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Foreword

The text of document 57/1395/FDIS, future edition 5 of JEC 61970-301], prepared by IEC TC 57 "Power
systems management and associated information exchange" was submitted to the IEC-CENELEC
parallel vote and approved by CENELEC as EN 61970-301:2014.

The following dates are fixed:

e latest date by which the document has (dop) 2015-01-18
to be implemented at national level by
publication of an identical national
standard or by endorsement

e latest date by which the national (dow) 2017-01-17
standards conflicting with the
document have to be withdrawn

This document supersedes EN 61970-301:2013.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent
rights.

This document has been prepared under a mandate given to CENELEC by the European Commission
and the European Free Trade Association.

Endorsement notice

The text of the International Standard JEC 61970-301:2013 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standards indicated:

EC 61968-11 NOTE Harmonised in EN 61968-11.
EC 61970-501 NOTE Harmonised as EN 61970-501].
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

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

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD

applies.
Publication Year Title EN/HD Year
IEC 60050 (Series) International Electrotechnical Vocabulary -
(IEV)
IEC 60870-6 (Series) Telecontrol equipment and systems - EN 60870-6 (Series)
Part 6-802: Telecontrol protocols compatible
with ISO standards and ITU-T
recommendations - TASE.2 Object models
IEC 61850 (Series) Communication networks and systems for EN 61850 (Series)
power utility automation
EC 61850-7-3 2010 Communication networks and systems for N 61850-7-3 2011

power utility automation -
Part 7-3: Basic communication structure -
Common data classes

2010 Communication networks and systems for 2010
power utility automation -
Part 7-4: Basic communication structure -
Compatible logical node classes and data
object classes

IEC 61968 (Series) Application integration at electric utilities - EN 61968 (Series)
System interfaces for distribution
management

EC/TS 61970-2 Energy management system application CLC/TS 61970-2

program interface (EMS-API) -
Part 2: Glossary

IEC 62325 (Series) Framework for energy market EN 62325 (Series)
communications
UML 2.0 - Object Object Management Group: UML 2.0 - -
Group Management Specification
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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 principal
objectives of the EPRI CCAPI project were to:

e reduce the cost and time needed to add new applications to an EMS;

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

The principal objective of the IEC 61970 series of standards is to produce standards which
facilitate the integration of EMS applications developed independently by different vendors,
between entire EMS systems developed independently, or between an EMS system and other
systems concerned with different aspects of power system operations, such as generation or
distribution management systems (DMS). This is accomplished by defining application
program interfaces to enable these applications or systems access to public data and
exchange information independent of how such information is represented internally.

The common information model (CIM) specifies the semantics for this APIl. The component
interface specifications (CIS), which are contained in other parts of the IEC 61970 standards,
specify the content of the messages exchanged.

The CIM is an abstract model that represents all the major objects in an electric utility
enterprise typically needed to model the operational aspects of a utility. This model includes
public classes and attributes for these objects, as well as the relationships between them.

The objects represented in the CIM are abstract in nature and may be used in a wide variety
of applications. The use of the CIM goes far beyond its application in an EMS. This standard
should be understood as a tool to enable integration in any domain where a common power
system model is needed to facilitate interoperability and plug compatibility between
applications and systems independent of any particular implementation.

This standard, , defines the CIM base set of packages which provide a logical
view of the functional aspects of an energy management system including SCADA. Other
functional areas are standardized in separate IEC documents that augment and reference this
base CIM standard. For example, addresses distribution models and references
this base CIM standard. While there are multiple IEC standards dealing with different parts of

the CIM, there is a single, unified information model comprising the CIM behind all these
individual standards documents.

The International Electrotechnical Commission (IEC) draws attention to the fact that it is
claimed that compliance 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
database. 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.

The IEC takes no position concerning the evidence, validity and scope of this patent right.

The holder of this patent right has assured the IEC that he/she is willing to negotiate licences
either free of charge or under reasonable and non-discriminatory terms and conditions with
applicants throughout the world. In this respect, the statement of the holder of this patent right
is registered with IEC. Information may be obtained from:

ICL

Wenlock Way D
ocuments
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Manchester
M12 5DR
United Kingdom (U.K.)

Attention is drawn to the possibility that some of the elements of this document may be the
subject of patent rights other than those identified above. IEC shall not be held responsible for
identifying any or all such patent rights.

ISO (www.iso.org/patents) and IEC (http://www.iec.ch/tctools/patent_decl.htm) maintain on-
line data bases of patents relevant to their standards. Users are encouraged to consult the
data bases for the most up to date information concerning patents.
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ENERGY MANAGEMENT SYSTEM APPLICATION
PROGRAM INTERFACE (EMS-API) -

Part 301: Common information model (CIM) base

1 Scope

The common information model (CIM) is an abstract model that represents all the major
objects in an electric utility enterprise typically involved in utility operations. By providing a
standard way of representing power system resources as object classes and attributes, along
with their relationships, the CIM facilitates the integration of Energy Management System
(EMS) applications developed independently by different vendors, between entire EMS
systems developed independently, or between an EMS system and other systems concerned
with different aspects of power system operations, such as generation or distribution
management. SCADA is modeled to the extent necessary to support power system simulation
and inter-control center communication. The CIM facilitates integration by defining a common
language (i.e. semantics) based on the CIM to enable these applications or systems to access
public data and exchange information independent of how such information is represented
internally.

The object classes represented in the CIM are abstract in nature and may be used in a wide
variety of applications. The use of the CIM goes far beyond its application in an EMS. This
standard should be understood as a tool to enable integration in any domain where a common
power system model is needed to facilitate interoperability and plug compatibility between
applications and systems independent of any particular implementation.

Due to the size of the complete CIM, the object classes contained in the CIM are grouped into
a number of logical Packages, each of which represents a certain part of the overall power
system being modeled. Collections of these Packages are progressed as separate
International Standards. This particular International Standard specifies a Base set of
packages which provide a logical view of the functional aspects of Energy Management
System (EMS) information within the electric utility enterprise that is shared between all
applications. Other standards specify more specific parts of the model that are needed by only
certain applications. Subclause 4.2 below provides the current grouping of packages into
standards documents.

2 Normative references

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

IEC 60050 (all parts), International Electrotechnical Vocabulary (IEV)
http://www.electropedia.org

IEC 60870-6 (all parts), Telecontrol equipment and systems — Part 6: Telecontrol protocols
compatible with ISO standards and ITU-T recommendations

IEC 61850 (all parts), Communication networks and systems for power utility automation

IEC 61850-7-3:2010, Communication networks and systems for power utility automation —
Part 7-3: Basic communication structure — Common data classes
Documents
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IEC 61850-7-4:2010, Communication networks and systems for power utility automation —
Part 7-4: Basic communication structure — Compatible logical node classes and data object
classes

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

IEC/TS 61970-2, Energy management system application program interface (EMS-API) —
Glossary

IEC 62325 (all parts), Framework for energy market communications

Object Management Group: UML 2.0 Specification — http://www.omg.org

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050 and
IEC/TS 61970-9 apply, as well as the following.

3.1

energy management system

EMS

computer system comprising a software platform providing basic support services and a set of
applications providing the functionality needed for the effective operation of electrical
generation and transmission facilities so as to ensure adequate security of energy supply at
minimum cost

3.2

application program interface

API

the set of public functions provided by an executable application component for use by other
executable application components

3.3

unified modeling language

UML

formal and comprehensive descriptive language with diagramming techniques used to
represent software systems, from requirements analysis, through design and implementation,
to documentation

Note 1 to entry: UML has evolved from a collection of methods contributed by different practitioners, into an
International Standard. The CIM relies on UML for defining the model, and automated tools generate the
documentation, schemas, and other artifacts directly from the UML. A basic understanding of UML is necessary to
understand the CIM.

3.4

profile

subset of DCIM classes, associations and attributes needed to accomplish a specific type of
interface

Note 1 to entry: It may be expressed in XSD, RDF, and/or OWL files. A profile can be tested between
applications. A profile is necessary in order to “use” the DCIM. Several profiles are defined in other parts of the
IEC 61968 series of standards.
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4 CIM specification

4.1 CIM modeling notation

The CIM is defined using object-oriented modeling techniques. Specifically, the CIM
specification uses the Unified Modeling Language (UML) notation, which defines the CIM as a
group of packages.

Each package in the CIM contains one or more class diagrams showing graphically all the
classes in that package and their relationships. Each class is then defined in text in terms of
its attributes and relationships to other classes.

The UML notation is described in Object Management Group (OMG) documents and several
published textbooks.

4.2 CIM packages

The CIM is partitioned into a set of packages. A package is a general purpose means of
grouping related model elements. The packages have been chosen to make the model easier
to design, understand and review. The common information model consists of the complete
set of packages. Entities may have associations that cross many package boundaries. Each
application will use information represented in several packages.

The comprehensive CIM is partitioned into groups of packages for convenience in managing
and maintaining them. Packages included in JEC 61970-301 (this document) are contained
within the IEC 61970 package. The IEC 61970 packages do not depend upon other outside
packages. As shown in Figure 1, the IEC 61970 package and its subpackages are used as a
core or base model for other CIM packages. The dashed lines indicate dependency
relationships, with the arrowhead pointing from the dependent package to the package on
which it has a dependency. Packages for the IEC 61968 series of standards describe
additional parts of the CIM that deal with other logical views of utility operations including
assets, locations, activities, consumers, documentation, work management, and metering.
Packages for the IEC 62325 series of standards describe electric energy markets.
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Figure 1 — Example of working group package dependencies

Note that the package boundaries do not imply application boundaries. An application may
use CIM entities from several packages. It is also anticipated CIM packages outside of this

standard will have dependencies upon some of the packages described in this standard, and
particularly the Domain and Core packages, though other dependencies will also exist.

Figure 2 shows the packages defined for JEC 61970-301 CIM Base and their dependency

relationships.

Documents

Document Sharing Hub

Full document details: BS EN 61970-301:2014


http://dx.doi.org/10.3403/03020094U
http://www.avadocuments.com/doc/bs-en-61970-301-2014
http://www.avadocuments.com/doc/bs-en-61970-301-2014

BS EN 61970-301:2014
61970-301 © IEC:2013 - 35—

IECE1970CIMVersion

+ date :Date [0..1] = 2011-09-09 {readOnly}
+ wersion :String [0..1] = IECE1970CIM15v33 {readOnly!

LoadModel Outage Protection

-
i

/
s Ceneration
£
P I GenerationDynamics | Production
Fa =1 1

I
i

Fd
.

P -
5 ’ -~ {from Generation) _ = o 4 reration)
-
% ; - .
\ | ’ - 7 - /
-
R / b - - ;
- - ;
Wires ",’ e ,
s -
Equivalents = v - ;
- - }
=

T [Controlarea |

s
\ /, r SCADA
#

s
\ ' /
s ~
OperationalLimits Topology “ -7

= ~ - — — — _ | AuxiliaryEquipment |
- i ﬂ—|.
- \ Domain ‘
Contingency DiagramlLayout

Figure 2 — CIM JEC 61970-301 package diagram

Clause 6 contains the specification for each of the CIM Base packages.

NOTE The contents of the CIM defined in this specification were auto-generated from the CIM UML electronic
model release IEC61970CIM15v33, which is available through the CIM Users Group.

4.3 CIM classes and relationships

4.3.1 Classes

The class diagram(s) for each CIM package shows all the classes in the package and their

relationships. Where relationships exist with classes in other packages, those classes may
also be shown.

Classes and objects model what is in a power system that needs to be represented in a
common way to power system applications. A class is a description of an object found in the
real world, such as a power transformer, generator, or load that needs to be represented as
part of the overall power system model in, for example, an EMS. Other types of objects
include things such as schedules and measurements that EMS applications also need to

process, analyze, and store. Such objects need a common representation_to dJ@@Uments
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purposes of the EMS-API standard for plug-compatibility and interoperability. A particular
object in a power system with a unique identity is modeled as an instance of the class to
which it belongs.

It should also be noted that the CIM is defined to facilitate data exchange. As defined in this
document, CIM entities have no behaviour. For a specific interface, a profile is defined
consisting of subsets of CIM classes, attributes, and associations. A profile defines the
message payload for an interface.

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 (CIM class Integer), Float (CIM class Float), Boolean (CIM class Boolean), String
(CIM class String), Date (CIM class Date), and Decimal (CIM class Decimal), which are called
primitive types. However, many additional types are defined as part of the CIM specification.
For example, ShuntCompensator has a "maxU" attribute of type voltage (CIM class Voltage).
The definition of many shared types is contained in the Domain package described in 6.3. The
UML stereotypes of Primitive, enumeration, CIMDatatype, and Compound are added to
classes used as types. The CIMDatatype stereotype is used with a specific CIM semantics for
a triple of attributes {value, unit, multiplier}, which implies custom mapping to serialization
artifacts such as RDFS, OWL, and XSD. Classes with these stereotypes do not participate in
generalization or association relationships and are simply used as types for attributes. The
enumeration stereotype is used to describe an attribute with an enumerated list of choices.
The Compound stereotype is used to describe sets of related attributes that are commonly
reused. Compound classes may consist of Primitive, enumeration, CIMDatatype or other
Compound classes as long as the Compound classes do not recurse.

All CIM attributes are implicitly optional in the sense that profiles using the CIM may eliminate
any attributes.

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 subclauses below.

4.3.2 Generalization

A generalization is a relationship between a more general and a more specific class. The
more specific class can contain only additional information. Generalization provides for the
specific class to inherit attributes and relationships from all the more general classes above it.

Figure 3 is an example of generalization. In this example taken from the Wires package, a
Breaker is a more specific type of ProtectedSwitch, which in turn is a more specific type of
Switch, which is a more specific type of ConductingEquipment, etc. A PowerTransformer is
another more specific type of ConductingEquipment. Note that PowerSystemResource inherits
from class IdentifiedObject which is not on the diagram so IdentifiedObject is shown in italic
type in the upper right corner of class PowerSystemResource.
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IdentifiedOhject

Core::PowerSystemResource

?

Core::Equipment

T

Core:

ConductingEquipment

7

Wires::Switch

1

Wires::ProtectedSwitch

¢

Wires::Breaker

Figure 3 — Example of generalization

4.3.3 Simple association

An association is a conceptual connection between classes. Each association has two
“association ends”. The “association ends” were called “roles” prior to the UML 2.0
specification. Each association end describes the role the target class (i.e., the class the
association end goes to) has in relation to the source class (i.e., the class the association end
goes from). Association ends are usually given the name of the target class with or without a
verb phrase. Each association end also has multiplicity/cardinality, which is an indication of
how many objects may participate in the given relationship. In the CIM, associations are not
named, only association ends are named. For example, as shown by Figure 4, in the CIM
there is an association between class BaseVoltage and class VoltagelLevel. Multiplicity is
shown at both ends of the association. In this example, a VoltageLevel object may reference 1
BaseVoltage, and a BaseVoltage may be referenced by 0 or more VoltagelLevel objects.

An example of a simple association.
Voltagelevel objects are assigned to a
BaseVoltage but are not contained or
aggregated intoc the BaseVoltage.

IdentifiedObject| +BaseVoltage +Voltagelevel EguipmentContainer
Core::BaseVoltage

1 3 Core:-VoltageLewvel

Figure 4 — Example of simple association

43.4 Aggregation

Aggregation is a special case of association. Aggregation indicates that the relationship
between the classes is some sort of whole-part relationship, where the whole cla@bwments
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of” or “contains” the part class, and the part class is “part of” the whole class. The part class
does not inherit from the whole class as in generalization. Figure 5 illustrates an aggregation
between the EquipmentContainer class and the Equipment class, which is taken from the
Core package. As shown, an Equipment can be a member of zero or one EquipmentContainer
objects, but an EquipmentContainer object can contain any number of Equipment objects. In
the context of using CIM as an information model, aggregation does not have a precise or
formal interpretation beyond a simple association and is intended to visually assist in
representing normal usage.

An example of an aggregation association. Here
Equipment objects are optionally aggregated into an
EquipmentContainer chject.

CannectivityNodeContainer

+EquipmentContainer ~EQUIPMENtS | oy rS) s temResource

Core: )
EquipmentContainer 0.1 p.~| Core:Equipment

Figure 5 — Example of aggregation

4.4 CIM model concepts and examples
4.4.1 Concepts

The CIM classes, attributes, types, and relationships are specified in Clauses 5 and 6. Clause
6 comprises a complete description of the JEC 61970-301 CIM Base model. To help
understand how to interpret the CIM, some key model concepts used in the CIM are
introduced and described in the following subclauses.

4.4.2 Containment, equipment hierarchies and naming
4.4.2.1 Containment structure

Figure 6 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
turn is contained within a Substation. Substations and Lines may be contained within
SubGeographicRegions and GeographicRegions.
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o +Bays

Core:
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Figure 6 — Equipment containers

The diagrams NamingHierarchyPart1 and NamingHierarchyPart2 in the Wires package show
the functional naming hierarchy (refer to the Wires package documentation in 6.8 for the
details).

One containment hierarchy is used with the IdentifiedObject class to create hierarchical
naming intended for human consumption. This 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.
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4.4.2.2 IdentifiedObject class

The IdentifiedObject class contained in the Core package is inherited by all
PowerSystemResource and many other classes. This class has attributes and associations to
be used for naming all CIM objects. The mRID attribute of the IdentifiedObject class provides
a straight forward and rigorous means of identity for CIM objects.

The following are definitions and conventions for how to use the IdentifiedObject attributes
when naming PowerSystemResource objects (for more details, refer to documentation for
IdentifiedObject and its attributes in Clause 6):

e mRID (Master Resource ID): A globally unique machine-readable identifier for an
object instance.

e name: The name is any free human readable and possibly non-unique text naming the
object.

e aliasName: This attribute is deprecated and the Name classes of 4.4.3 provide a better
alternative. The aliasName is free text human readable name of the object alternative
to IdentifiedObject.name. It may be non-unique and may not correlate to a naming
hierarchy. The attribute aliasName is retained because of backwards compatibility
between CIM releases. It is however recommended to replace aliasName with the
Name class as aliasName is planned for retirement at a future time.

4.4.3 Names model

A flexible and extensible naming model is provided to specify alternate names for objects.
Figure 7 shows the class diagram for alternate names and how they can be associated to a
specific user defined name type. This model allows for specific definition of names within a
particular domain and enforces no specific naming rules. The concepts of alias names, path
names, and local names can all be accommodated by this model. The CIM models do not
enforce or promote specific naming conventions, but allow for such naming conventions to be
exchanged in a clear context.

IdentifiedObject

+ aliasName :String [0..1]
+ mRID String [0..1]
+ name String [0.1]

+ldentifiedObject| 1

+Mames 0.7
Name +Mames ; NameType +NameTypes o NameTypeAuthority
+ name :String [0..1] 0.~ +MameType| + description :String [0.1] [ = " - + description :String [0..1]
+ name :String [0.1] - NameTvpehuthoricy | . name :String [0..1]
Figure 7 — Names
Table 1 — NameType class nhaming conventions
name description
ICCP Reserved for ICCP (TASE-2) names. Used to describe ICCP point names for

the MeasurementValue class and ICCP source names for the
MeasurementValueSource class.

Table 1 describes various name conventions for name types. The meanings of the columns in
Table 1 are as follows:

name: The name attribute value.
description: The use of the name type.
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Note that Table 1 is not an exhaustive list of values that can be used for the name attribute of
the class Name.

4.4.4 Connectivity model
4.4.4.1 Connectivity description

Figure 8 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.

Core::
IdentifiedObject

7

Core:: Meas::
PowerSystemResource Measurement
K +Measurements 0.~
0.1 +Terminal
Core:
Equipment Core: 1. +Terminal

~Terminals Terminal
-
/0”- ™ +Terminal +BusMameMarker
+ConductingEquipment 1 +Terminals U--"\ 0 'I\
| -
0.

BusNameMarker|

Core:
IConductingEquipment
+ConnectivityMode | 0..1

Bus/Branch bus
naming specificaiton
static model.

Core:

+CennectivityNedes g~ | ConnectivityNode )_____________-—-—-—-—
,_-—"'_'-'_.-'

+ConnectivityModeContainer -

Cora:- 1 +ConnectivityModes | 0.% .
ConnectivityNodeContainer +TopalogicalNode | g 1 Swit_ch_-‘Nnde
a.1 static Model
0.1

+TopclogicalNode ~TonclogicalNod
+ConnectivityNodeContainer o t':r/” cpologicaiiiode
[TopologicalNode[—
+TopologicalModes | 1..% 0.1 el .
Core:: +AngleRef_TopologicalNode Buls_ E:ran:h del
EquipmentContainer calculated Model

+Topolagicallsland | 1

0.1 +AngleRef_Topologicallsland

Topologicalisland

ControlArea::ControlArea

=+ netinterchange :ActivePower [0..1]
+ pTolerance :ActivePower [0..1]
+ type :Control&reaTypeKind [0..1]

Figure 8 — Connectivity model

To model connectivity, Terminal and ConnectivityNode 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 Topoloﬁcca)lgﬁr}%ents
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TopologicalNodes and Topologicallslands are created as a result of a topology processor
evaluating the “as built” topology and the actual Switch positions.

It is possible to exchange messages directly involving TopologicalNode and bypassing the
ConnectivityNode details by using the TopologicalNode to Terminal association. This is often
useful for exchanges involving bus/branch models which do not typically contain switch detail.
When the TopologicalNode model is exchanged it is useful to also exchange the “connected”
attribute on the Terminal class. This allows for the topological structure of the bus/branch
model to be retained, yet indicate a terminal is not completely connected. Normally this
disconnection is the result of one or more switches opening in the detailed model which is not
represented in a bus/branch model exchange.

EquipmentContainers, which are a specialization of a ConnectivityNodeContainer, 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 ConductingEqupment
object(s) that are electrically connected. Similar connectivity at the “bus/branch” level of detail
can be expressed using the TopologicalNode instead of the ConnectivityNode. The
BusNameMarker class, which has an association to ConnectivityNode, is used to carry user
bus names to be applied to TopologicalNodes. TopologicalNodes are created from
ConnectivityNodes as a result of topology processing and various names might be applied
depending upon which ConnectivityNode instances are present.

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 8, 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.

Clause 6 contains a complete description of each class in Figure 8 along with the definition of
all the attributes and relationships supported in each class.

4.4.4.2 Connectivity and containment example

To illustrate how the connectivity model and containment model would appear as objects, a
small example is presented in Figure 9. The example shows a transmission line with a T-
junction spanning two substations and a substation having two voltage levels with a
transformer between them. The transmission line consists of two different cables. One of the
voltage levels is shown with a busbar section having a single busbar and two very simple
switchgear bays connecting to the busbar.
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Figure 9 — Simple network example

Figure 10 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 10. 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, VoltagelLevel 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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Figure 10 — Simple network connectivity modeled with CIM Topology

The Line SS1-SS2 contains three ACLineSegments (Cable1, Cable2, and Cable3) and
associated ConnectivityNode (CN2) to model a T junction, which provides a connection to
SS4. This represents just one way that this configuration could be modeled. Each
ACLineSegment has two Terminals. Cable1 is connected to CN3 and CN2 via these
Terminals. CN3 is contained by the VoltageLevel 400 kV. The breaker BR1 has two terminals
of which one is connected to CN3.

Measurements are represented by square callouts where the arrow points to a Terminal. P1 is
connected to the right Terminal belonging to Breaker BR1. Note that P1 is drawn inside the
box representing BR1. This is because a Measurement may belong to a
PowerSystemResource (PSR), as is the case with BR1. P2 is drawn inside the VoltageLevel
400 kV, which means it belongs to the 400 kV VoltagelLevel instead of BR3.

4.4.5 Inheritance hierarchy

Figure 11 shows an overview of the inheritance hierarchy modeled in the CIM. This overview,
which is included as one of the Wires package diagrams, spans several of the CIM packages.
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Figure 11 — Equipment inheritance hierarchy

4.4.6 Transformer model

Figure 13 shows a portion of the Wires package in a class diagram which models a
PowerTransformer device.

The transformer model has been revised from previous versions to allow for use of the same
instance model in both balanced and unbalanced models. Additionally the PowerTransformer
itself is now a ConductingEquipment with potentially multiple terminals to more directly model
transformers with one, two, three, or more terminals. As typical of ConductingEquipment,
when in service, the PowerTransformer conducts power from one of its terminals tomeﬂments
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As shown in Figure 12, the PowerTransformer is also able to optionally model tank details,
which can be used to describe in detail the transformer internal winding phase connections
and imbalances. In all cases a PowerTransformer models a group of physical devices acting
together to transform power among terminals and in one physical location. Often for
transmission systems three physical, single phase devices are represented by one
PowerTransformer instance. If detail of the individual single phase devices were required, the
TransformerTank objects should additionally be modeled.

Implicit internal star node for
PowerTransformer

PowerTransformer

Implicit internal star node for
Tank

Figure 12 — Transformer and Tank model

Both a PowerTransformer and a TransformerTank can have impedance described in either an
assumed star connection with implied center connection or with mesh impedance form by
using the optional TransformerMeshimpedance class. The mesh form of impedance is
required to accurately model transfromers with more than three terminals. If using the mesh
impedance form, you would specify a TransformerMeshlmpedance class for each possible
terminal to terminal connection, thus one instance for two terminals, three for three terminals,
and six for four terminals and so on. If using the star connection, the impedance parameters
can be specified directly on the PowerTransformerEnd class, or altnatively shared among
transformers using the TransformerStarimpedance class.

As shown, a PowerTransformer is a specialized class of ConductingEquipment, which is a
specialized class of Equipment. This is shown by the use of the generalization-type of
relationship, which uses an arrow to point to the general class. The ConductingEquipment is
shown to be a specialized class of Equipment by use of the italic “Equipment’ class name in
the upper right corner. The inheritance permits the PowerTransformer to inherit attributes
from ConductingEquipment, Equipment, and all generalizations of Equipment that are not
shown in this diagram.

A PowerTransformer also has relationships to PowerTransformerEnd and TransformerTank
which are modeled with association type relationships. As shown, a PowerTransformer may
associate zero or more PowerTransformerEnds, but a PowerTransformerEnd may associate
to only zero or one PowerTransformer. Simlarly, the PowerTransformer may associate to zero
or more TransformerTank objects, but a TransformerTank may associate to only zero or one
PowerTransformer object.
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The PowerTransformerEnd specializes the TransformerEnd class which has other
relationships as well:

e a generalization relationship with IdentifiedObject;

e two association relationships with the TransformerMeshimpedance class, such that a
TransformerEnd object may be “From” 0, 1, or more TransformerMeshimpedance
objects and To 0, 1, or more TransformerMeshimpedance objects;

e aggregation relationships with the PhaseTapChanger and RatioTapChanger classes,
such that a TransformerWinding object may have 0 or 1 PhaseTapChanger objects and
0 or 1 RatioTapChanger objects associated with it.

Clause 6 contains a complete description of each class in Figure 13 along with the definition
of all the attributes and relationships supported in each class.

IdentifiedObject -
Equiprrent
Core::Terminal .
+Terminals Core::
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4.4.7 Transformer tap modeling
4.4.71 Generalized tap modeling

Multiple types of transformer tap models are supported by the CIM model. Depending on the
physical construction, the effects of tap movement will be defined using either the
RatioTapChanger class or the PhaseTapChanger class and its various specializations. The
PhaseTapChanger can be specialized into a number of different types representing the
physical construction and hence behaviour. The attributes of TapChanger are applicable for
all the RatioTapChanger specializations. Figure 14 shows the UML model for the transformer

taps.
FowerSystemResource
RegulatingControl
+ discrete :Boolean [0..1]
FowerSystemResource + mode :RegulatingControlModeKind [0..1]

Core::Equipment + maonitoredPhase :PhaseCode [0..1]
+ targetRange :Float [0..1]

+ targetValue :Float [0..1]
+TapChanger A \ 1
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Core--  — TapChanger +RegulatingControl
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1
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=+ lineDropX :Reactance [0..1]

+ reverselineDropR :Resistance [0..1]

+ reverselineDropX :Reactance [0..1]

PowerTransformerEnd

+PhaseTapChanger =RaticTapChanger
| 0.1 0.1
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1.." | +PhaseTapChangerTabularPeoint
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-+ angle :AngleDegrees [0..1] PhaseTapChangerLinear

+ b :PerCent[0.1] + stepPhaseshiftincrement :AngleDegrees [0..1]
+ g :PerCent[0.1]
+ r :PerCent [0..1]
=+ step :Integer [0..1]
+ x :PerCent [0.1]

+RatioTapChangerTabularPoint
| -
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+ b :PerCent[0.1]
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PhaseTapChangerNonLinear + r :PerCent[0..1]
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Figure 14 — Transformer tap model
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