

Figure
that hg

O.n

LevelvsvolumeCu

0.1

TargetLevelSchedule

[getlevelSchedule
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Synchronaushachine
(from Wires])

1.n

+Cantains_Syn

+MemberOf_Gen

0.1

+HydroGeneratinglnit
1

+TailbayLossCurve

hranoushachines

eratinglUnit

TailhayLossCurve

etresatinglinit

Curve
(from 006

A

IEC 504/09

age as well as the key external dasses
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[dentifiedObject
rfrom Core)

- 157 -

i

AccountBalance

7

EmissionAccount

+EmmissionAccounts

GeneratingUnit

+FossilFuels

FossilFuel

i1d Generatingl nit

+FossilFuel
1 +F

lAllocationsSchedule
O.n

FuelfllocationSchedule

+HeatRateCurve

0.1

HeatRateCurve

EmissionCurve

%‘FmiSSiDnCUNES

Curve
(from Core)

StartMainFuelCurve

+Start
+Startuphodel
+StartMainFuelCurve 1

O.n 1
+Therma|Generating1Un

ThermalGeneratinglnit

1

ermalGeneratingLini
Inputcyree

+

0.1

SR

tRafe Cu

Figure

41 shows
classep that

Stadu&wel »

e,
Y

1

hu UDWW’E

(;from|

e
Core)

+StartRampCurve
0.1

StantRampCure

e 41 — Thermal

in the Thermal package as well as the key e
with Thermal classes.

IEC 505/09

ternal

6.10.1

Inherited Attri

curveStyle CurveStyle Curve

xUnit String Curve

y1Uni String Curve

y2Unit String Curve

mRID String IdentifiedObject
name String IdentifiedObject
localName String IdentifiedObject
pathName String IdentifiedObject
aliasName String IdentifiedObject
description String IdentifiedObject
Roles Inherited From Curve

1 CurveScheduleDatas 0..n  CurveData Curve

Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

Set
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6.10.2 AirCompressor

Combustion turbine air compressor which is an integral part of a compressed air energy
storage (CAES) plant.

Native Attributes

airCompressorRating Float Rating of the CAES air compressor
Inherited Attributes

mRID ering Idnnfifindﬂhjnr\f
name String

localNpme String
pathName String
aliasNpme String
description String

Native| Roles

1 MemberOf _CAESPlant 1 CAESPIant y be a

sed air
0..1 |DrivenBy_Combustion 1 s driven
Turbine

Roles |nherited From PowerSystemRé

0..n |OperatedBy Companies owerSystemResource

0..n |PSRType PowerSystemResource
1 Contains_Measurements PowerSystemResource
1 OutageSchedule PowerSystemResource

Roles [nherited Fram I¢
1..n Modeling@

lingAuthority IdentifiedObject

6.10.3

Compie orage plant

Native |Attributes

energyStorageCapacity EnergyAsMWh The rated energy storage cappcity in
megawatt-hours.

ratedCapacityMW ActivePower The CAES plant's gross rated generating
capacity in MW.

Inherited Attributes

mRID String IdentifiedObject

name String IdentifiedObject

localName String IdentifiedObject

pathName String IdentifiedObject

aliasName String IdentifiedObject

description String IdentifiedObject
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Native Roles
1 Contain_AirCompressor

0..1
Unit

Contain_ThermalGenerating 0..1
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1 AirCompressor

ThermalGeneratingUnit

An air compressor may
be a member of a
compressed air energy
storage plant.

A thermal generating

Roles Inherited From PowerSystemResource

unit may be a member
of a compressed air
energy storage plant.

0..n - e

0..n |PSRType 0..1 PSRType e

1 Contains_Measurements 0..n Measurement e

1 OutageSchedule 0..1 OutageSchedule e

Roles [nherited From |dentifiedObject

1..n  |ModelingAuthoritySet  0..1 ModelingAuthority

Set

6.10.4 CogenerationPlant

A set pf thermal generating units for the of ele al energy and process [steam

(usually from the output of the stea ines). steam sendout is typically used for

industrial purposes or for municipal hetin%

Native Attributes

cogenHPSendoutRati The high pressure steam sendout, |n kib/h.

cogenHPSteamRating The high pressure steam rating, in psi.

cogenlPSendo 1@»- The low pressure steam sendout, i kib/h.

cogenlPSteamRa The low pressure steam rating, in gsi

cogenPlantMWRati The rated output MW of the coggneration

plant.

Inherited Att

mRID IdentifiedObject

name String IdentifiedObject

localNpme String IdentifiedObject

pathName String IdentifiedObject

aliasNpme String IdentifiedObject

description String IdentifiedObject

Native Roles

0..1  Contain_ThermalGenerating 0..n  ThermalGeneratingUnit A thermal generating

Units unit may be a member

of a cogeneration plant.

1 SteamSendoutSchedule 1 SteamSendoutSchedule A cogeneration plant
has a steam sendout
schedule.

Roles Inherited From PowerSystemResource

0..n  OperatedBy_Companies 0..n Company PowerSystemResource

0..n  PSRType 0..1 PSRType PowerSystemResource

1 Contains_Measurements  0..n Measurement PowerSystemResource

1 OutageSchedule 0..1 OutageSchedule PowerSystemResource
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Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.10.5 CombinedCyclePlant

A set of combustion turbines and steam turbines where the exhaust heat from the combustion
turbines is recovered to make steam for the steam turbines, resulting in greater overall plant
efficiency.

Native [Attributes

comb(yclePlantRating ActivePower The combined cyclelplant'sN\output rating,
in MW,

Inherited Attributes

mRID String

name String

localNpme String

pathName String

aliasNpme String

description String éntifiedObject

Native| Roles

0..1 [|Contain_ThermalGenerating it A thermal g¢gnerating

Units unit may be a [member
of a combinefl cycle
plant.

Roles [nherited From Po

0..n |OperatedBy_ Cq PowerSystemResource

0..n |PSRType PowerSystemResource
leasurement PowerSystemResource

QutageSchedule PowerSystemResource

1 Contains_Meas
1 OutageS I

Roles
1..n ModelingAuthority IdentifiedObject
Set
6.10.6
Accou Init may

have zero or more emission accounts and will typlcally have one for trackmg usage and one
for tracking credits.

Native Attributes

emissionType EmissionType The type of emission, for example sulfur
dioxide (S0O2). The y1AxisUnits of the
curve contains the unit of measure (e.g.
kg) and the emissionType is the type of
emission (e.g. sulfer dioxide).

emissionValueSource EmissionValueSource The source of the emission value:
Measured or Calculated.
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Inherited Attributes

curveStyle CurveStyle Curve

xUnit String Curve

y1Unit String Curve

y2Unit String Curve

mRID String IdentifiedObject

name String IdentifiedObject

localName String IdentifiedObject

pathName String IdentifiedObject

aliasName String IdentifiedObject

description String IdentifiedObject

Native| Roles

0..n |ThermalGeneratingUnit 1 ThermalGenerating A therm upit may

Unit ’ mission

Roles [nherited From AccountBalance

Roles [nherited From Curve

1 CurveScheduleDatas 0..n CurveData

Roles |Inherited From IdentifiedObject M {;2

1..n |ModelingAuthoritySet  0..1 ModelingAuthorit niifiledObject

6.10.7 EmissionCurye

Relatignship between tf its of mass per hour (Y-axis) and output in

MW (X-axis) for g_give is curve applies when only one type of [fuel is

being purned. @

Native WAttributes

emissipnContent gion The emission content per quantity of fuel
burned.

emissipnTyp missionType The type of emission, which also dives the
production rate measurement upit. The
y1AxisUnits of the curve contains|the unit
of measure (e.g. kg) and the emisgionType
is the type of emission (e.g. sulfer lioxide).

netGrgssMWFlag Boolean Flag is set to YES when oditput is
expressed in net MW.

Inherited Attributes

curveStyle CurveStyle Curve

xUnit String Curve

y1Unit String Curve

y2Unit String Curve

mRID String IdentifiedObject

name String IdentifiedObject

localName String IdentifiedObject

pathName String IdentifiedObject

aliasName String IdentifiedObject

description String IdentifiedObject
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0..n  ThermalGeneratingUnit 1 ThermalGenerating A thermal generating unit may
Unit have one or more emission
curves.

Roles Inherited From Curve
1 CurveScheduleDatas 0..n CurveData Curve

Roles Inherited From ldentifiedObject

1..n ModelingAutho

6.10.8

The fo

Native |Attributes
fossilFuelType

fuelColst

fuelDigpatchCost

fuelEijactor

fuelHandlingCost

fuelHeatContenQ

fuelMixture

fuelSujfur

highM

lowMW

Inherited Attributes

mRID
name
localName
pathName
aliasName
description

CostPe used for e
spatching which includes: fug
Sportation cost, and inc
Fitenance cost.

e efficiency factor for the fuel (
in terms of the effective MBtu abso
Handling and processing cost as
with this fuel.

volume) of the given type of fuel.

for the

conomic
el cost,
emental

ber unit)
rbed.
Sociated

The amount of heat (Btu) per weight (or

The amount in percent of the given type of

fuel, when multiple fuels arg being
consumed.

U The fuel's fraction of pollution credit per
unit of heat content (MBtu).

ActivePower The MW output level of the unit at which
the given type of fuel is switched fon. This
fuel (e.g. oil) is sometimes Wsed to
supplement the base fuel (e.g. [coal) at
high MW output levels.

t which

the given type of fuel is switched off. This
fuel (e.g. oil) is sometimes used to
stabilize the base fuel (e.g. coal) at low

MW output levels.

String IdentifiedObject
String IdentifiedObject
String IdentifiedObject
String IdentifiedObject
String IdentifiedObject

String IdentifiedObject
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Native Roles

1 FuelAllocationSchedule 0..n FuelAllocation A fuel allocation schedule must
Schedule have a fossil fuel.

0..n  ThermalGeneratingUnit 1 ThermalGener A thermal generating unit may have
atingUnit one or more fossil fuels.

Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.10.9 FuelAllocationSchedule

The amount of fuel of a given type which is allocated for consumption
of timg.

period

Native [Attributes

fuelAllpcationEndDate AbsoluteDateTime he fuel
fuelAllpcationStartDate AbsoluteDateTime he fuel
fuelType FuelType ptes the

llocated
led time

maxFyelAllocation Float

inimum amount fuel that is gllocated
onsumption for the scheduled time
eriod, e.g. based on a "takg-or-pay"

minFuglAllocation Float

Inherited Attributes

curveStyle Q Curve

xUnit Curve

y1Unit Curve

y2Unit Curve

mRID IdentifiedObject

name IdentifiedObject

localNpme i IdentifiedObject

pathNar IdentifiedObject

aliasNpme IdentifiedObject

description IdentifiedObject

Native| Rolées

0..n [FossilFuel 1 FossilFuel A fuel allocation schedyle must
have a fossil fuel.

0..n  ThermalGeneratingUnit 1 ThermalGenerating A thermal generating unit may

Unit have one or more fuel allocation

schedules.

Roles Inherited From Curve
1 CurveScheduleDatas 0..n CurveData Curve

Roles Inherited From |dentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set
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6.10.10 GeneratingUnit

A single or set of synchronous machines for converting mechanical power into alternating-
current power. For example, individual machines within a set may be defined for scheduling
purposes while a single control signal is derived for the set. In this case, there would be a
GeneratingUnit for each member of the set and an additional GeneratingUnit corresponding to
the set.

Native Attributes

controlDeadband ActivePower Unit control error deadband. When a
unit's desired MW change is less than
this deadband then no control pylses will
be sent to the unit.

contro|PulseHigh Seconds Pulse high limi largest
control pulse thg pond to.

contro|PulseLow Seconds Pulse low i smallest
pond to.

contro|ResponseRate PowerROCPerSec fies the
of one

loading

efficiepcy PU iciehey of\the unit in cgnverting

from thg prime

genControlMode Genera yrit control mode as [Setpoint

genControlSource ce of controls for a gegnerating
it, i.e. Unavailable, Off-AGC, On-AGC,
t Control.

governorMPL Governor Motor Position Limit.
governorSCD Governor Speed Changer Droop.
highCaontrolLimit High limit for secondary (AGC) colntrol.
initialMW Default Initial MW which is used|to store

a powerflow result for the initiall MW for
this unit in this network configurafion.

Low limit for secondary (AGC) control.

Maximum allowable spinning [reserve.
Spinning reserve will never be copsidered
greater than this value regardlegs of the
current operating point.
Maximum high economic MW limit, that
should not exceed the maximum
operating MW limit.

lowCohtrolLimit
maximumAllowah
Reser

ActivePower

maximumOperati ActivePower This is the maximum operating MW limit
the dispatcher can enter for this unit.

minim i imi ust be
greater than or equal to the minimum
operating MW limit.

minimumOperatingMW ActivePower This is the minimum operating MW limit
the dispatcher can enter for this unit.

modelDetail Classification Detail level of the generator model data.

ratedGrossMaxMW ActivePower The unit's gross rated maximum capacity
(Book Value).

ratedGrossMinMW ActivePower The gross rated minimum generation

level which the unit can safely operate at
while delivering power to the
transmission grid.


https://iecnorm.com/api/?name=c5fce4f449dda878a2784f8e1c8b0900

61970-301 © IEC:2009(E)

ratedNetMaxMW

startupTime

autoCntrIMarginMW

allocSpinResMW

ActivePower

Seconds

ActivePower

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

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

The planned unused capacity which can
be used to support automatic control
overruns, in MW.

The planned unused capacity (spinning

reserve) which can e support
baseMW ActivePower value
sepoint,
aple, this
generation
een the
dispReserveFlag Boolean

energyMinMW HeatPerHour

fastStartFlag Boolean

fuelPriority Priority

genOperatingMode control,

C, EDC,
longPk

lowerRampRate

norma|PF

penaltyFactor

raiseRampRate

shortP|F

spinRgserveRa

stepChange ’@

tieLingPF

minimymOffTime Minimum time interval betwegn unit

shutdown and startup.

Inherited Att

mRID IdentifiedObject

name String IdentifiedObject

localNpme String IdentifiedObject

pathName String IdentifiedObject
aliasNpme String IdentifiedObject
descriptian String IdentifiedObject

Native Roles

1 GenUnitOpCostCurves  0..n GenUnitOpCostCurve A generating unit may have
one or more cost curves,
depending upon fuel mixture
and fuel cost.

1 GenUnitOpSchedule 0..1 GenUnitOpSchedule A generating unit may have
an operating schedule,
indicating the planned
operation of the unit.

1 GrossToNetMWCurves  0..n GrossToNetMWCurve A generating unit may have a

gross MW to net MW curve,
describing the losses and
auxiliary power requirements
of the unit.
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0..n  SubControlArea 0.1 SubControlArea A GeneratingUnit injects
energy into a
SubControlArea.

0..1  Contains_Synchronous 1..n  SynchronousMachine A synchronous machine may

Machines operate as a generator and

as such becomes a member
of a generating unit.

Roles Inherited From Equipment

0..n  MemberOf_Equipment 0..1 EquipmentContainer Equipment

Container

Roles |nherited From PowerSystemResource

0..n |OperatedBy Companies  0..n Company

0..n |PSRType 0..1 PSRType

1 Contains_Measurements  0..n Measurement

1 OutageSchedule 0..1 OutageSchedule

Roles [nherited From |dentifiedObject

1..n |ModelingAuthoritySet  0..1 M

6.10.1

Relatic -axis).

The o 5. The

operat water

costs.

Native

netGrg Flag is set to YES when olitput is

expressed in net MW.

Inherit

curve§ CurveStyle Curve

xUnit String Curve

y1Unif String Curve

y2Unif String Curve

mRID String IdentifiedObject

name String IdentifiedObject

localName String fdentifredObject

pathName String IdentifiedObject

aliasName String IdentifiedObject

description String IdentifiedObject

Native Roles

0..n  GeneratingUnit 1 GeneratingUnit A generating unit may have one or

Roles Inherited From Curve

1

CurveScheduleDatas

0..n

more cost curves, depending upon
fuel mixture and fuel cost.

CurveData Curve
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Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject
Set

6.10.12 GenUnitOpSchedule

The generating unit's Operator-approved current operating schedule (or plan), typically
produced with the aid of unit commitment type analyses. The X-axis represents absolute time.
The Y1-axis represents the status (0O=off-line and unavailable: 1=available: 2=must run:
3=must run at fixed MW value: etc.). The Y2-axis represents the must run fixed MW value
where [FequiTed:

Inherited Attributes

timeStep Seconds S¢hedule
endTime AbsoluteDateTime hedule
startTime AbsoluteDateTime dule
value1Unit String }dule
valueZUnit String dule
mRID String

name String IdgntifiedObject
localNpme String dentifiedObject
pathName String IdentifiedObject
aliasNpme Strin IdentifiedObject
description String IdentifiedObject

Native| Roles

0..1 GeneratingUnit A generating unit may have an
operating schedule, indicating the

planned operation of the un|t.

Roles |Inherited From

TimePoin@

RegularintervalSchedule

Roles

Roles

1..n ModelingAuthority IdentifiedObject

Set

6.10.18 GrossToNetMWCurve

Relationship between the generating unit's gross MW output on the X-axis (measured at the
terminals of the machine(s)) and the generating unit's net MW output on the Y-axis (based on
utility-defined measurements at the power station). Station service loads, when modeled,
should be treated as non-conforming bus loads. There may be more than one curve,
depending on the auxiliary equipment that is in service.

Inherited Attributes

curveStyle CurveStyle Curve

xUnit String Curve

y1Unit String Curve

y2Unit String Curve

mRID String IdentifiedObject
name String IdentifiedObject
localName String IdentifiedObject

pathName String IdentifiedObject
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aliasName String
description String
Native Roles

0..n  GeneratingUnit 1

Roles Inherited From Curve
1 CurveScheduleDatas 0..n
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IdentifiedObject
IdentifiedObject

GeneratingUnit A generating unit may have a gross
MW to net MW curve, describing
the losses and auxiliary power

requirements of the unit.

CurveData Curve

Roles [nherited From |dentifiedObject

1..n |ModelingAuthoritySet  0..1
6.10.1¢ HeatlnputCurve
Relationship between unit heat input

suppldmental fuel (Y2-axis) versus unit output in M
to sustain generation at this output level is pro
The quantity of supplemental fuel used’akthis A

Native |Attributes
auxPowerOffset

auxPowerMult

heatInputEff

heatlnoutOffsetQ

ModelingAuthority Identified

Set

in MBtu fuel (Y1-axig) and
tity of main fudl used

boints.

I offset

ower output - auxiliary power multiplier
adjustment factor in per unit.

Heat input - efficiency multiplier ad
factor in per unit.

Heat input - offset adjustment factor in

ustment

MBtu/h.
netGrgssMWFlag Flag is set to YES when oditput is
expressed in net MW.

Inherited Att,
curve§ty CurveStyle Curve
xUnit String Curve
y1Unit String Curve
y2Unit String Curve
mRID String IdentifiedObject
name String IdentifiedObject
localName Q’rring Idnnfifipdnhjpr‘f
pathName String IdentifiedObject
aliasName String IdentifiedObject
description String IdentifiedObject
Native Roles
0..1 ThermalGeneratingUnit 1 ThermalGenerating A thermal generating unit may

Unit have a heat input curve.
Roles Inherited From Curve
1 CurveScheduleDatas 0..n CurveData Curve
Roles Inherited From |dentifiedObject
1..n  ModelingAuthoritySet  0..1 ModelingAuthority IdentifiedObject

Set
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6.10.15 HeatRateCurve
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Relationship between unit heat rate in MBtu/h per MW (Y-axis) and unit output in MW (X-
axis). The heat input is from all fuels.

Native Attributes
netGrossMWFlag

Boolean Flag is set to YES when output is
expressed in net MW.

Inherited Attributes

curve3tyle CurveStyle
xUnit String
y1Unit String
y2Unit String
mRID String
name String
localNpme String
pathName String
aliasNpme String
description String IdgntifiedObject

Native| Roles

0..1 ThermalGeneratingUnit 1

Roles |Inherited From Curve
1 CurveScheduleDatas 0..n

Roles Inherited From |

Mode/ing@o

6.10.1

Relatiq
meterg.
as foll

Where: (E=%) (P=MW) (H=m) (Q=m3/s) (K=constant)

zf&&rati o] Q hefmal generating upit may

ave a heat rate curve.

Curve

gAuthority IdentifiedObject

¢iency in percent and unit output in MW for a given net Head in
tween efficiency, discharge, head, and power output is expfessed

For example, a curve instance for a given net head could relate efficiency (Y-axis) versus MW
output (X-axis) or versus discharge on the X-axis.

Inherited Attributes

curveStyle
xUnit
y1Unit
y2Unit
mRID
name
localName
pathName
aliasName
description

CurveStyle Curve
String Curve
String Curve
String Curve
String IdentifiedObject
String IdentifiedObject
String IdentifiedObject
String IdentifiedObject
String IdentifiedObject

String IdentifiedObject
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Native Roles

0..n  HydroGeneratingUnit 1 HydroGenerating A hydro generating unit
Unit efficiency curve.

Roles Inherited From Curve

1 CurveScheduleDatas 0..n CurveData Curve

Roles Inherited From ldentifiedObject

1..n  ModelingAuthoritySet  0..1 ModelingAuthority

Set

IdentifiedObject

6.10.1) HydroGeneratingUnit

A gengrating unit whose prime mover is a hydraulic turbine (e.g

Native Attributes
hydroUnitWaterCost Float

Inherited Attributes

contro|Deadband
contro|PulseHigh
contro|PulseLow
contro|ResponseRate
efficiepcy
genCantrolMode
genCantrolSource
governorMPL

governorSCD
highControlLimi

GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit

etivePower
ActivePower
ActivePower

ratedNetMaxMW

ActivePower
ActivePower
ActivePower
ActivePower
Classification
ActivePower
ActivePower
ActivePower

GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit

startupTime

autoCntrIMarginMW

allocSpinResMW
baseMW

Seconds

ActivePower
ActivePower
ActivePower

GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit

dispReserveFlag Boolean GeneratingUnit
energyMinMW HeatPerHour GeneratingUnit
fastStartFlag Boolean GeneratingUnit
fuelPriority Priority GeneratingUnit
genOperatingMode GeneratorOperatingMode GeneratingUnit
longPF ParticipationFactor GeneratingUnit
lowerRampRate PowerROCPerMin GeneratingUnit
normalPF ParticipationFactor GeneratingUnit

penaltyFactor
raiseRampRate
shortPF
spinReserveRamp

PenaltyFactor
PowerROCPerMin
ParticipationFactor
PowerROCPerMin

GeneratingUnit
GeneratingUnit
GeneratingUnit
GeneratingUnit

61970-301 © IEC:2009(E)

has an

ives the
s/h) per
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