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Foreword

The text of document 57/1295/FDIS, future edition 2 of IEC 61968-11, 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 61968-11:2013.

The following dates are fixed:

latest date by which the document has (dop) 2014-01-10
to be implemented at national level by

publication of an identical national

standard or by endorsement

latest date by which the national (dow) 2016-04-10
standards conflicting with the

document have to be withdrawn

This document supersedes EN 61968-11:2010.

EN 61968-11:2013 includes the following significant technical changes with respect to EN 61968-11:2010:

Introduction of new classes to support flexible naming of identified objects (new classes available in
base CIM, EN 61970-301).

Introduction of new classes to support single line diagrams exchange (new classes available in base
CIM, EN 61970-301).

Consolidated transmission and distribution models for lines, transformers, switching, sensing and
other auxiliary equipment (some Ed.1 classes slightly changed and moved from DCIM to base CIM,
EN 61970-301, other new classes available in base CIM, EN 61970-301).

Support for separate phase definitions, typically needed for unbalanced network modelling (new
classes available in base CIM, EN 61970-301).

Support for temporary network changes through models of cuts, jumpers and clamps (new classes
available in base CIM, EN 61970-301).

Flexible model for organisations and their roles.

Support for coordinate systems in description of geographical locations.

Support for configuration events tracking.

Lightweight model for assets and asset catalogues.

Support for linkage between network-oriented models and premises-oriented (metering) models.

Support for premises area network devices.

In informative sections of this document, words printed in Arial Black apply to terms that are used as
tokens in the normative clauses (to facilitate the reading and the text search).

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.
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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 IEC 61968-11:2013 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:

IEC 61968-3 NOTE Harmonized as EN 61968-3.
IEC 61968-4 NOTE Harmonized as EN 61968-4.
IEC 61968-9 NOTE Harmonized as EN 61968-9.

IEC 61968-13 NOTE Harmonized as EN 61968-13.
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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 60076-1 - Power transformers - EN 60076-1
Part 1: General
IEC 61968-1 - Application integration at electric utilities - EN 61968-1 -
System interfaces for distribution
management -

Part 1: Interface architecture and general
requirements

IEC 61968-2 - Application integration at electric utilities - - -
System interfaces for distribution
management -
Part 2: Glossary

IEC 61970-301 - Energy management system application EN 61970-301 -

program interface (EMS-API) -
Part 301: Common information model (CIM)
base

IEC 61970-501 - Energy management system application EN 61970-501 -
program interface (EMS-API) -
Part 501: Common Information Model
Resource Description Framework (CIM RDF)
schema

IEC 62361-100 - Harmonization of quality codes across EN 62361-100 -
TC 57 -
Part 100: Naming and design rules for CIM
profiles to XML schema mapping

IEEE 802.3 - IEEE Standard for Information technology - - -
Telecommunications and information
exchange between systems - Local and
metropolitan area networks -
Part 3: Carrier Sense Multiple Access with
Collision Detection (CSMA/CD) Access
Method and Physical Layer Specifications
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INTRODUCTION

The IEC 61968 series of standards is intended to facilitate inter-application integration as
opposed to intra-application integration. Intra-application integration is aimed at programs in
the same application system, usually communicating with each other using middleware that is
embedded in their underlying runtime environment, and tends to be optimised for close, real-
time, synchronous connections and interactive request/reply or conversation communication
models. Therefore, these inter-application interface standards are relevant to loosely coupled
applications with more heterogeneity in languages, operating systems, protocols and
management tools. This series of standards is intended to support applications that need to
exchange data every few seconds, minutes, or hours rather than waiting for a nightly batch
run. This series of standards, which are intended to be implemented with middleware services
that exchange messages among applications, will complement, not replace utility data
warehouses, database gateways, and operational stores.

As used in IEC 61968, a distribution management system (DMS) consists of various
distributed application components for the utility to manage electrical distribution networks.
These capabilities include monitoring and control of equipment for power delivery,
management processes to ensure system reliability, voltage management, demand-side
management, outage management, work management, automated mapping and facilities
management. Standard interfaces are defined for each class of applications identified in the
interface reference model (IRM), which is described in IEC 61968-1.
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APPLICATION INTEGRATION AT ELECTRIC UTILITIES -
SYSTEM INTERFACES FOR DISTRIBUTION MANAGEMENT -

Part 11: Common information model (CIM) extensions for distribution

1 Scope

This part of IEC 61968 specifies the distribution extensions of the common information model
(CIM) specified in IEC 61970-301. It defines a standard set of extensions of common
information model (CIM), which support message definitions in IEC 61968-3 to IEC 61968-9,
IEC 61968-13 and IEC 61968-142. The scope of this standard is the information model that
extends the base CIM for the needs of distribution networks, as well as for integration with
enterprise-wide information systems typically used within electrical utilities. The information
model is defined in UML which is platform-independent and electronically processable
language that is then used to create message payload definitions in different required
formats. In this way, this standard will not be impacted by the specification, development
and/or deployment of next generation infrastructures, either through the use of standards or
proprietary means.

For the purposes of this part of IEC 61968, the distribution CIM (DCIM) model refers to the
IEC CIM model as defined by IEC 61970-301 and this part of IEC 61968.

The common information model (CIM) is an abstract model of 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 software applications developed
independently by different vendors. The CIM facilitates integration by defining a common
language (i.e., semantics and syntax) 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.

IEC 61970-301 defines a core CIM for energy management system (EMS) applications,
including many classes that would be useful in a wider variety of applications. Due to its size,
the CIM classes are grouped into logical packages, and collections of these packages are
maintained as separate International Standards. This document extends the core CIM with
packages that focus on distribution management systems (DMS) including assets, work,
customers, load control, metering, and others. IEC 62325-3013 extends the CIM with
packages that focus on market operations and market management applications. Other CIM
extensions may be published as International Standards, each maintained by a separate
group of domain experts. Depending on a project’s needs, the integration of applications may
require classes and packages from one or more of the CIM standards.

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 60076-1, Power transformers — Part 1: General

2 |EC 61968-5, IEC 61968-6, IEC 61968-7, IEC 61968-8 and IEC 61968-14 are under consideration.

3 Under consideration.
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IEC 61968-1, Application integration at electric utilities — System interfaces for distribution
management — Part 1: Interface architecture and general requirements

IEC 61968-2, Application integration at electric utilities — System interfaces for distribution
management — Part 2: Glossary

IEC 61970-301, Energy management system application program interface (EMS-API) —Part
301: Common information model (CIM) base#4

IEC 61970-501, Energy management system application program interface (EMS-API) —
Part 501: Common Information Model Resource Description Framework (CIM RDF) schema

IEC 62361-100, Naming and Design Rules for CIM Profiles to XML Schema Mapping®

IEEE 802.3, IEEE Standard for Information technology-Specific requirements — Part 3: Carrier
Sense Multiple Access with Collision Detection (CSMA/CD) Access Method and Physical
Layer Specifications

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61968-2 and the
following apply.

NOTE Refer to International Electrotechnical Vocabulary, IEC 60050, for general glossary definitions.

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 assure adequate security of energy supply at
minimum cost

3.2

distribution management system

DMS

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
distribution facilities so as to assure adequate security of energy supply at minimum cost

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 artefacts directly from the UML. A basic understanding of UML is necessary to
understand the CIM.

4 5" edition. Under consideration.

5 Under consideration.
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3.4
common information model with distribution extensions
DCIM

union of the base CIM in IEC 61970-301 and additional packages defined in this document,
IEC 61968-11

Note 1 to entry: The DCIM is intended to address most of the domain modelling needs of a DMS; however, a
specific project may require other CIM packages or extensions.

3.5

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
family of standards.

3.6

XML schema

schema used to define the structure, content, and semantics of extensible mark-up language
(XML) files

Note 1 to entry: XML schemas are generally found in files with an “xsd” extension. The DCIM uses XSD files to
define inter-application messages in most domain areas, except for power system model exchange.

3.7

resource description framework

RDF

web (W3C) standard used to represent information models

Note 1 to entry: RDF is more powerful than XSD because it can describe a data model, not just an XML file. The
DCIM uses a subset of RDF to support power system model exchange.

3.8

web ontology language

OWwWL

another Web (W3C) standard that includes RDF and extends it

Note 1 to entry: OWL is more powerful than RDF in supporting data types, enumerations, more details of class
relationships and associations, etc. Future DCIM profiles may use OWL.

4 CIM specification

4.1 CIM modelling notation

The CIM is defined using object-oriented modelling 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.
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4.2 CIM packages
4.2.1 General

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 several sets of
packages. Entities may have associations that cross many package boundaries. Each
application will use information represented in several packages.

4.2.2 CIM packages

The comprehensive CIM is partitioned into groups of packages for convenience. The groups
comprising DCIM are:

e |EC 61970-301 (base CIM, defining data types and power system resources as required
by typical EMS and DMS control centre applications);

e this part of IEC 61968.

Figure 1 shows the relevant6 currently defined CIM normative packages and their dependency

relationships. The dashed line indicates a dependency relationship, with the arrowhead
pointing from the dependent package to the package on which it has a dependency.

IECE1 970 CIMYersion IECR1968CIMYersion
+ date: Date [0..1] = 2011-05-16 + date: Date [0..1] = 2011-05-13
+ wersion: String [0..1] = IECE1970CIM15v24 + wersion: String [0..1] = IEC61968CIM11v12
IECB1970

+ IEC61870CIMVersion
] + DoclECE1370

__| = Domain
] + Core
+ DiagramlLayout
e : . M . IEC&1368
| + OperaticnalLimits
+ Topology = + IEC61968CIMVersion
=
| T Wires ] + Commaon
__| * Generation | + Assets
] + LoadModel e ] ] + Assetinfo
] + Outage ] +work
I + AuxiliaryEquipment __| = Customers
__| + Protecticn | * Metering
__] + Dynamics ] + LoadContral
I + Equivalents __| + PaymentMetering
| * Meas
| ~SCADA

] + ControlArea
__| = Contingency
] + StateVariables
_| + InfIECE1970

IEC 278/13

Figure 1 — CIM packages

6 CIM extensions for markets, IEC 62325-301 are also CIM normative packages, but not used in DCIM and thus
not displayed.
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NOTE The contents of the base CIM referred to from within this part of IEC 61968 were auto-generated from the
base CIM UML electronic model release IEC61970CIM15v31.

4.2.3 CIM extensions for distribution packages (this part of IEC 61968)

The base CIM model as defined by IEC 61970-301 defines a set of sub-packages which
includes Domain, Wires, AuxiliaryEquipment, Topology, Measurements, Equivalents and Core,
as well as several other ones. IEC 61968-3 to |IEC 61968-9 and IEC 61968-13 required
extensions to the CIM model as specified by IEC 61970-301 in order to describe the objects
and associated properties which are relevant to distribution modelling and information
exchanges applicable not only to typical control room systems, but also with enterprise and
partner systems, as well as metering systems and devices. Therefore, just as applications in
the distribution domain use classes from the base CIM, so might applications outside the
distribution domain use classes defined in this document (for instance, market extensions in
IEC 62325-301).

Figure 2 shows the packages defined for IEC 61968-11 CIM extensions for distribution. Notes
on the left hand side of the figure indicate the part of IEC 61968 that has been driving the
definition of classes within the respective package. Note, however, that different documents in
the IEC 61968 series, as well as different applications that use CIM for information exchange
will typically define message payloads using classes from several packages, including some
defined outside of this document.

IECE1368CIMVersion

+ date: Date [0..1] = 20011-05-15
+ wersion: String [0..1] = IECE1568CIM11+12

Common |
Assets | Assetinfo
Parts 4, 13
Work |
Part &
Customers |
Part 8
Metering | LeadControl FPaymentMetering
Part 9

IEC 279/13

Figure 2 — CIM extensions for distribution (DCIM) top-level packages

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

NOTE The contents of the CIM defined in this part of IEC 61968 were auto-generated from the CIM UML
electronic model release IEC61968CIM11v13.



BS EN 61968-11:2013
61968-11 © IEC:2013 - 23 -

4.3 CIM UML modelling
4.3.1 General

The CIM model is defined and maintained using UML. The source and point of maintenance
for the CIM model is currently an Enterprise Architect (EA) file. This permits the model to be
viewed and maintained graphically. The same tool is used to generate web pages which can
be viewed over the internet. From the EA file, XMI file is also generated that can be used
within various tools that support generation of context specific message payloads in XSD,
RDF, or OWL format for IEC 61968-3 to IEC 61968-9 and IEC 61968-13.

The purpose of 4.3 is to define some principles with respect to the IEC 61968 information
model and associated information exchanges. For description of different UML constructs
used in the CIM model, refer to 4.3 of IEC 61970-301:—, CIM classes and relationships.

4.3.2 Scope of UML model

It is not the intent of this part of IEC 61968 and associated models to define models which
satisfy all information requirements, as this would be an impossible task. The standard model
is a canonical data model for enterprise systems integration and thus needs to satisfy
requirements for information exchanges among different systems, i.e., message payloads
defined in IEC 61968-3 to IEC 61968-9 and IEC 61968-13. Custom extensions are the matter
of non-standard projects and products. They can be used to leverage CIM for information
models of specific applications or systems, or for non-standard integration needs. However,
custom extensions are not maintained by IEC.

The overall DCIM model has been evolving during many years, and has been published as an
IEC standard only in 2010. Since that first edition, the UML model has been split into
normative and informative classes and their relationships. Only normative classes, with their
attributes and normative relationships, are fully documented in Clause 6. At the time of
editing, the normative classes and relationships are those required for IEC 61968-4,
IEC 61968-9 and IEC 61968-137. They are considered stable and are expected to change
little.

In contrast, informative classes and their informative relationships are not documented in this
specification. They are present in the electronic UML model and will be promoted to normative
classes stepwise, with the new editions of IEC 61968-3 to IEC 61968-9 and IEC 61968-13.
Some of those classes will be kept informative as long as they are considered unstable and
likely to change, and others might be removed because they do not participate in standard
information exchange.

NOTE The next anticipated set of classes that is to be promoted from informative to normative in DCIM 12 for the
next edition of IEC 61968-11 are those needed to support the maintenance cycle of IEC 61968-3, IEC 61968-4,
IEC 61968-9 and IEC 61968-13, and IEC 61968-6 (1° edition) and IEC 61968-8 (1° edition).

4.3.3 Extensibility

It is fully the intent to permit extensions to the information exchange model. Extensions should
utilize a local namespace. The namespace shall also serve to identify the origination of the
class or property.

An extension can be defined in a UML model and/or a physical model such as XML schema:

e |If an extension is made in UML model, such extension should be made in a different
package as a separate model layer or context rather than be added or modified into CIM
model directly. A “targetNamespace” tagged value may be used for this purpose if such
extension is meant for an XSD generation.

7 The only profile defined in the draft 2" edition of IEC 61968-3 as of this writing is fully supported by base CIM
classes, IEC 61970-301.
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e If an extension is made for XSD only, a target namespace has to be different than a CIM
XSD namespace to identify the origin of the extension.

The extension namespace may follow a naming convention: http://<organization>/<version
control>/<profile>.

4.3.4 Message payload (profile) definition
4.3.4.1 General

A profile is a restricted subset of DCIM classes, associations and attributes needed to
accomplish a specific type of interface. A profile defines the message payload from CIM
model (IEC 61968-11 and IEC 61970-301) and the header format (from implementation
profiles IEC 61968-100 or IEC 61970-552) and information to exchange (specific to profile
document in IEC 61968-3 to IEC 61968-9 and IEC 61968-13).

One way of defining standard message payloads (profiles) is by using applications such as
various available open source tools providing support for CIM-based profile creation. Other
methods and tools may be used, including hand coding.

Currently, two grammars of XML are used for DCIM-based profile definition in IEC 61968
series.

4.3.4.2 XML schema syntax

IEC 61968-3 to IEC 61968-9 define profiles in XML syntax according to IEC 62361-100. These
profiles specify the format and content of the DCIM-based payload part of the message that
gets exchanged in various integration scenarios, as defined in IEC 61968-100. Message
headers use combinations of nouns and verbs. The nouns usually refer to the concepts
defined within the DCIM model (payload), and the verbs are in support of transport
technology.

The verb usually indicates which attributes are required. In the case of create/created verbs,
typically all attributes defined in a profile are required, while with get, cancel/cancelled,
delete/deleted and close/closed verbs only object identifiers are typically required. The
change/changed verb would require an object identifier and the values of attributes to be
changed.

The recommendations for defining DCIM-based profiles for data exchange are given in
IEC 61968-1.

The verbs defined for use within IEC 61968 compliant interfaces, as well as message
envelope, are specified in [IEC 61968-100.

The nouns defined for use within IEC 61968 compliant interfaces are specified in IEC 61968-3
to IEC 61968-9.

4.3.4.3 RDF schema syntax
IEC 61970-501 defines a subset of RDF schema that is used for bulk network model

exchanges. The profile format and header information is specified in IEC 61970-5528, and is
currently used by the profiles defined in IEC 61968-4 and IEC 61968-13.

8 Under consideration.
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4.3.4.4 Data exchange contexts supported by DCIM

DCIM-based profiles defined in IEC 61968 cover two major data exchange contexts among
enterprise systems:

e Bulk data exchanges, for the purpose of configuration of systems. This kind of business
process is also known as model management, master data management, or data
engineering. It requires message payloads that allow for establishing and maintaining the
relationships between instances of various business entities common to two or more
enterprise systems.

e Operational (dynamic) data exchanges among running systems. The data exchanged over
this kind of interface assumes previous configuration of business entities in various
systems to their common, DCIM-based representation at the interface, but not necessarily
within the system.

As of this writing, profiles in RDFS and OWL syntax are mainly used for bulk, file-based data
exchanges of large data sets, while XSD profiles are used in both bulk and operational
message payloads.

4.4 DCIM model concepts and examples
4.4.1 General

4.4 describes some examples of modelling in the distribution domain and general electrical
utility enterprise with DCIM. Some concepts are complementary to the base CIM examples
presented in IEC 61970-301 (such as network modelling typical for distribution networks).
Other concepts are general for any electrical utility enterprise (such as locations, documents,
organisations), or specific to distribution domain (e.g., metering and customers).

4.4.2 Common concepts
4.4.2.1 Key classes in DCIM

Base CIM in IEC 61970-301 mainly defines the function of electrical network elements
through PowerSystemResource class and its specialisations, for the needs of information
exchange in the context of control centre applications and systems. DCIM in this part of
IEC 61968 adds some key classes to support (a) physical description of those network
elements, (b) the whole model for metering domain, as well as (c) information exchange
related to network operations and planning and meter management and control, in the context
of the whole utility enterprise (including outage, customers and work management).

Figure 3 shows key classes defined in the DCIM. Relationships between them, if existing, are
not shown in this figure, but rather in the following subclauses. In fact, there are relatively few
direct relationships between these key DCIM classes, in favour of more specific relationships
among their specialisations. The UML diagram in Figure 3 shows that all the key classes are
identified objects, i.e., the name of their superclass, IdentifiedObject, is displayed in the
upper right corner of a class.

IdentifiedObject IdentifiedOhject IdentifiedOhject IdentifiedOhject IdentifiedOhject
Core::PowerSystemResource AssetsiAsset Assets:AssetModel AssetsiAssetinfo Metering::UsagePoint
IdentifiedObject IdentifiedOhject IdentifiedOhject IdentifiedObject
Comman::Document Common::Location Common::Organisation Commen::ActivityRecord

IEC 280/13

Figure 3 — DCIM key classes
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An Asset is a tangible resource of the utility, including power system equipment, end devices,
vehicles, tools, cabinets, buildings, etc. For electrical network equipment, the function of the
asset is modelled with the PowerSystemResource hierarchy, defined fully® in the wires model
(refer to IEC 61970-301 and model package IEC61970::Wires). Asset description places
emphasis on the physical characteristics and the lifecycle of the equipment performing that
function, and relies on PowerSystemResource hierarchy for electrical connectivity.

AssetModel provides details about the Asset as a product of a given manufacturer, so one
AssetModel and its associated Assetinfo can describe many instances of Asset.

AssetInfo is the container for datasheet information about Asset and AssetModel, and it can
also be referenced by multiple instances of Asset and PowerSystemResource (i.€., shared).

A Location is the place, scene, or point of something where someone or something has been,
is, and/or will be at a given moment in time. It is defined with one or more position points
(coordinates) in a given coordinate system.

A UsagePoint is the logical or physical point in the network to which meter readings or events
may be attributed. It is used at the place where a physical and virtual meter may be located.
This class provides the link between the network-oriented model of electrically connected
equipment (PowerSystemResource specialisations) and the asset and premises-oriented
model of the metering domain.

A Document is a grouping of information collected, often managed as a part of a business
process. It will frequently contain references to other objects, such as assets, persons and
power system resources. Organisations are business entities that may have roles as utilities,
contractors, suppliers, manufacturers, customers, tax authorities, etc.

ActivityRecord records activity for an entity at a point in time. Activity may be for an event that
has already occurred or for a planned activity.

Following subclauses discuss in some more detail the key DCIM classes, their specialisations
and relationships, and indicate their intended usage.

4.4.2.2 Locations and geographical representations

To allow for locating different entities and activities in space, DCIM provides the class
Location. Entities and activities can be located by their different kinds of addresses as well as
by position coordinates, PositionPoint in a given CoordinateSystem. Changes in configuration
of a Location can be tracked with instances of a special ActivityRecord, ConfigurationEvent.

Location class is not intended to be used for graphical data exchange, although its
PositionPoints can be used to derive initial layouts for graphical applications. Exchange of
single line diagrams representing PowerSystemResources is supported by model package
IEC61970::DiagramLayout defined in base CIM in IEC 61970-301.

NOTE Support for complex geo-spatial data exchanges is out of the scope of this part of IEC 61968, since there
are widely used and adopted standards (e.g. GML) for other domains that can be applied to electrical networks as
well.

Figure 4 shows how Location class is used in relation with Assets, PowerSystemResources
and UsagePoints.

9 In this part of IEC 61968 (2™ edition), all the DCIM classes that were defined in the model package
IEC61968::WiresExt of IEC 61968-11:2010 (1° edition), have been moved to base CIM, IEC 61970-301 (5"

edition) and model package IEC61970::Wires, to ensure functional integrity of the overall CIM network
model, for both transmission and distribution networks.
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UsagePoint 0." —Servicelocation| +  sitefccessProblem: String [0..1]

= needsinspection: Boolean [0..1]

IEC 281/13

Figure 4 — DCIM power system resource and asset locations

An Asset or a PowerSystemResource directly associate with a Location, because the “general”
Location provides all the information required (such as mainAddress, electronicAddress, Or
associated PositionPoints). In contrast, a UsagePoint references a specialised type of
location, ServiceLocation, with additional attributes relevant for service only, such as
needslinspection. This is a commonly used pattern in DCIM: To provide associations among
specialisations where applicable and to relate high level classes where the generic
relationship applies to all the specialisations.

4.4.2.3 Organisations

Figure 5 illustrates two major classes used to model organisations, Organisation and
OrganisationRole, and their intended usage.
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Figure 5 — DCIM organization model

Business entities modelled with DCIM are often used in many disparate contexts. For
example, the same instance of Organisation may have the role of a Customer in a context
dealing with service requests for EndDevices, and the role of a Manufacturer of a
ProductAssetModel in a context of asset maintenance; or the role of an AssetOwner in the
context of asset management, and the role of a ServiceSupplier in the context of service
requests and according to CustomerAgreement. This is modelled in DCIM with the association
of an Organisation with multiple OrganisationRoles, whereas each OrganisationRole may
reference a single Organisation, as a business entity.

Figure 5 shows the OrganisationRole as the common supertype of various roles. They are
introduced on need, when there are specific attributes (not shown in the figure) and/or
associations applicable to only certain domain of usage. One such example is Manufacturer:
that role is applicable to a given ProductAssetModel, not to the Asset in general, and therefore
there is an explicit association of that specific OrganisationRole specialisation with the
ProductAssetModel, while there are other specific roles in relation to Assets (e.g.,
AssetOwner).

In DCIM, organisation as a business entity is never specialised.

Configuration changes of OrganisationRoles can also be tracked with instances of
ConfigurationEvent.

4.4.2.4 Assets
4.4.2.41 Major classes in assets model

Whereas IEC 61968-11:2010 (1% edition) contained Asset and AssetModel classes required
only in the context of metering (IEC 61968-9), this part of IEC 61968 (2"°I edition) provides a
more elaborate assets model, supporting the needs for data exchanges in the context of
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network model exchanges (IEC 61968-4 and IEC 61968-13). Figure 6 gives an overview of
major classes that are included in the DCIM assets model.

+ChangedLocation +ConfigurationEvents
|n..1 0. |
IdentifiedObject | ~Location +Assets IdentiffedObject ActivityRecord
+ChangedAsset ow
Commen:: 0.1 o= AssetsiAsset b Commaon::
Location = type String 011 0.1 +ConfiguraticnEvents | ConfigurationEvent
~location | 0.1 + utcNumber: String [0..1]

+ serialNumber: String [0..1]
=+ lotMumber: String [0..1]
=+ purchasePrice: Meoney [0..1]

+ critical: Boolean [0..1] O P
~ Pow - P— gamisationRolz
PowerSystemResources + electronicAddress: ElectronicAddress [0.1]|%.. OrganisationRoles Assets::
" + lifecycle: LifecycleDate [0..1 .
0. ifecycle: LifecycleDate [0..1] +Assets 0.."| AssetOrganisationRole
IdentifiedObi ~+ acceptanceTest: AcceptanceTest [0..1]
entifisgUnject + initialConditien: String [0..1]
Core: + initialLossOfLife: PerCent [0..1]
PowerSystemResource +  status: Status [0..1]
Assets::
0. 0. 0.~ w | o
| 0. Assets AssetOwner
~+PowerSystemResources  TASSELS
1
~FPowerSystemResource
0.1 | +Assetinfo
=+ AssetDatashest |[TETTEI0BECE| L pccetinfy +hssetModel  |identifiedObject
o ssets:Assetinf o o Assets:
- - - AssethModel
«Compounds
Assets:LifecycleDate
Assets:ProductAssetModel
=+ manufacturedDate: Date [0..1]
+ purchaseDate: Date [0..1] OrgamisationRole| . panufacturer 0. [+ modelNumber: String [0..1]
+ receivedDate: Date [0..1] Assets:: + meodelVersion: String [0..1]
+ installationDate: Date [0..1] Manufacturer 0.1 +ProductAssetModel| +  corporateStandardKind: CorporateStandardKind [0..1]
+ removalDate: Date [0..1] + usageKind: AssetModelUsageKind [0..1]
+ retiredDate: Date [0..1] +  weightTotal: Weight [0..1]
IEC 283/13

Figure 6 — DCIM assets model

Asset is a tangible resource of the utility, including power system equipment, various end
devices, cabinets, vehicles, buildings, etc. An Asset instance is a managed resource that can
be in operation or in stock, and that is characterised with its lifecycle attribute, the possible
values being defined by the compound LifecycleDate. It may be described with a Location and
its configuration may be tracked with instances of ConfigurationEvent. An Asset may be
related to organisations through multiple AssetOrganisationRoles, such as AssetOwner.

NOTE In this part of IEC 61968 (2nd edition) (documenting DCIM11), there is a single specialisation of
AssetOrganisationRole. It is anticipated that the next edition (documenting DCIM12) will add more

organisation roles with respect to assets, such as maintainer or user, in support of data exchanges required by
IEC 61968-3 and IEC 61968-6.

Some data exchanges will require electrical equipment connectivity model, in which case an
Asset may reference one or more PowerSystemResource instances, which model the electrical
function of the equipment represented by the physical Asset — see also 4.4.2.5. The inverse
applies as well, namely, some data exchanges between operational and other systems (such
as planning or asset management systems) will require a physical view associated with the
electrical model of the power system, and in that case a PowerSystemResource may refer to
the relevant Asset and/or Assetinfo instances. Finally, some data exchanges will completely
ignore electrical connectivity model and will work exclusively with the assets model.

Another essential class in the assets model is Assetinfo, which is an identifiable container for
various physical parameters describing associated Assets. An Asset without the associated
concrete Assetinfo instance is not fully described. Assetinfo, modelling what is sometimes
called “catalogue”, “library” or “code”, is a set of attributes of an asset, representing typical
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datasheet information of a physical device that can be instantiated and shared in different
data exchange contexts:

e as attributes of an asset instance (installed or in stock);
e as attributes of an asset model (product by a manufacturer);

e as attributes of a type asset (generic type of an asset as used in designs/extension
planning)10.

Because datasheet attributes of physical devices depend on the type of device they describe,
AssetInfo is the class that is specialised with concrete types that hold the attributes and
associations specific to that specialisation (see 4.4.2.4.2).

The main characteristic of a concrete Assetinfo instance is the fact that it is possible to
reference it from multiple instances of PowerSystemResource Or Asset. This is a major
requirement in distribution network modelling, where the equipment characteristics are rarely
defined per PowerSystemResource Or Asset, due to the nature and amount of the equipment
used. Typically, one instance of a specific Assetinfo may be referenced by thousands of
instances of PowerSystemResource or Asset. Similar requirement exists for calculated
electrical parameters, such as line or transformer impedances, and this is reflected through
the relevant electrical catalogue classes (see 4.4.3.3.1).

The third major abstraction related to assets is the concept of AssetModel. It represents the
model of an Asset, either a product of a specific manufacturer (ProductAssetModel) oOr a
generic asset model or material item (not shown in Figure 6, because that class is still
informative). Datasheet characteristics of the AssetModel are available through the associated
Assetinfo specialisation and can be shared with Asset or PowerSystemResource instances.

4.4.2.4.2 Specialisations in assets model

In the earlier versions of the electronic UML model of DCIM, there used to be three parallel
inheritance hierarchies related to assets, in addition to the PowerSystemResource inheritance
hierarchy of base CIM, in IEC 61970-301. This part of IEC 61968 (2nd edition) presents a
simplified assets model, well consolidated with the function model of PowerSystemResource,
and with the major classes introduced in 4.4.2.4.1.

4.4.2.4.2 gives the modelling guidelines that have been established and applied in this edition
of IEC 61968-11, and that should be followed in the future standard editions of DCIM as well
as for custom extensions of the standard DCIM.

a) Among classes Asset, AssetModel, ProductAssetModel and Assetinfo: ProductAssetModel
should never be specialised in the standard DCIM, and AssetModel is specialised only with
ProductAssetModel!l. Assetinfo will always be specialised. Asset may be specialised
according to guideline d) only.

b) If a device/equipment exists in 1IEC61970::Wires model package of IEC 61970-301 (as a
specialisation of, or related to PowerSystemResource), it is not allowed to define its
counterpart as a specialisation of Asset. In contrast, a specialisation of Assetinfo shall be
defined with its datasheet properties, where applicable.

c) Relationship between functional and physical models is established between relevant
specialisations of PowerSystemResource and Assetinfo through inherited relationship,

10 Among informative classes in the electronic UML model of DCIM, there is one more specialisation of
AssetModel which is anticipated to become normative in some of the later editions of IEC 61968-11.

11 Among informative classes in the electronic UML model of DCIM, there is one more specialisation of
AssetModel which is anticipated to become normative in some of the later editions of IEC 61968-11.
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either PowerSystemResource—Assetinfo (if asset instance does not exist) or
PowerSystemResource—Asset—Assetlnfo (if asset instance is available).12

d) If there is a device/equipment/network-related entity not modelled in 1EC61970::Wires
model package of IEC 61970-301, it should be inheriting from Asset or AssetContainer,
and its name need not contain the (now redundant) word “Asset”.13

e) According to a), the specialisations of Asset, AssetModel, ProductAssetModel should be
eliminated as follows: The required attributes and association ends should be moved into
either an Asset specialisation (if they are applicable to an instance of Asset), or to an
AssetlInfo specialisation (if they represent datasheet information, applicable to many Asset
instances). 14

Figure 7 shows some DCIM examples that reflect the above guidelines and also illustrates the
usage of some more classes from the assets model.

+hssets | pienrifiedobiect +Assets +FowerSystemResources IdentifisdObject
0. AssetsiAsset 0" 0.7 | Core:PowerSystemResource
0." 0..
IdentifiedOfject +ASsEts +PowerSystemResource
AssetsiAssetFunction Core:
0-1 | identifiedobject| -1 e
+ programlD: String [0..1] Equipment
= firmwarelD: String [0..1] ~#ssetinfo JAssets:Assetinfg ~pssetDatashest
+ hardwarelD: String [0..1 0..1 Assets:: 1%
+ password: String [0..1] AssetContainer [lk
4+ ialDe i +AsserContai
configlD: String [0..1] ssetContainer Core:
Zﬁ Zﬁ ConductingEquipment
+ i 0..* +EndDevicelnfo
Metering::EndDeviceFunction| 0.." EndDevice Metering:: Metering:: Assetinfo:: Wires::
EndDevice | : 0.1 | EndDevicelnfo PowerTransformerinfo PowerTransformer
+ enabled: Boclean [0..1] 0.1 EndDevices
~+EndDeviceFunctions
IEC 284/13

Figure 7 — DCIM assets — specialising guidelines

AssetContainer is the specialisation of Asset, and also the container for multiple Assets. As a
specialisation, it inherits the attributes and associations with other classes. As a container, it
allows to model composite Assets. One such example is the EndDevice, which may contain
other entities that may have independent lifecycle (such as communication modules, not
shown in the figure). Other examples of AssetContainers would be towers or vaults (currently
not in the normative DCIM). Neither of these real world objects is defined in the functional,
PowerSystemResource model (guideline d)).

Figure 7 shows only two among many specialisations of Assetinfo: EndDevicelnfo and
PowerTransformerinfo. The latter one inherits an association to PowerTransformers either
through Assetinfo—PowerSystemResource or Assetinfo—Asset—PowerSystemResource
(guideline c); for details, see 4.4.3.4). There is no Asset specialisation corresponding to
PowerTransformer (guideline b)).

For EndDevicelnfo, it is directly associated with multiple instances of EndDevice, and it also
inherits the association Assetinfo—Asset. In such a case, it is the most specific relationship
that should be used. At present, there are few specialisations of Asset, and it is acceptable to

12 pue to application of this guideline, some direct associations between specialisations of
PowerSystemResource and Assetinfo have been eliminated in favour of using the new inherited
association defined between PowerSystemResource and Assetinfo.

13 Due to application of this guideline, some classes from Metering model package have been renamed in order
not to use the suffix “Asset”.

14 Due to application of this guideline, some classes from Metering model package have “lost” their instance
attributes, which have been moved to the corresponding Assetlnfo specialisation.
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define such concrete associations among specialisation, even where the inherited association
exists. For the case of relationships between Assetinfo and PowerSystemResource
specialisations, they have been considered too numerous to define all the explicit
relationships among them.

Finally, the class AssetFunction and its specialisation EndDeviceFunction demonstrate the
preferred design, when feasible: to start with only direct associations between the relevant
specialisations, such as EndDevice—EndDeviceFunction in Figure 7. In the future DCIM
editions, if there are several cases where the need for relationship between the
specialisations of AssetFunction and Asset or AssetContainer are identified, the concrete
relationship would likely be replaced with a generic one.

4.4.2.5 Electrical model vs. physical model

The distribution CIM covers both electrical and physical representation of an object. The
PowerSystemResource class models the electrical representation and is often used for
network operation, monitoring, outage management, and operations planning, while the Asset
class models an object’s physical representation and is mainly used for asset and work
management, but also for network extension planning, outage management and network
studies. For instance, the physical representation may be essential in deriving attributes for
the electrical representation, even if no explicit Asset class is used. For instance, 4.4.3.3.3
explains how the asset model can help calculate the electrical characteristic of a distribution
line. The relationship between the two aspects of the electrical equipment also provides key
information for extension planning, work management and outage management.

The relationship between Asset and PowerSystemResource allows for navigation between the
two different representations (models) of a real world object. Connectivity and operational
aspects (such as operational limits or energisation status) are always modelled through
PowerSystemResource and its specialisations, while physical aspects (such as data sheet
ratings, dimensions or asset lifecycle and financial data) are always modelled through Asset
and its related classes.

It can be noticed that both Asset and Assetinfo have relationships t0 PowerSystemResource.
The relationship between PowerSystemResource and Asset is typically used for data
exchanges when the Asset is in operation, to give the physical view of electrical network
equipment being operated, or in the other direction, to give the electrical connectivity view to
the system working with physical representation. The relationship between
PowerSystemResource and Assetinfo can be used even if there is no actual Asset instance
available or needed; typical example are planning applications, or network calculation
applications used in operational systems (such as distribution power flows).

4.4.3 Network modelling concepts and examples
4.4.31 Connectivity and phase modelling

The distribution CIM connectivity model is identical with the base CIM connectivity model, i.e.,
it relies on ConductingEquipment, Terminal, and ConnectivityNode classes (refer to
IEC 61970-301:—, 4.4.4, Connectivity model and 4.4.8, Phase wire modelling). With the
Terminal.phases attribute, phase information of each ConductingEquipment can be expressed
for a multi-phase distribution network. It also allows one to represent normal network phase
mismatch cases. In distribution networks, there are some rare cases where a normal open
switch may be connected to the phase A on one side and the phase B on the other side.
Jumpers could introduce normal phase mismatch as long as one side is de-energised before
the Jumper is connected. For instance, a Jumper could connect an energised normal phase A
to a normal phase B that is currently de-energised. This case is only allowed when all
downstream loads are on the same phase(s).

For an extensive example of balanced three-phase sample network, refer to IEC 61970-301:—,
4.4.4.2, Connectivity and containment example, and for an example illustrating how the CIM
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connectivity model can be used to represent a multi-phase network, refer to IEC 61970-301:—,
4.4.8, Phase wire modelling.

Figure 8 gives an overview of phase-related classes used typically for distribution network
modelling and applications.
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Figure 8 — DCIM phase modelling

In distribution networks, some of the devices could have different electrical and operating
characteristics on each phase. For instance, a three-phase Switch (whether it is a Breaker, a
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Fuse, or any other specialisation of switch) may be composed of three separate physical
switches, one for each phase. In the majority of cases the three individual switches have the
same physical properties. If such a switch is gang operated (i.e., all the physical switches
have the same normal and/or the real-time operational state), it can be modelled with a single
instance of switch. However, it may happen that the individual phases have different physical
properties. For instance, in the case of a Fuse, at least theoretically, different fuse ratings
might be used on each phase. Also, for un-ganged switches there may be cases where the
normal and/or the real-time operational state of each phase could be different. This case is
then modelled as one instance of Switch containing three instances of SwitchPhase, one for
each phase. Important point is that there is one Switch instance in every case, and that one
instance can be referenced from different contexts (e.g., configuration, operations).

NOTE This part of IEC 61968 does not support multi-state switches (modelled by CompositeSwitch).

From this part of IEC 61968, similar to Terminal class, Measurement class has defined the
phases attribute to provide detailed phase description for a measurement. In most cases the
attribute is optional since the measurement on a Terminal matches its phase. However, for a
ConductingEquipment that could be operated separately on each individual phase, the
Measurement.phases attribute provides the capability to specify measurements on each
phase. Based on the CIM control model defined in base CIM, IEC 61970-301:—, 4.4.10,
Measurements and controls, controls can be applied to separate phases as well.

From this part of of IEC 61968, the distribution CIM model provides support for representing
temporary changes in the network. For detailed description and example, refer to
IEC 61970-301:—, 4.4.9, Cuts, clamps and jumpers model.

4.4.3.2 Single-phase and unbalanced loads

Figure 9 shows the classes available to model distribution loads, which are often unbalanced
among the three phases at a location. In some cases, single-phase and two-phase loads will
occur.



BS EN 61968-11:2013

IdentifiedObjact
Metering::UsagePoint
FPowerSystemResource + isSdp: Beolean [0..1]
Core:Equipment +Equipments ~+UsagePoints [ 7 isWirtual: Boolean [0..7]
+ phaseCode: PhaseCode [0..1]
=+ normallylnService: Boeclean [0.1] | 0.7 0.*|+ grounded: EBeclean [0..1]
+ aggregate: Boolean [0..1] +  servicePriority: String [0..1]

serviceDeliveryRemark: String [0..1]
estimatedLoad: CurrentFlow [0..1]
checkEilling: Boolean [0..1]
ratedCurrent: CurrentFlow [0..1]
noeminalServiceVoltage: Voltage [0..1]
ratedPower: ActivePower [0.1]
outageRegion: String [0..1]
readCycle: String [0..1]

IdentifiedObject

- Core:Terminal
Core:: +ConductingEquipment 0..% ore-rermina

ConductingEquipment

connected: Boolean [1..1]

! ~Terminals | phases: PhaseCode [0..1] readRoute: String [0..1]
sequenceNumber: Integer [0..1] + amiBillingReady: AmiBillingReadyKind [0..1]
-+ connectionState: UsagePointConnectedKind [0..1]
= minimalUsageExpected: Booclean [0..1]
Wires::EnergyConsumer IdentifiedObject
+EnergyConsumer 0.1 LoadMaodel:
+ customerCount: Integer [0..1] LoadResponseCharacteristic
+ grounded: WindingCennection [0..1] 0. ~+LoadResponse senumerations
+  pfived: ActivePower [0..1] + exponentModel: Boolean [0..1] Core-PhaseCode
+ pfixedPct: PerCent [0..1] + pConstantCurrent: Float [0.1]
+ phaseConnection: PhaseShuntCennectionKind [0..1] + pConstantimpedance: Float [0..1] ABCN
+ gfixed: ReactivePower [0..1] + pConstantPower: Float [0..1] ABC
+ gfixedPct: PerCent [0..1] + pFrequencyExponent: Float [0..1] AEN
+ pVoltageExponent: Float [0..1] ACN
~EnergyConsumer | 1 + gConstantCurrent: Float [0..1] ECN
-+ gConstantimpedance: Float [0..1] AR
+ gConstantPower: Float [0..1] AC
+EnergyConsumerPhase | 0.7 + gFrequencyExpenent: Float [0..1] EC
FowersystemResource + gVoltageExponent: Float [0..1] AN
‘Wires::EnergyConsumerPhase E:
+ pfixed: ActivePower [0..1] senumerations A
+ pfixedPct: PerCent [0..1] Wires:: E
+ phase: SinglePhaseKind [0..1] SinglePhaseKind <
= gfixed: ReactiveFower [0..1] senumerations N N'IN
+ afixedPce: PerCent [0..1] Wires::PhaseShuntConnectionKind B :ZN
o c s12N
¥ N sl
¥n s1 52
| 52 s12

IEC 286/13

Figure 9 — DCIM load model

The EnergyConsumer class should be used to instantiate the load model, which can optionally
be associated with a meter through UsagePoint. EnergyConsumer inherits from
ConductingEquipment which is associated with Terminal. Terminal has phases attribute, which
may be assigned a PhaseCode enumeration literal. For example, AN describes a single-phase
load from A to neutral, BC describes a single-phase load from B to C, ABCN describes a three-
phase, wye-grounded load, ABC describes a three-phase delta-connected load, etc.

The phaseConnection attribute of EnergyConsumer should be Y or Yn for a wye connected or
phase-to-neutral load; it should be D for a delta or phase-to-phase load. For a balanced three-
phase load, specify the total real and reactive power on EnergyConsumer attributes, for equal
distribution among the three phases.

If a three-phase load is unbalanced, it can still be modelled with the same EnergyConsumer
instance, now referring to three additional EnergyConsumerPhase instances, each
representing one phase with its phase attribute. This makes it possible to use an
EnergyConsumer With its identity for unbalanced modelling as well. With single-phase or two-
phase loads, the model should also include correctly phased conductors or transformers that
establish connectivity back to the source. The total real and reactive power need not be
specified on EnergyConsumer attributes, because they can be derived from the distribution
among phases specified on EnergyConsumerPhase attributes. Each phase can be A, B, C, s1,
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or 82 (N does not apply to this case). For a delta or phase-to-phase connected load, which is
indicated with D for phaseConnection:

e use A for the load connected between phases A and B;
e use B for the load connected between phases B and C;
e use ¢ for the load connected between phases € and A;

e use s1 for the load connected between phases s$1 and s2.

In case the load is a combination of constant current, constant power, or constant impedance,
an instance of LoadResponseCharacteristic should be associated with the EnergyConsumer
instance.

NOTE This part of IEC 61968 does not provide the means to define different load characteristics per phase.
4.4.3.3 Distribution line segments

Figure 10 shows the classes available to model AC line segments (i.e., conductors). There
are three ways to describe the impedance parameters of an ACLineSegment using only the
Wires package, and a fourth way making use of the Assetinfo package.

NOTE This part of IEC 61968 (documenting DCIM11) and the corresponding IEC 61970-301 (documenting base
CIM15) reflect consolidated line segment models for transmission and distribution (T&D). Therefore, the classes
from |EC 61968-11:2010 (1° edition) have been slightly modified and moved from model package
IEC61968::WiresExt into model package IEC61970::Wires of the base CIM, IEC 61970-301 (5‘h edition).

In order to represent a single-phasesingle-phase, two-phase, or unbalanced three-phase line
using different wires, one ACLineSegmentPhase instance should be associated with each
phase or neutral wire retained in the model. The applicable phase attribute values are A, B, €
for three-phase lines, s1 and s2 for single-phase secondary circuits, and N for cases where
the neutral wire is modelled. Each AcCLineSegmentPhase has an optional association to
Wirelnfo, described later in more detail, but all other characteristics come from its associated
ACLineSegment.

For an unbalanced line, the calculated impedances reflect physical wire positions on the tower
or pole, and these positions are typically ordered from left-to-right and top-to-bottom based on
their horizontal and height coordinates. For example, consider a pole with crossarm having 3
wire positions numbered 1 (left-most), 2 (offset from centre), and 3 (right-most), impedances
could be calculated with phase A’s wire in position 1, phase B’s in position 2, and phase C’s
in position 3. A different ACLineSegment might use the same pole type and wires, but with
phase C’s wire in position 1, phase B’s in position 2, and phase A’s in position 3. The
calculated impedance parameters will be different than the first case. They are mathematically
related by impedance matrix row and column operations, but such operations are not
supported in the CIM, nor is there a concept of ordering phases in CIM. This means that each
different physical phase ordering requires a different impedance description in the CIM. This
consideration affects the use of PerLengthPhaselmpedance and WireSpacinglinfo in Figure 10.

Transposed lines can be modelled with a different ACLineSegment for each section, and a
different impedance description for each section as just discussed. The impedance
description should use either PerLengthPhaselmpedance Or WireSpacinginfo, because
sequence parameters assume continuous transposition. It is not necessary to use
ACLineSegmentPhase instances for transposed three-phase line sections, if all phase wire
types are identical within a section.
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Figure 10 — DCIM line connectivity model

IEC 287/13

There are three ways to specify line impedances using only the IEC61970::Wires model
package from IEC 61970-301:

The AcCLineSegment attributes r, r0, x, x0, bch, bch0, gch, and gch0 may be used for a
balanced model. See 4.4.3.3.1 for usage with single-phase and two-phase line segments.

Provide an association t0 PerLengthSequencelmpedance. This class models an electrical
catalogue, or a library of “line codes” that have sequence impedances and line charging

per unit length.

Multiple

ACLineSegmentsS

will share

one

instance  of

PerLengthSequencelmpedance and will calculate impedance with their length attribute
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inherited from Conductor. See 4.4.3.3.1 for usage of sequence parameters with single-
phase and two-phase line segments.

e Provide an association to PerLengthPhaselmpedance, which references pre-calculated
NxN symmetric impedance and admittance matrices per unit length. This class also
models an electrical catalogue and the inherited length attribute is required. The
conductorCount has to be at least equal to the number of phases, but it could be higher if
the neutral (or other grounded conductor) is retained in the matrix. PhaselmpedanceData
implements Z and Y matrix elements, stored in column order. The attributes r, x, and
sequenceNumber are all required, while b is optional. Only the lower triangular elements
are stored, so that a 3x3 matrix would have 6 elements (i.e., instances of
PhaselmpedanceData). The matrix rows and columns have to be in phase order. A
referencing ACLineSegment will assign row 1 to the first phase present from the ordered
list (A, B, C, s1, s2, N), row 2 to the next phase present, and so on. See also 4.4.3.3.2
below.

To specify impedances using the Assetinfo package, the Conductor.length attribute is
required, because the instance electrical parameters are defined as (per-unit length
parameters) x (Conductor.length). See also 4.4.3.3.3 below.

A WireSpacinglinfo can be associated to the ACLineSegment using either of two methods:

o (PowerSystemResource—Assetinfo) Use the inherited AssetDatasheet association end of
ACLineSegment to reference WireSpacinginfo. This method can also be used to associate
Wirelnfo for its ratedCurrent attribute.

e (PowerSystemResource—Asset—AssetInfo) Instantiate the Asset class, in which Assetinfo
association end references the WireSpacinginfo, and multiple PowerSystemResources
reference each ACLineSegment using that WireSpacinginfo.

For impedance calculations, it is also necessary to associate Wirelnfos to each referencing
ACLineSegment Or ACLineSegmentPhase. Either AssetDatasheet (PowerSystemResource—
Assetinfo) oOr Asset class (PowerSystemResource—Asset—Assetinfo) navigation pattern
accomplishes this. Whenever the AcCLineSegment has associated ACLineSegmentPhases,
each ACLineSegmentPhase should have its own Wirelnfo. If not:

e At least one Wirelnfo shall be associated to the ACLineSegment, and it is assumed to
apply for all phase wires. It also applies to any neutral wires, unless a second, identifiable
Wirelnfo can be associated.

e An optional second Wirelnfo may be associated for the neutral wire, identified as the one
with smallest Wirelnfo.radius attribute value. Whenever this assumption does not apply to
the line, use by-phase modelling with ACLineSegmentPhase.

Figure 10 shows associations between PerLengthimpedance, WireSpacinginfo, and Wirelnfo.
However, these are for asset library management and not for impedance calculations. Either
the AssetDatasheet Or Asset class pattern is required to use WireSpacinglinfo and Wirelnfo for
impedance calculations.

Figure 11 shows the Wirelnfo class hierarchy, used for defining line segment impedances
from physical data (sometimes referred to as “line codes” and “cable codes”). Wirelnfo is a
base class that should not be instantiated directly. Its attributes describe the physical data for
an overhead wire (note that derived OverheadWirelnfo currently has no attributes of its own),
or a cable’s core phase conductor.
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Figure 11 — DCIM conductor (line and cable datasheet) model

Wirelnfo attributes material, sizeDescription, strandCount, and coreStrandCount (for ACSR,
aluminium conductor steel reinforced wire) help to identify the wire, and are often coded into
the instance local name. The minimum required electrical attributes are gmr, radius, and
rAC50. A complete wire table would usually have resistances defined at other temperatures
and frequencies, such as rAc25, rACc75, and rDC20. For ACSR wires, the coreRadius is
optional for frequency-dependent calculation of the gmr. The coreRadius is zero for non-ACSR
wires. The ratedCurrent is the ampacity at 50 ‘C. The ratedCurrent is necessary to interpret
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power flow output, but not for the power flow solution itself. The insulated, insulationMaterial,
and insulationThickness attributes apply mainly to the derived cable classes, but they also
support triplex secondary lines and overhead spacer cable. The cablelnfo attributes describe
additional properties of layers over the conducting core. The diameterOverCore includes both
conductor and semi-conducting screen; it should be the insulation’s inside diameter. The
diameterOverlnsulation is the insulating layer’s outside diameter, not including any outside
screens or semi-conducting layers. The diameterOverScreen includes the insulation plus
screen or semi-conducting layer; it should be the shield’s or sheath’s inside diameter. The
diameterOverJacket is the cable’s outside diameter; it should be the largest diameter value
specified except for concentric neutrals.

The TapeShieldCablelnfo attributes tapeLap and tapeThickness describe a thin tape covering
the cable, usually made of copper, in overlapping turns. The ConcentricNeutralCablelnfo has
attributes for the outer neutral conductors, which typically consist of several solid copper
wires. The number of wires is neutralStrandCount, the radius is neutralStrandRadius, the
geometric mean radius is neutralStrandGmr, and the resistance per wire is
neutralStrandRDC20. These wires are so small that AC resistance is typically not used or
specified. The diameterOverNeutral is the diameter over the concentric neutral strands, which
may be the same as diameterOverJacket.

NOTE The model shown in Figure 11 currently supports the two types of single-conductor cable most commonly
found on distribution systems. Many other cable types found in transmission or industrial systems are not
supported; these include 3-conductor, pipe-type, submarine, and others.

WireSpacinglnfo identifies the line geometry data. The phaseWireCount and phaseWireSpacing
attributes refer to sub-conductor bundling, which is not common for distribution lines, but may
appear on high-voltage transmission lines in the model.

WirePosition defines the horizontal (xCoord) and vertical (yCoord) coordinates of each wire on
the pole or tower cross section, or in the cable trench/duct, and phase identifies which phase
wire is mounted there. All three attributes are required. The overhead wire height above
ground is yCoord, including any sag effects. For underground cables, yCoord is the average
burial depth, entered as a negative number. The wire horizontal position, xCoord, is measured
from an arbitrary but consistent reference line. Common choices for the horizontal reference
are the pole centreline, and the left-most wire position.

Any wires at a WirePosition with phase=N are assumed to be continuously grounded. The
application may eliminate these conductors from the impedance and admittance matrices
through Kron reduction.

Many times, the WirePosition.phase attribute value could change depending on the field
installation. For example, a single-phase line can be used on phase A, B, or €. This requires
three WireSpacinginfo instances, the only difference being three different values for one of the
associated WirePosition.phase values, namely A, B, or €. The WirePostion.phase value for a
neutral wire would not change; it should always be N. In summary, a single-phase line type
requires 3 WireSpacinglnfo instances to cover all phasing possibilities. A two-phase line type
requires 6 instances, and a three-phase line type also requires 6 instances.

4.4.3.3.1 Using sequence impedances (balanced case)

The positive and zero sequence impedances may be transferred through the r, x, r0, and xo0
attributes of PerLengthSequencelmpedance associated with an ACLineSegment instance. The
bch, bOch, gch, and gOch attributes are usually not important for overhead distribution lines.
For three phases, this describes a balanced three-phase, or perfectly transposed, line. The
attributes in PerLengthSequencelmpedance are expressed in units per length, so it is
necessary to multiply their values with the length attribute of Conductor.

NOTE This is equivalent to the attributes of Wires::ACLineSegment, which are pre-calculated for the whole
length of the segment and are defined on each instance of the segment. |In contrast,
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PerLengthSequencelmpedance is referenceable, and as such can be used (through association) by several
segment instances, thus decreasing the amount of data transferred in data exchanges.

If the ACLineSegment has only one or two phases, a balanced model can still be transferred
through the r, x, r0, and x0 attributes. This represents an impedance matrix with equal
complex diagonal elements, Z;, and equal complex off-diagonal elements, Z,,. For a single-
phase line, the attributes to transfer are:

Z1 = ZO = ZS
For a two-phase or three-phase line, the attributes to transfer are:
Z1=Zg—Zp
Zo=Zg+(n-1)Z,

where n is the number of phases. Upon receipt of r, x, r0, and x0, the balanced two-phase or
three-phase impedance matrix is constructed from:

Zg=(Zy+(n—1)Zy) /I n
Zm:(ZO—Z1)/n

The referencing AcLineSegment should have associated instances of ACLineSegmentPhase,
assigned appropriate phase values to show the phases actually present, such as A, B, C, s1,
or s2. The neutral, N, should not appear because any neutral conductor must have been
incorporated into the earth return when sequence impedances are used.

For underground distribution cables, the sequence impedances are also appropriate, including
the bech and boch attributes.

4.4.3.3.2 Using phase impedances (unbalanced case)

Calculated matrix parameters may be transferred by referencing a PerLengthPhaselmpedance
instance, in lieu of the physical model described in 4.4.3.3.3. A matrix model is useful when:

e the target application has no means of calculating parameters from the physical data;

e the underlying physical data is not readily available;

e it is necessary to match the unbalanced line parameters as closely as possible.

For a two-phase line, with the neutral already reduced, the Z and Y matrices will be 2x2, but
due to symmetry, there will only be 3 unique matrix elements. That leads to three associated
instances of PhaselmpedanceData with column-wise storage:

e sequenceNumber = 1 for row 1, column 1 of the matrix;

e sequenceNumber = 2 for row 2, column 1 of the matrix;

e sequenceNumber = 3 for row 2, column 2 of the matrix.

This instance of PerLengthPhaselmpedance could be referenced from an ACLineSegment
having phases AB, Ac, or BC. Row 1 always corresponds to the first phase present and row 2
always corresponds to the second phase present, following the order: A, B, C, s1, s2, N. If the
phase wires are installed in different positions, such that ¢ (for example) should be in row 1, a
new instance of PerLengthPhaselmpedance is required.
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4.4.3.3.3 Using physical parameters

For overhead lines, a physical model can be transferred through reference to a
WireSpacinglinfo instance, which is associated with further classes shown in Figure 11. This
will support calculation of an unbalanced phase impedance matrix through the use of
Carson’s equations, or an equivalent method of handling the earth return. For example,
suppose there are three phase wires, plus a different size neutral wire, on a pole with
horizontal crossarm. This requires one WireSpacinglinfo instance, four WirePosition instances
that describe the four conductor positions, and two Wirelnfo instances describing the phase
and neutral wire types. The length attribute of Conductor shall be used, and many
AcLineSegments will typically refer to the same WireSpacinglinfo instance.

The WirePosition instances have a phase attribute that maps to ACLineSegmentPhase.phase.
The resistance attribute of Wirelnfo should be supplied for fundamental power frequency, and
at the wire’s desired operating temperature for calculations.

A single-phase, concentric neutral cable requires one instance of ConcentricNeutralCablelnfo,
one WireSpacinglnfo with attribute isCable=true, and one WirePosition instance to specify the
burial depth. A three-phase tape shielded cable, with bare neutral conductor, would require
one instance of TapeShieldCablelnfo, one WireSpacinginfo with attribute isCable=true and four
WirePositions for the three phases and neutral. There would also be one Wirelnfo for the
neutral.

4.4.3.4 Distribution transformers
4.4.3.4.1 Electrical model

Figure 12 shows the classes that model power transformer instances. They can use the Wires
package exclusively to define impedance parameters, or make use of the Assetinfo classes
detailed in Figure 13, to define a library of transformer types.

NOTE This part of IEC 61968 (documenting DCIM11) and the corresponding IEC 61970-301 (documenting base
CIM15) reflect consolidated transformer models for transmission and distribution (T&D). Therefore, the classes
from |EC 61968-11:2010 (1% edition) have been slightly modified and moved from model package

IEC61968::WiresExt into model package IEC61970::Wires of the base CIM, IEC 61970-301 (5" edition).
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Figure 12 — DCIM transformer connectivity model

PowerTransformer is the top-most instance for a power transformer, whether composed of a

three-phase

tank, or

possibly different

single-phase

tanks.

It descends from
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ConductingEquipment, and therefore, has associated Terminals with phases attribute values at
each winding connection point. In the CIM, a transformer winding is referred to as an “end”.

When composed of different tanks, a PowerTransformer has often been called a “transformer
bank”, and the CIM supports modelling with or without tanks. In distribution systems,
independent phase voltage regulators and open wye/open delta transformers provide two
examples that require tank-level modelling. At the transmission level, EHV transformer banks
may also contain single-phase transformers, which need not be identical, especially when a
spare is in service. The vectorGroup attribute for protective relaying is derived from the
internal winding connections and phase angles; it uses IEC 60076-1 nomenclature to describe
any number of windings that may be included in the bank.

When used, the TransformerTank must be associated with a PowerTransformer. It inherits
from  Equipment, not ConductingEquipment. The tank may have associated
TransformerTanklinfo from the Assetinfo package, for asset datasheet modelling, described in
more detail later with Figure 13 and 4.4.3.4.2. Because transformer testing is done on tanks,
the datasheets are fundamentally associated with tanks. When not using tanks in the model,
the PowerTransformer can still have an association to PowerTransformerinfo, for asset
datasheet modelling. In both cases, the data actually resides in TransformerEndinfo
instances, associated to a TransformerTanklInfo.

There are two methods of referencing transformer asset datasheets, and a profile may prefer
one over the other:

e (PowerSystemResource—Assetinfo) Use the AssetDatasheet association end of either
PowerTransfomer Or TransformerTank, to reference either PowerTransformerinfo or
TransformerTanklinfo, respectively, or

o (PowerSystemResource—Asset—AssetInfo) Instantiate the Asset class, in which Assetinfo
association end references either the PowerTransformerinfo or TransfomerTankinfo, and
multiple PowerSystemResources reference each PowerTransformer Or TransformerTank
using that datasheet.

TransformerEnd, which was called TransformerWinding in earlier versions of CIM and was a
ConductingEquipment, iS not anymore a ConductingEquipment, but it does have one
associated Terminal with phasing information. The magBaseU, magSatFlux, and bmagSat
attributes represent core saturation, typically modelled at no more than one of the ends. The
other instance attributes define the grounding options:

e solidly grounded: grounded = true, rground = 0, xground = 0;

e impedance grounded: grounded = true, rground = 0, xground = 0;

e ungrounded: grounded = false.

TransformerEnd should not be instantiated directly; one of its two descendants should be
instantiated:

e PowerTransformerEnd, if not using tank-level modelling. Specify the ratedU and rateds
attribute values for winding rating data, and connectionKind for the wye, delta, or other
type of connection.

e TransformerTankEnd, if using tank-level modelling. The winding connection and rating
values come from a TransformerTankEndInfo instance, which means that the Assetinfo
package is required for tank-level modelling. The phases attribute supports by-phase tank
modelling.

With PowerTransformer and PowerTransformerEnd, there are three ways of specifying
impedance parameters using only the 1IEC61970::Wires model package from IEC 61970-301:
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e Use the r, x, r0, x0, b, b0, g, and g0 attributes of PowerTransformerEnd to specify pi
impedance parameters. This is the option most compatible with earlier versions of
IEC 61970-301, and there are some important conventions described in that standard.

e Use one associated TransformerStarimpedance for each PowerTransformerEnd,
comprising a star equivalent (also sometimes called tee or wye equivalent). This can be
mathematically exact for up to three ends (windings). However, negative attribute values
may occur in the case of three ends. Optionally, use one TransformerCoreAdmittance
associated to one of the PowerTransformerEnds, representing the exciting current and
core losses. This can be the lowest-voltage winding (i.e. closest to the core), or the
winding that was actually subjected to a no-load test, if known. The reference voltage for
all attribute values, which have units of ohms or siemens, must be ratedu for the end to
which the impedance or admittance is connected.

e Use a TransformerMeshimpedance associated to each combination of
PowerTransformerEnd pairs. There shall be (numberEnds-1) x numberEnds / 2 of these;
for example, one TransformerMeshimpedance between two ends, three of them between
three ends, six of them between four ends, etc. The advantages of a mesh model are: (a)
it is mathematically exact for more than three ends, (b) it has no negative attribute values,
and (c) it corresponds more directly with transformer short-circuit test data. The reference
voltage shall be ratedU of the FromTransformerEnd (note the other end nearly always has
a different rated voltage). Optionally, use one TransformerCoreAdmittance as described
for the star equivalent.
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4.4.3.4.2 Datasheet model

Figure 13 shows the classes that allow for exchange of transformer datasheet models,
sometimes referred to as “transformer codes” in applications.
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Figure 13 — DCIM transformer datasheet model

The main class is TransformerEndInfo, which contains rating and connection data for the
corresponding transformer winding. Rating data includes ratedU, ratedS, shortTerms,
emergencyS, and insulationU. The r attribute is the winding’s DC resistance.

Connection data is contained in attributes connectionKind, phaseAngleClock and endNumber.
The endNumber attribute is the winding’s order in the vectorGroup of the referencing
PowerTransformer and is used to map the data to TransformerEnd.endNumber. The associated
Terminal.sequenceNumber could also use the same TransformerEnd.endNumber, but this is
not required. By convention, the endNumber usually starts at 1 for the highest voltage winding,
and all other windings are numbered in order of decreasing voltage rating. Some transformers
have more than one winding with the same ratedU, split-secondary transformers providing just
one example, and they shall have different endNumbers.

WindingConnection enumeration, used as type for the connectionKind attribute, includes the
standard D, Y, Z, Yn, and zn nomenclature to describe delta, wye, zigzag, and neutral
connections in three-phase transformer vector groups. A is used for a common
autotransformer winding, and 1 for a single-phase transformer winding.
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The endNumber attribute allows the datasheet library to be used and updated with just one
association to PowerTransformerinfo Or TransformerTankinfo. The TransformerTankinfo and
PowerTransformerinfo provide two navigation paths to TransformerEndinfo. With
PowerTransformerinfo, it may be necessary to create an artificial TransformerTankiInfo for
model transfer, because datasheets are at the tank level. A PowerTransformerinfo instance
actually refers to a collection of one or more tanks.

TransformerTanklnfo is referenced by the TransformerTank (inherited PowerSystemResource—
Assetinfo) and PowerTransformerinfo (directly). It serves mainly to organize the data into a
library with one entry point. TransformerTankiInfo collects associations to TransformerEndinfo,
which generalizes to any number of windings.

There are two ways of specifying impedance parameters in a datasheet model:

e Associate TransformerEndInfo to the TransformerMeshimpedance,
TransformerStarimpedance, and TransformerCoreAdmittance classes of the
IEC61970::Wires model package from IEC 61970-301. These associations were shown in
Figure 12 and described in 4.4.3.4.1.

e Use TransformerTest and its three descendant classes, shown in Figure 13. Each
application is responsible for converting the test data to mesh equivalent, star equivalent,
or some other electrical impedance model.

TransformerTest is the parent class for all of the transformer test classes, with basePower and
temperature attributes applicable to all tests. basePower is essential for converting datasheet
values to impedance or admittance at the correct reference voltage.

NoLoadTest's attributes excitingCurrent, excitingCurrentZero, loss, and lossZero are all
measured on the EnergisedEnd winding and provide the basic data for a core admittance
branch. Positive and zero sequence test data can be reported in the same instance of
NoLoadTest. This test is generally done with rated voltage applied to the energised winding,
but different values can be specified in energisedEndVoltage, and several tests may be
provided to define core saturation parameters.

ShortCircuitTest is done by circulating rated current through the EnergisedEnd winding, with
one or more GroundedEnds windings short circuited. It provides the basic data for the mesh or
star equivalent circuit. If tests were done at different tap settings, the tap values are specified
in energisedEndStep and groundedEndStep. Positive and zero sequence test data can be
reported in the same instance of ShortCircuitTest. The AC resistances derived from loss and
lossZero are likely to differ from the winding DC resistances, TransformerEndInfo.r, which are
obtained from a separate test.

OpenCircuitTest's attributes openEndVoltage and phaseShift are measured on a single open
winding, when the EnergisedEnd has energisedEndVoltage applied to it. Tap settings for both
windings are specified in energisedEndStep and openEndStep. The tests are done to verify the
transformer turns ratio, winding connections, and winding polarity. They are usually not
required to determine electrical impedance parameters.
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4.4.3.4.3 Tap changer model

Figure 14 shows the classes used to model a possibly unbalanced distribution voltage
regulator. A RatioTapChanger is associated to a TransformerEnd. Each regulator uses
autonomous local control, so that RegulationSchedule and TapSchedule (present in
IEC 61970-301 and typically used in transmission) are not used here. Phase angle regulators
and variation curves are also not generally used on distribution systems.
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Figure 14 — DCIM tap changer model

A three-phase line voltage regulator usually has three independent regulators to help correct
voltage unbalance. The regulators are usually connected in wye. The model starts with a
PowerTransformer containing three TransformerTanks, and a total of SiX
TransformerTankEnds. There will be three instances of RatioTapChanger, each associated to a
different TransformerTankEnd. The RegulatingControl.monitoredPhase attribute should be
included among the Terminal.phases associated with the PowerTransformer. The tap
positions, and sometimes the other attributes, will not be the same in each phase of the
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regulator. An open-delta regulator is also fairly common; this consists of two single-phase
regulators connected line-to-line in a bank, with partial capability to correct voltage
unbalance.

A three-phase substation voltage regulator usually changes all three taps together, with no
ability to correct voltage unbalance. In this case, tank-level modelling is not required and the
model might consist of one PowerTransformer with two PowerTransformerEnds. There would
be just one RatioTapChanger associated to one PowerTransformerEnd. The
RegulatingControl.monitoredPhase attribute can be A, B, or ¢ if the potential transformer is
connected line-to-ground. It can also be AB, Ac, or BcC for line-to-line potential transformers.
Typically, only one potential transformer controls this type of regulator.

4.4.3.4.4 Example distribution transformer

The transformer in Figure 15 shows an open wye/open delta bank, which is used to supply
inexpensive, three-phase service to smaller customers.

Open wye — Open delta transformer C
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Figure 15 — Example of a distribution transformer that can be modelled with DCIM

Table 1 shows some of the important attribute values for this example. It requires tank-level
modelling.

Table 1 — Open wye/open delta transformer bank connections

Transformer Transformer ratedU ratedS Connection phaseAngle Transformer
Tank TankEnd Type Clock TankEnd.
phases
Xfmr 1 Wdg 1 7 200 100e3 | 0 AN
Wdg 2 120 50e3 | 0 AN
Wdg 3 120 50e3 | 6 BN
Xfmr 2 Wdg 1 7 200 50e3 | 0 BN
Wdg 2 240 50e3 | 0 BC

A phase angle clock value of “6” indicates that Wdg 3 is actually from N to B, rather than B to
N. Through the Terminals, ConnectivityNode 1 will have phases ABN present. Other
connected equipment, such as a line segment, could add phase €. ConnectivityNode 2 will
have phases ABCN present. The “lighting leg” (Xfmr 1) usually has a different rating than the
“power leg” (Xfmr 2). This means that phase and rating assignments to the bank might be
ambiguous, and thus need to be specified on TransformerTankEnd.
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4.4.3.4.5 Example autotransformer

An autotransformer is made by connecting two transformer windings in series, so there is a
metallic connection between the two voltage levels. The main advantage is a cost savings,
because the MVA rating is higher than for the same two windings connected as a
conventional transformer. Autotransformers are also more efficient and have less voltage
drop. The main disadvantage is probably higher short circuit current in fully developed
systems, because autotransformers have lower impedance. Two common applications are:

e Transformations between two extra-high voltage (EHV) levels in a substation, where the
cost savings are important for turns ratios up to approximately 2:1.

e Line voltage regulators on distribution feeders, where the regulating (buck/boost) winding
is connected in auto.

Figure 16 shows a two-winding transformer to the left, with a short-circuit test connection on
the L winding terminal. All of the current is transformed magnetically, and the turns ratio is
nq:ny. To the right, the same two windings are connected as an autotransformer. The red
current flows directly to the short-circuit test connection on the L winding terminal. In addition,
the magnetically transformed blue current also contributes to the short-circuit current, which is
higher than in the two-winding case. The autotransformer turns ratio is (n4+n5):n,. The H
winding is sometimes called the series (S) winding in an autotransformer, and the L winding is
sometimes called the common (C) winding in an autotransformer.

2-winding transformer Autotransformer

—D (Yan)
H °

n1 With delta tertiary
(Yand1)

L oT
; :
-4
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Figure 16 — Example of a two-winding transformer connected as an autotransformer

The IEC 60076-1 vector groups define grounding and phase shift characteristics of each
winding, which are important for protective relaying, paralleling, and other applications —
Figure 16 shows these in parentheses. “Ynyn” denotes a transformer with two windings, both
wye grounded. (External neutral impedance may still be added, but is not listed in the vector
group). The autotransformer could also be denoted “Ynyn”, because it has the same neutral
connection and phase shift characteristics. However, some transformer vendors use “A” or “a”
to denote an autotransformer winding. Figure 16 shows the “Yan” vector group for an
autotransformer. Even though the H terminal has a conducting path to neutral through the L
winding, the H winding itself is not connected to the neutral. As per IEC 60076-1, the highest
voltage winding is capitalized in the vector group, while all other windings are lower-case. In
practice, this means the “a” for an autotransformer would always be lower case.

Many autotransformers have a delta tertiary, shown to the right of Figure 16. The vector group
would be “Yand1”, where the 1 refers to a 30° lag (1 o’clock) with respect to the H winding.
The Zyr mesh impedance value is affected by the auto connection, but not the Z  mesh
impedance value. The effect on Zy; is not presented here, but may be found in several
technical references.
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The conversions from two-winding data (left side of Figure 16) to autotransformer turns ratio
(N), volt-ampere rating (S,1,) @nd mesh impedance (Z,,;,) on the right side of Figure 16 are:

N=1+n4/ny
Sauto = S2-wdg [V / (N - ]
Zauto = Z2-wdg [(N=1) / N]?
In per-unit, the converted autotransformer impedance (Z,_yto) is:

VA Z /' N

pu-auto ~ 4pu-2-wdg
For example, suppose the 2-winding transformer is 115/115 kV, rated 100 MVA, with 10 %
impedance on 100 MVA. The turns ratio is 1:1. Viewed from either winding, the short-circuit
impedance is 13,225 Q. Connected as an autotransformer, 230/115 kV, the turns ratio is 2:1
(N=2) and the rating is 200 MVA. Viewed from the 115-kV terminal, the short-circuit
impedance is 3,306 25 Q, which is 5 % on the new rating of 200 MVA. The iron core and
copper winding costs are half of what they would be for a conventional 2-winding transformer
of the same rating. The total cost is somewhat more than 50 %, because the L winding leads
must carry more current, and the H winding must be insulated for a higher voltage. The test
sheet for this autotransformer would show a voltage ratio of 230 / 115 kV, a rating of
200 MVA, and a short-circuit impedance of 5 %.

It is common to model an autotransformer as a conventional two-winding transformer, using
data from the test sheet, ignoring the fact that the windings are actually connected in series.
However, there are times when the difference is important, such as more accurate core
modelling, or more accurate modelling of the impedance vs. tap characteristic. It is possible to
derive the physical autotransformer model in Figure 16, if the series and common windings
have been identified.

In the CIM, an autotransformer should be modelled with conventional two-winding data for
impedances, admittances, and ratings, as typically found on autotransformer test reports.
Each physical winding will have a corresponding PowerTransformerEnd Or
TransformerTankEnd in the CIM. It is optional to specify the autotransformer connection with
an attribute value A for connectionKind on the common end, and with “an” appearing as part
of PowerTransformer.vectorGroup for that end. The series end shall then have attribute value
Y for connectionKind. The series and common endNumbers should be 1 and 2, respectively.
The receiving application may then derive the physical autotransformer model if needed. To
ignore autotransformer connections in the model, specify Yn for connectionKind on both
series and common ends; there is no restriction on the endNumbers. The connectionKind
attribute appears on TransformerEndinfo if using tank-level modelling and on
PowerTransformerEnd if not using tank-level modelling. Note that A, Y, D, and z are always
capitalized in connectionKind, but whenever the endNumber is greater than 1, they should be
lower-cased in the vectorGroup.
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This edition of IEC 61968-11 includes the means to model auxiliary equipment through the
IEC61970::Wires model package from IEC 61970-301, shown in Figure 17.
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Figure 17 — DCIM auxiliary equipment

IEC 294/13

An important addition is the association of any AuxiliaryEquipment with a Terminal, which
allows for positioning of the auxiliary devices in the electrical network connectivity model. For
instance, it is now possible to explicitly model instrument transformers, position them on
single line diagrams along with the usual ConductingEquipment and deduce the Measurements
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that they actually produce. This kind of data exchange would be typical when importing
substation models defined with other data models than CIM.

Also, it is now possible to exchange the “placement” in the network of Faultindicator
instances, as used for fault location, isolation and restoration purposes to assist with the
dispatch of crews to the part of the network (ACLineSegment) where the fault most likely
happened.

The addition of the Sensor class provides the point of extensibility for other kinds of sensing
equipment than the instrument transformers and PostLineSensor.

NOTE In this part of of IEC 61968 (documenting DCIM11), there is no support for datasheet modelling of any of
these auxiliary devices, i.e., Figure 18 shows the Assetlnfo class without specialisations. It is planned to add the
corresponding assets model classes in the next edition, to allow for more detailed description of these assets in
support of data exchanges required by IEC 61968-3 and IEC 61968-4.

4.4.4 Customers model

The customers package introduces classes, shown in Figure 18, that are needed for the
enterprise integration of customer information and billing systems and the information they
exchange with other enterprise systems.
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Figure 18 — DCIM customers model

A customer is an organisation receiving services from one or more ServiceSuppliers. A
Customer may have multiple CustomerAccounts and/or CustomerAgreements.
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A CustomerAccount is the mechanism for customer billing and payment. It is used to create
billings (invoices) for a Customer and to receive payment. A CustomerAccount will typically be
billed on a defined schedule/billing cycle. A CustomerAccount can support the aggregate
billing across multiple CustomerAgreements. Thus there may be multiple CustomerAgreements
linked to a given CustomerAccount.

A CustomerAgreement is the agreement between the Customer and the ServiceSupplier to pay
for service at a specific service delivery point (UsagePoint, see metering model in 4.4.5.1). It
identifies certain billing information wused during cCharge creation, including the
PricingStructure.

A PricingStructure is a grouping of pricing components and prices used in the creation of
customer charges and the eligibility criteria under which these terms may be offered to a
Customer. The reasons for grouping include regulatory jurisdiction, customer classification,
site characteristics, classification (i.e. fee price structure, deposit price structure, electric
service price structure, etc.) and accounting requirements. A PricingStructure can embody
one or more Tariffs which are often referred to as rate schedules.

CustomerAccount, PricingStructure and CustomerAgreement are all specialisations of
Document, either directly or through the Agreement class. This demonstrates the intended
usage of the Document class by specialising it as appropriate, and never using the Document
class directly for relationships.

A ServiceCategory is the category (electric, water, gas, etc.) of service provided. A
ServiceSupplier is the organisation that provides services to customers. There are multiple
types of ServiceSuppliers (for e.g. utility, retailer, or other). A given ServiceSupplier can
provide services in multiple instances of ServiceCategory.

A ServiceLocation is a real estate location, commonly referred to as the premises to which
one or more services may be delivered. It may have multiple UsagePoints; however, each
UsagePoint will be for one and only one ServiceCategory. Additionally, a ServiceLocation may
have multiple UsagePoints for a given ServiceCategory.

NOTE This part of IEC 61968 (documenting DCIM11) provides customer modelling for the needs of IEC 61968-9
only. The next editions will present more comprehensive model in support of IEC 61968-8 and IEC 61968-6, as
well.

4.4.5 Metering model
4.4.51 General

The Metering package introduces classes essential to the enterprise integration of metering
systems and the information and control commands they exchange with other enterprise
systems.

Figure 19 illustrates classes that are specific to the metering domain; 1% refer also to Figure 18
in 4.4.4 for customer-related classes, also relevant in the metering domain.

15 Because of the number of classes contained, only their names and relationships are shown in the figure;
4.4.5.2 t0 4.4.5.7 zoom into subsets of related classes.
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Figure 19 — DCIM metering model

These classes support typical metering domain entities, as well as concepts required for
operational data exchanges. 4.4.5.2 to 4.4.5.7 describe related subsets in more detail. 4.4.5.2
through 4.4.5.4 focus mainly on the domain entities that typically need to be configured in
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order to enable operational data exchanges. These types of operational data exchanges are
described in greater detail within 4.4.5.5 through 4.4.5.7.

4.4.5.2

Usage points

One of the cornerstone concepts in the metering model is the UsagePoint, shown with its
relationships in Figure 20.
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Figure 20 — DCIM usage point model
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The UsagePoint is the logical or physical point in the network to which MeterReadings or
EndDeviceEvents may be attributed. It is used at the place where a physical or virtual Meter or
other EndDevice may be located; however, it is not required that the device be present.

A UsagePoint can be a service delivery point which is defined as the point of demarcation in a
network where ownership transitions from ServiceSupplier t0 Customer (see Figure 18).

A UsagePoint may have zero or more MetrologyRequirements which define the ReadingTypes
that must be acquired or calculated for the UsagePoint.

UsagePointLocation defines the physical location of UsagePoints.

MeterServiceWorks are dynamically associated with a UsagePoint, and provide for an explicit
specification when the work consists in meter replacement, through its oldMeter association
end.

UsagePoint is the class providing the link between the network-oriented model of electrically
connected equipment on the one hand, and the asset and premises-oriented model of the
metering domain on the other. That linkage can be realised through the relationship of
UsagePoint with Equipment, the class defined in the 1EC61970::Wires model package from
IEC 61970-301. This relationship allows for exchanging the configuration of relationships
between at least the following concepts in the two domains:

e A TransformerTank supplies power to one or more connected UsagePoints. The knowledge
of this relationship is required by certain outage management and distribution network
management functions.

e One or more UsagePoints may represent aggregated EnergyConsumers, as seen by typical
control room systems.

e Instrument transformers (CurrentTransformer and PotentialTransformer) physically
installed at a UsagePoint may be explicitly modelled through this relationship, and their
datasheet information can be defined in one system and shared with the other systems.

UsagePoints may be dynamically grouped into multiple UsagePointGroups, targeted at
operations involving MeterReadings, EndDeviceControls, and potentially other metering
operations to defined groups of EndDevices and/or UsagePoints. Messages between
enterprise systems are utilised to synchronise each system’s understanding of the
membership of each group.

4.4.5.3 End devices

Another essential concept in the metering domain modelled in DCIM is that of EndDevices,
shown with its relationships in Figure 21.
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Figure 21 — DCIM end device model
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An EndDevice iS an AssetContainer that performs one or more EndDeviceFunctions. One type
of EndDevice is a Meter which can perform metering, load management, connect/disconnect,
and other functions. An EndDevice can also be used to model a premises area network (PAN)
device, which may perform functions such as in-home display and control and monitoring of
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premises-based equipment such as air conditioners, refrigerators, pool pumps, etc. One or
more PAN devices can be linked to a Meter or a UsagePoint.

Multiple EndDevices, thus also multiple Meters, may be linked to a given UsagePoint.
However, it is relatively common to encounter enterprise systems requiring a separate
UsagePoint for each Meter.

EndDevices may have communication capability that is integral to the EndDevice. Also, the
communication capability of EndDevices may be provided by one or more ComModules; this
containment is inherited through the AssetContainer—Asset association.

A Meter can be a physical or virtual EndDevice that performs the metering function. A physical
meter exists when there is real world hardware that performs the metering function. A virtual
meter is realised in the absence of real world hardware and for example can be defined to
perform functions such as aggregating the consumption for two or more physical meters.

Meters can have one or more Registers, which are devices that indicate or record units of a
commodity or other quantity measured. Each Register in turn can have one or more Channels.
Each channel is however reserved for one and only one ReadingType.

A channel is a single path for the collection or reporting of a Register’s values over a period of
time. For example, a Register which measures forward energy can have two Channels: one
providing bulk quantity readings and the other providing interval readings of a fixed interval
size.

A ReadingType instance is used as a unique identifier that specifies the attributes required to
fully characterize a Reading. A Reading is a specific value measured or calculated by a Meter
or system.

NOTE Attributes of ReadingType, currently defined as strings in the UML model, will hold integer values
defined in Annex C of IEC 61968-9:2009 in the data exchanges. It is the intention to model those values as
enumeration literals in some of the next editions of IEC 61968-11. Harmonisation will be required with the

equivalent enumeration types defined in the IEC61970::Domain model package from IEC 61970-301, for the
following attributes of ReadingType: phases, multiplier, unit and currency.

4.4.5.4 Configuration events

In contrast to electrical network models, where there is usually one system that is the master
data source, in the metering domain there may be several systems of record, each being a
master for only a subset of business entities. Therefore, tracking of configuration changes
requires high flexibility and is therefore modelled with ConfigurationEvent instances, as shown
in Figure 22.
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Figure 22 — Configuration events for metering

ConfigurationEvent is a specialisation of ActivityRecord, used exclusively to exchange data
about configuration changes for various objects: Assets, Locations, Documents,
OrganisationRoles, UsagePoints and instance of ServiceCategory.

4.4.5.5 Meter readings

Meter readings are exchanged between enterprise systems to support functions such as
billing, demand response, load management, system planning, and revenue protection.
Figure 23 illustrates classes that support this kind of data exchange.
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Figure 23 — DCIM meter readings model
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MeterReadings may consist of various combinations of Readings and IntervalBlocks. Readings
represent values (either measured or calculated) at a specific point in time and that are
characterised by a ReadingType and one or more instances of ReadingQuality. IntervalBlocks

represent collections of Readings at equally spaced time intervals.

A typical use case for Readings is that of a metering system or meter data management
system providing a billing system with midnight register readings. IntervalBlocks can be used
to provide a customer information system with finer grained consumption readings, for
example for 15-min or hourly periods. The latter may be needed directly for billing or to

apportion consumption into time-of-use periods which may be billed at different rates.
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NOTE Although both Reading and IntervalReading specialise the class MeasurementValue, defined in
the IEC61970::Meas model package from IEC 61970-301, there is very little in common between the two models
for measurements. The only attribute from MeasurementValue used is timeStamp; none of its association
ends is used. Even if it is possible to associate a Reading with an instance of Measurement, source, value,
quality and type definitions are completely different. Therefore, for applications or systems that would like to
process a Reading as a MeasurementValue, or vice versa, the standard DCIM currently does not provide any
support for transformation between the two representations.

4.4.5.6 End device controls and events

Certain end devices are capable of performing actions in response to control, or to detect the
occurrence of particular events and to capture and transmit to other systems specific details
about these events. DCIM model classes supporting this kind of data exchange are illustrated
in Figure 24.
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Figure 24 — DCIM end device controls and events model

An EndDevice may be capable of acting upon EndDeviceControl commands. Examples include
automated connect or disconnect of service by a Meter, resetting the demand register of a
Meter, displaying a text message on a PAN device, communicating pricing information to a
PAN device or other EndDevice, etc.
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EndDeviceControl commands are typically requested by enterprise systems such as a
customer information system, and ultimately are passed to the metering system for execution.
An EndDeviceControl specifies the desired control action using an EndDeviceControlType. The
enterprise system may request a control for immediate execution or execution at a later date
and time.

Systems may target EndDeviceControls to individual EndDevices (or MeterS) or UsagePoints.
Alternately, they may target one or more EndDeviceGroups Or UsagePointGroups.

Certain EndDevices may be programmed to control other equipment which is not the direct
subject of the EndDeviceControls. For example, a PAN device may be sent the details of a
demand response event (using an EndDeviceControl) which will ultimately result in the
switching on and off of equipment such as air conditioners, pool pumps, etc. For this data
exchange, the information required to “program” the PAN device is communicated in the
EndDeviceControl with an associated EndDeviceAction (which is further specialised as
PanDemandResponse, PanPricing, Or PanDispIay).

Figure 24 shows also the classes relevant for modelling EndDeviceEvents; they are detected
and captured by EndDevices and transmitted to other enterprise systems. EndDeviceEvents
frequently originate in a metering system (which is in direct communication with the
EndDevice) and are transmitted to other systems as trigger events for the execution of various
business logic actions. Examples of EndDeviceEvents include loss or restoration of power,
loss or restoration of communication functions, meter tampering alarms, reverse rotation
flags, and many, many others. For example, power loss alarms could be communicated to an
outage management system for diagnosis of outage extent. Or, reverse rotation and
tampering alarms could be transmitted to a system responsible for detecting power theft or
other revenue protection issues.

An EndDeviceEvent specifies the event using an EndDeviceEventType.

Events detected by EndDevices may occur spontaneously (in an unsolicited manner) or as a
direct result of an EndDeviceControl command. In the latter case they are often referred to as
“consequential events”. EndDeviceEvents are typically associated to a UsagePoint.

4.4.5.7 Meter service requests

DCIM model also provides a basic support for data exchanges in the context of work
management related to end devices. Relevant classes have been shown in Figure 20.

MeterServiceWork is a specialisation of Work, where an EndDevice is involved.

For example, it may be necessary to install, remove or configure Meters as a consequence of
the registration of a new Customer, removal of a Customer or the switch of a Customer from
one ServiceSupplier to another. There may also be the need to change out a Meter which
involves the removal of the old Meter, installation of the new Meter and configuration of the
new Meter as needed by the metering system.

MeterServiceWork also provides support for collections of MeterReadings taken in conjunction
with the service work being performed.

4.4.6 Payment metering
4.4.6.1 General

Payment metering is an extension of the Metering model package and contains the
information classes that support specialised applications such as prepayment metering.
These classes are generally associated with the collection and control of revenue from the
customer for a delivered service.
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4.4.6.2 Transacting

A payment metering system generally facilitates financial transactions between a customer
and a service provider. The relevant information describing these transactions is typically
recorded in the payment system and this information is subsequently exchanged with another
system such as the customer information or billing system. A typical example of realising such
an information recording scheme using some of the classes found in the PaymentMetering
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model package is shown in Figure 25.
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Figure 25 — DCIM transacting model

The core of information in this model is the Transaction class, which captures all the relevant
information about the transaction and also includes extended information such as when a
payment is made against a CustomerAccount, payment against an AuxiliaryAccount, purchase
of a prepaid Token for a prepayment service meter and the pricing that was used to calculate

the amount charged for such a sale.

IEC 302/13
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Transaction information may be further aggregated and sorted into cashierShift and
VendorShift groupings for accounting and reconciliation purposes against a Cashier and
Vendor who are accountable for the revenue collected during the particular Transaction.

4.4.6.3 Receipting

A transaction generally involves the receipt of revenue from the customer, which may take the
form of cash, cheque or card for example. The capture and subsequent exchange of
information describing the properties of this revenue may be realised by means of the model
example shown in Figure 26.

Card Cheque
+ covNumber: String [0..1] + kind: ChequeKind [0..1]
+ expiryDate: Date [0.1] + date: Date [0..1]
+ pan: String [0.1] +  micrMumber: String [0..1]
+ accountHolderMame: String [0..1] + chequeNumber: String [0..1]
=+  bankAccountDetail: BankfccountDetail [0..1]
+Card | 0.1
0.1 +Cheque
IdentifiedObject
+Tender Tender +Tender
1 + kind: TenderKind [0..1] ]
+ amcunt: Money [0..1]
+ change: Money [0..1]
+Tenders | 1.7
+Receipt | 1
IdentifiedObject
+Receipts . .
Receipt +Receipts
‘ 0." |+ isBankable: Boolean [0.1]] 0= ‘
=+ line: LineDetail [0..1]
+Cashiershift +VendorShift
R 0.1
Cashiershift VendorShift
+ cashFloat: Money [0..1] + merchantDebitdmount: Money [0..1]
| o + posted: Boolean [0..1]
+Cashiershifts | .~
+VendorShifts
IdentifiedObject
Shift

+ activitylnterval: DateTimelnterval [0..1]

<+ receiptsGrandTotalBankable: Money [0..1]

+ receiptsGrandTotalMenBankable: Money [0..1]
+  receiptsGrandTotalRounding: Money [0..1]

~Cashier + transactionsGrandTotal: Money [0.1] +vendor
+ transactionsGrandTotalRounding: Money [0..1]
0.1 0.1
IdentifiedOkject IdenmtifiedObject
Cashier Vendor

IEC 303/13

Figure 26 — DCIM receipting model

When a customer tenders payment during a transaction, the information is typically captured
in the Receipt, Tender, Card and Cheque classes.
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Receipt information may be further aggregated and sorted into CashierShift and VendorShift
groupings for accounting and reconciliation purposes against a Cashier and Vendor who are
accountable for the revenue collected during the particular Transaction.

44.6.4

Auxiliary payments

In addition to the typical payments made by customers for services provided by the service
provider such as a utility, it is often required to receipt payments for other items such as debt,
rates, taxes, municipal fines, TV licences, garbage collection charges, etc. The collection of
such revenue may be integrated with token sales and customer account payments by means
of auxiliary agreements and auxiliary accounts, an example of which is shown in Figure 27.
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Figure 27 — DCIM auxiliary agreement model

AuxiliaryAgreement essentially extends from CustomerAgreement and captures the static
rules of how the auxiliary account is managed. It captures the dynamic information about the
charges and payments made against the account.
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Charge allows for nested structures of charges to be levied against the CustomerAccount in
accordance with the rules set in AuxiliaryAgreement and allows for fixed charges, variable
charges and percentage charges.

4.4.6.5 Pricing and tariff structures

Pricing structures may contain tariffs, which are often quite complex in structure and
operation. Most tariffs levy charges that are time-based or consumption-based, both of which
are interval-based. A model to realise such complex tariff structures is shown in Figure 28.
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Figure 28 — DCIM pricing structure model

TariffProfile determines the cycle of operation for the Tariff, such as hourly, daily, weekly,
monthly, etc, at the end of which it resets to start at the beginning of the process again.

TimeTariffinterval determines the starting time for a particular interval and several instances
of TimeTariffinterval may be used to construct a series of time intervals to realise a time of
use tariff for example.

Alternatively consumptionTimelnterval determines the starting value of a consumption interval
and several instances of ConsumptionTimelnterval may be used to construct a series of
consumption intervals to realise a block tariff or a step tariff for example.
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The price per service unit per time interval or per consumption interval is determined by the
Charge class, which provides for nested charge structures and allows for fixed charges,
variable charges and percentage charges.

For very complex tariff structures, the TimeTariffinterval and ConsumptionTimelnterval may
be combined to provide for time-based and consumption-based charges simultaneously.

4.5 Other

45 to 4.8 of IEC 61970-301:— describe CIM modelling tools, CIM extensions, and
implementation conventions.

5 Detailed model

5.1 Overview

The common information model (CIM) represents a comprehensive logical view of information
exchanged among different systems in electrical utilities. This definition includes the public
classes and attributes, as well as the relationships between them. 5.2 describes how Clause 6
is structured. Clause 6 is automatically generated from the CIM model maintained with the
tools described in 4.6 in [IEC 61970-301:—.

5.2 Context

The CIM is partitioned into subpackages. Classes within the packages are listed in the order
they are defined in the UML model. Native class attributes are listed first, followed by
inherited attributes in order of depth of inheritance. Native associations are listed first for each
class, followed by inherited associations in order of depth of inheritance. The associations are
described according to the role of each class participating in the association. The association
ends are listed under the class at each end of an association.

Figure 1 shows that distribution CIM (this document) depends on base CIM (IEC 61970-301).
This document includes the detailed description of the contents of 1IEC61968 package only,
and references several classes, attributes and association ends included in 1EC61970
package.

For each package, the model information for each class is fully described. Attribute and
association end information for native and inherited attributes is documented as in Table 2
and Table 3. For any inherited attributes or association ends the “description” column will
contain text indicating the attributes are inherited from a specific class. The description
column for native attributes and association ends contains the actual description.

Table 2 — Attribute documentation

name type description
native1 Float A floating point native attribute of the class is described here.
native2 ActivePower Documentation for another native attribute of type ActivePower.
name String inherited from: IdentifiedObject

In the attribute documentation (Table 2), in some cases, an attribute is a constant, in which
case the phrase “(const)” is added in the name column of the attributes table. In such cases
the attribute normally has an initial value also which is preceded by an equal sign and
appended to the attribute name.
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Table 3 — Association ends documentation

[mult [mult to] name type description

from]

[0..1] [0..*] PowerSystemResources PowerSystemResource All power system resources at this
location.

[0..1] [0..*] ConfigurationEvents ConfigurationEvent All configuration events created for this
location.

[0..7] [0..1] CoordinateSystem CoordinateSystem Coordinate system used to describe

position points of this location.

[1..1] [0..*] PositionPoints PositionPoint Sequence of position points describing
this location, expressed in coordinate
system 'Location.CoordinateSystem'.

[0..1] [0..*] Assets Asset All assets at this location.
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

In the association end documentation (Table 3), the first column describes the multiplicity at
this end of the association (i.e., how this class participates in association). The second
column describes the other association end. Its multiplicity is included in brackets. The
association end name is listed in plain text. The class at the other end of the association is in
the third column. A multiplicity of zero indicates an optional association. A multiplicity of “*”
indicates any number is allowed. For example, a multiplicity of [1..*] indicates a range from 1
to any larger number is allowed.

In the case that a class is an enumeration, the attributes table is replaced by the enums
documentation as in Table 4, since enumeration literals have no the type. There are no
inherited enumeration literals for an enumeration class.

Table 4 — Enums documentation

literal description

steel

lead

lock

other

6 Top package IEC61968

6.1 General

Currently, normative parts of the model support the needs of information exchange defined in
IEC 61968-3, IEC 61968-4, IEC 61968-9 and in IEC 61968-13.

Figure 29 shows package diagram IEC61968Dependencies.
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Figure 29 — Package diagram IEC61968::IEC61968Dependencies

This diagram shows version and normative contents of the CIM extensions for distribution as
well as the dependencies among packages based on inheritance only.

Packages in bold are contained and documented in Clause 6.

6.2 IEC61968CIMVersion root class

IEC 61968 version number assigned to this UML model.
Table 5 shows all attributes of IEC61968CIMVersion.

Table 5 — Attributes of IEC61968::IEC61968CIMVersion

name type description
date=2011-08-10 (const) Date Form is YYYY-MM-DD for example for January 5, 2009 it is 2009-01-05.
version=IEC61968CIM11v13 String | Form is IEC61968CIMXXvYY where XX is the major CIM package
(const) version and the YY is the minor version. For example
IEC61968CIM10v17.
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This package contains the information classes that support distribution management in
general.

Figure 30 shows class diagram Commoninheritance.
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Figure 30 — Class diagram Common::Commonlinheritance

This diagram shows inheritance hierarchy for normative classes from this package, as well as

enumerations and compound types.

IdentifiedObject.

Figure 31 shows class diagram CommonOQOverview.

It also shows the classes

relevant to naming
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Figure 31 — Class diagram Common::CommonOverview

This diagram shows normative classes from this package.

6.3.2

Status compound

Current status information relevant to an entity.

Table 6 shows all attributes of Status.
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Table 6 — Attributes of Common::Status

name type description

value String Status value at 'dateTime'; prior status changes may have been
kept in instances of activity records associated with the object to
which this status applies.

dateTime DateTime Date and time for which status 'value' applies.

remark String Pertinent information regarding the current 'value', as free form
text.

reason String Reason code or explanation for why an object went to the current

status 'value'.

6.3.3 PostalAddress compound

General purpose postal address information.

Table 7 shows all attributes of PostalAddress.

Table 7 — Attributes of Common::PostalAddress

name type description
streetDetail StreetDetail Street detail.
townDetail TownDetail Town detail.
poBox String Post office box.
postalCode String Postal code for the address.

6.3.4 StreetAddress compound

General purpose street address information.

Table 8 shows all attributes of StreetAddress.

Table 8 — Attributes of Common::StreetAddress

name type description
streetDetail StreetDetail Street detail.
townDetail TownDetail Town detail.
status Status Status of this address.

6.3.5 StreetDetail compound

Street details, in the context of address.

Table 9 shows all attributes of StreetDetail.

Table 9 — Attributes of Common::StreetDetail

name type description
number String Designator of the specific location on the street.
name String Name of the street.
suffix String Suffix to the street name. For example: North, South, East, West.
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name type description

prefix String Prefix to the street name. For example: North, South, East, West.

type String Type of street. Examples include: street, circle, boulevard, avenue,
road, drive, etc.

code String (if applicable) Utilities often make use of external reference
systems, such as those of the town-planner's department or
surveyor general's mapping system, that allocate global reference
codes to streets.

buildingName String (if applicable) In certain cases the physical location of the place of
interest does not have a direct point of entry from the street, but
may be located inside a larger structure such as a building,
complex, office block, apartment, etc.

suiteNumber String Number of the apartment or suite.

addressGeneral String Additional address information, for example a mailstop.

withinTownLimits Boolean True if this street is within the legal geographical boundaries of the

specified town (default).

6.3.6

TownDetail compound

Town details, in the context of address.

Table 10 shows all attributes of TownDetail.

Table 10 — Attributes of Common::TownDetail

name type description
code String Town code.
section String Town section. For example, it is common for there to be 36
sections per township.
name String Town name.
stateOrProvince String Name of the state or province.
country String Name of the country.
6.3.7 ElectronicAddress compound

Electronic address information.

Table 11 shows all attributes of ElectronicAddress.

Table 11 — Attributes of Common::ElectronicAddress

name type description

lan String Address on local area network.

mac String MAC (Media Access Control) address.

email1 String Primary email address.

email2 String Alternate email address.

web String World wide web address.

radio String Radio address.

userlD String User ID needed to log in, which can be for an individual person,
an organisation, a location, etc.

password String Password needed to log in.
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6.3.8 TelephoneNumber compound

Telephone number.
Table 12 shows all attributes of TelephoneNumber.

Table 12 — Attributes of Common::TelephoneNumber

name type description
countryCode String Country code.
areaCode String Area or region code.
cityCode String (if applicable) City code.
localNumber String Main (local) part of this telephone number.
extension String (if applicable) Extension for this telephone number.

6.3.9 ActivityRecord

Records activity for an entity at a point in time; activity may be for an event that has already
occurred or for a planned activity.

Table 13 shows all attributes of ActivityRecord.

Table 13 — Attributes of Common::ActivityRecord

name type description

createdDateTime DateTime Date and time this activity record has been created (different from
the 'status.dateTime', which is the time of a status change of the
associated object, if applicable).

type String Type of event resulting in this activity record.

severity String Severity level of event resulting in this activity record.

reason String Reason for event resulting in this activity record, typically
supplied when user initiated.

status Status Information on consequence of event resulting in this activity
record.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

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

Table 14 — Association ends of Common::ActivityRecord with other classes

[mult [mult to] name type description
from]
[0..7] [0..*] Assets Asset All assets for which this activity record

has been created.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject
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6.3.10 Agreement

Formal agreement between two parties defining the terms and conditions for a set of services.
The specifics of the services are, in turn, defined via one or more service agreements.

Table 15 shows all attributes of Agreement.

Table 15 — Attributes of Common::Agreement

name type description

signDate Date Date this agreement was consummated among associated persons
and/or organisations.

validityInterval DateTimelnterval Date and time interval this agreement is valid (from going into effect
to termination).

type String inherited from: Document

createdDateTime DateTime inherited from: Document

lastModifiedDateTime | DateTime inherited from: Document

revisionNumber String inherited from: Document

electronicAddress ElectronicAddress | inherited from: Document

subject String inherited from: Document

title String inherited from: Document

docStatus Status inherited from: Document

status Status inherited from: Document

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 16 shows all association ends of Agreement with other classes.

Table 16 — Association ends of Common::Agreement with other classes

[mult [mult to] name type description
from]

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Document
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.3.11 ConfigurationEvent

Used to report details on creation, change or deletion of an entity or its configuration.
Table 17 shows all attributes of ConfigurationEvent.

Table 17 — Attributes of Common::ConfigurationEvent

name type description
effectiveDateTime DateTime Date and time this event has or will become effective.
modifiedBy String Source/initiator of modification.
remark String Free text remarks.
createdDateTime DateTime inherited from: ActivityRecord
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name type description
type String inherited from: ActivityRecord
severity String inherited from: ActivityRecord
reason String inherited from: ActivityRecord
status Status inherited from: ActivityRecord
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 18 shows all association ends of ConfigurationEvent with other classes.

Table 18 — Association ends of Common::ConfigurationEvent with other classes

[mult [mult to] name type description
from]
[0..7] [0..1] ChangedDocument Document Document whose change resulted in this
configuration event.
[0..7] [0..1] ChangedUsagePoint UsagePoint Usage point whose change resulted in
this configuration event.
[0..7] [0..1] ChangedAsset Asset Asset whose change resulted in this
configuration event.
[0..%] [0..1] ServiceCategory Service category whose change resulted
ChangedServiceCategory in this configuration event.
[0..7] [0..1] ChangedLocation Location Location whose change resulted in this
configuration event.
[0..7] [0..1] OrganisationRole Organisation role whose change resulted
ChangedOrganisationRole in this configuration event.
[0..7] [0..*] Assets Asset inherited from: ActivityRecord

[0..1]

[0..*] DiagramObijects

DiagramObject

inherited from: IdentifiedObject

[1..1]

[0..*] Names

Name inherited from: IdentifiedObject

6.3.12 CoordinateSystem

Coordinate reference system.

Table 19 shows all attributes of CoordinateSystem.

Table 19 — Attributes of Common::CoordinateSystem

name type

description

crsUrn

String

A Uniform Resource Name (URN) for the coordinate reference
system (crs) used to define 'Location.PositionPoints'.

An example would be the European Petroleum Survey Group
(EPSG) code for a coordinate reference system, defined in URN
under the Open Geospatial Consortium (OGC) namespace as:
urn:ogc:def:uom:EPSG::XXXX, where XXXX is an EPSG code (a
full list of codes can be found at the EPSG Registry website
http://www.epsg-registry.org/). To define the coordinate system as
being WGS84 (latitude, longitude) using an EPSG OGC, this
attribute would be urn:ogc:def:uom:EPSG::4236.

A profile should limit this code to a set of allowed URNs agreed to
by all sending and receiving parties.

aliasName String

inherited from: IdentifiedObject
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name type description
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 20 shows all association ends of CoordinateSystem with other classes.

Table 20 — Association ends of Common::CoordinateSystem with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] Location Location All locations described with position
points in this coordinate system.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.3.13 Document

Parent class for different groupings of information collected and managed as a part of a
business process. It will frequently contain references to other objects, such as assets, people
and power system resources.

Table 21 shows all attributes of Document.

Table 21 — Attributes of Common::Document

name type description

type String Utility-specific classification of this document, according to its
corporate standards, practices, and existing IT systems (e.g., for
management of assets, maintenance, work, outage, customers,

etc.).

createdDateTime DateTime Date and time that this document was created.

lastModifiedDateTime | DateTime Date and time this document was last modified. Documents may
potentially be modified many times during their lifetime.

revisionNumber String Revision number for this document.

electronicAddress ElectronicAddress Electronic address.

subject String Document subject.

title String Document title.

docStatus Status Status of this document. For status of subject matter this
document represents (e.g., Agreement, Work), use 'status’
attribute.

Example values for 'docStatus.status' are draft, approved,
cancelled, etc.

status Status Status of subject matter (e.g., Agreement, Work) this document
represents. For status of the document itself, use 'docStatus’
attribute.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 22 shows all association ends of Document with other classes.



BS EN 61968-11:2013

- 80 - 61968-11 © IEC:2013

Table 22 — Association ends of Common::Document with other classes

[mult
from]

[mult to] name

type description

[0..1] [0..*] ConfigurationEvents

ConfigurationEvent

All configuration events created for this
document.

[0..1] [0..*] DiagramObjects

DiagramObject

inherited from: IdentifiedObject

[1..1] [0..*] Names

Name

inherited from: IdentifiedObject

6.3.14

Location

The place, scene, or point of something where someone or something has been, is, and/or
will be at a given moment in time. It can be defined with one or more postition points
(coordinates) in a given coordinate system.

Table 23 shows all attributes of Location.

Table 23 — Attributes of Common::Location

name type description

type String Classification by utility's corporate standards and practices,
relative to the location itself (e.g., geographical, functional
accounting, etc., not a given property that happens to exist at that
location).

mainAddress StreetAddress Main address of the location.

secondaryAddress StreetAddress Secondary address of the location. For example, PO Box address
may have different ZIP code than that in the 'mainAddress".

phone1 TelephoneNumber | Phone number.

phone2 TelephoneNumber | Additional phone number.

electronicAddress

ElectronicAddress

Electronic address.

geolnfoReference String (if applicable) Reference to geographical information source,
often external to the utility.

direction String (if applicable) Direction that allows field crews to quickly find a
given asset. For a given location, such as a street address, this is
the relative direction in which to find the asset. For example, a
streetlight may be located at the 'NW' (northwest) corner of the
customer's site, or a usage point may be located on the second
floor of an apartment building.

status Status Status of this location.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 24 shows all association ends of Location with other classes.

Table 24 — Association ends of Common::Location with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] PowerSystemResources PowerSystemResource All power system resources at this
location.

[0..1] [0..*] ConfigurationEvents ConfigurationEvent All configuration events created for this
location.

[0..7] [0..1] CoordinateSystem CoordinateSystem Coordinate system used to describe
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[mult [mult to] name type description
from]

position points of this location.

[1..1]

[0..*] PositionPoints

PositionPoint

Sequence of position points describing
this location, expressed in coordinate
system 'Location.CoordinateSystem'.

[0..1]

[0..*] Assets

Asset

All assets at this location.

[0..1]

[0..*] DiagramObjects

DiagramObject

inherited from: IdentifiedObject

[1..1]

[0..*] Names

Name

inherited from: IdentifiedObject

6.3.15 Organisation

Organisation that might have roles as utility, contractor, supplier, manufacturer, customer, etc.

Table 25 shows all attributes of Organisation.

Table 25 — Attributes of Common::Organisation

name

type

description

streetAddress

StreetAddress

Street address.

postalAddress

PostalAddress

Postal address, potentially different than 'streetAddress' (e.g.,

another city).

phone1

TelephoneNumber

Phone number.

phone2

TelephoneNumber

Additional phone number.

electronicAddress

ElectronicAddress

Electronic address.

aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 26 shows all association ends of Organisation with other classes.

Table 26 — Association ends of Common::Organisation with other classes

[mult [mult to] name type description
from]

[0..1] [0..*] Roles OrganisationRole All roles of this organisation.
[0..1] [0..*] DiagramObijects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.3.16 OrganisationRole

Identifies a way in which an organisation ma

customer, manufacturer, etc).

Table 27 shows all attributes of OrganisationRole.

y participate in the utility enterprise (e.g.,
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Table 27 — Attributes of Common::OrganisationRole

name type description
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 28 shows all association ends of OrganisationRole with other classes.

Table 28 — Association ends of Common::OrganisationRole with other classes

[mult [mult to] name type description
from]
[0..1] [0..*] ConfigurationEvents ConfigurationEvent All configuration events created for this

organisation role.

[0..7] [0..1] Organisation

Organisation

Organisation having this role.

[0..1] [0..*] DiagramObjects

DiagramObject

inherited from: IdentifiedObject

[1..1] [0..*] Names

Name

inherited from: IdentifiedObject

6.3.17 PositionPoint root class

Set of spatial coordinates that determine a point, defined in the coordinate system specified in
'Location.CoordinateSystem'. Use a single position point instance to describe a point-oriented
location. Use a sequence of position points to describe a line-oriented object (physical
location of non-point oriented objects like cables or lines), or area of an object (like a
substation or a geographical zone — in this case, have first and last position point with the

same values).

Table 29 shows all attributes of PositionPoint.

Table 29 — Attributes of Common::PositionPoint

name type description
sequenceNumber Integer Zero-relative sequence number of this point within a series of
points.
xPosition String X axis position.
yPosition String Y axis position.
zPosition String (if applicable) Z axis position.

Table 30 shows all association ends of PositionPoint with other classes.

Table 30 — Association ends of Common::PositionPoint with other classes

[mult [mult to] name

from]

type

description

[0..7] [1..1] Location

Location

Location described by this position point.




BS EN 61968-11:2013
61968-11 © IEC:2013

6.3.18 TimePoint

— 83 —

A point in time within a sequence of points in time relative to a TimeSchedule.

Table 31 shows all attributes of TimePoint.

Table 31 — Attributes of Common::TimePoint

name type description

dateTime DateTime Absolute date and time for this time point. For calendar-based
time point, it is typically manually entered, while for interval-based
or sequence-based time point it is derived.

relativeTimelnterval Seconds (if interval-based) A point in time relative to scheduled start time
in 'TimeSchedule.schedulelnterval.start'.

sequenceNumber Integer (if sequence-based) Relative sequence number for this time point.

window DateTimelnterval Interval defining the window of time that this time point is valid
(for example, seasonal, only on weekends, not on weekends, only
8:00 am to 5:00 am, etc.).

status Status Status of this time point.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 32 shows all association ends of TimePoint with other classes.

Table 32 — Association ends of Common::TimePoint with other classes

[mult [mult to] name type description
from]
[0..7] [1..1] TimeSchedule TimeSchedule Time schedule owning this time point.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.3.19 TimeSchedule
Description of anything that changes through time. Time schedule is used to perform a single-
valued function of time. Use inherited 'type' attribute to give additional information on this

schedule, such as: periodic (hourly, daily, weekly, monthly, etc.), day of the month, by date,
calendar (specific times and dates).

Table 33 shows all attributes of TimeSchedule.

Table 33 — Attributes of Common::TimeSchedule

name type description

disabled Boolean True if this schedule is deactivated (disabled).

schedulelnterval DateTimelnterval Schedule date and time interval.

recurrencePattern String Interval at which the scheduled action repeats (e.g., first Monday
of every month, last day of the month, etc.).
recurrencePeriod Seconds Duration between time points, from the beginning of one period to

the beginning of the next period. Note that a device like a meter
may have multiple interval periods (e.g., 1 min, 5 min, 15 min,
30 min, or 60 min).
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name type description

offset Seconds The offset from midnight (i.e., 0 h, 0 min, 0 s) for the periodic time
points to begin. For example, for an interval meter that is set up
for five minute intervals (‘recurrencePeriod'=300=5 min), setting
'offset'=120=2 min would result in scheduled events to read the
meter executing at 2 min, 7 min, 12 min, 17 min, 22 min, 27 min,
32 min, 37 min, 42 min, 47 min, 52 min, and 57 min past each
hour.

type String inherited from: Document

createdDateTime DateTime inherited from: Document

lastModifiedDateTime | DateTime inherited from: Document

revisionNumber String inherited from: Document

electronicAddress ElectronicAddress inherited from: Document

subject String inherited from: Document

title String inherited from: Document

docStatus Status inherited from: Document

status Status inherited from: Document

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 34 shows all association ends of TimeSchedule with other classes.

Table 34 — Association ends of Common::TimeSchedule with other classes

[mult
from]

[mult to] name

type

description

[1..1]

..*] TimePoints

TimePoint

Sequence of time points belonging to
this time schedule.

[0..1]

..*] ConfigurationEvents

ConfigurationEvent

inherited from: Document

[0..1]

..*] DiagramObjects

DiagramObject

inherited from: IdentifiedObject

[1..1]

..*] Names

Name

inherited from: IdentifiedObject

6.3.20 UserAttribute root class

Generic name-value pair class, with optional sequence number and units for value; can be
used to model parts of information exchange when concrete types are not known in advance.

Table 35 shows all attributes of UserAttribute.

Table 35 — Attributes of Common::UserAttribute

name type description
sequenceNumber Integer Sequence number for this attribute in a list of attributes.
name String Name of an attribute.
value StringQuantity Value of an attribute, including unit information.

Table 36 shows all association ends of UserAttribute with other classes.
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Table 36 — Association ends of Common::UserAttribute with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] Transaction Transaction Transaction for which this snapshot has
been recorded.

6.4 Package Assets

6.4.1 General

This package contains the core

information classes that support asset management

applications that deal with the physical and lifecycle aspects of various network resources (as
opposed to power system resource models defined in IEC61970::Wires package, which
support network applications).

Figure 32 shows class diagram Assetslnheritance.

Core:
IdentifiedObject

AssetFunction Aszet #szetinfo Assethodel Seal Comman::
/j b\ [ﬁ OrganisationRele
|AssEtCDntainEr ComMedia ProductAssethedel ‘ Manufacturer | AssetOrganisationRele

A

Figure 32 — Class diagram Assets::AssetsIinheritance

«Compounds senumerations “ENUMEration: senumerations senumerations
AcceptanceTest AssetModelUsageKind CorporateStandardKind SealKind sealConditienKind
+  type: String [0..1] distributionOwerhead standard steel locked
+ success: Eoolean [0..1] distributionUnderground experimental lead open
+  dateTime: DateTime [0..1] transmission underEvaluation lack broken
substation other other missing
streetlight other
s«Compounds customerSubstaticn
LifecycleDate unknown
other
+ manufacturedDate: Date [0..1]
+ purchaseDate: Date [0..1]
+ receivedDate: Date [0..1]
+ installationDate: Date [0..1]
+ removalDate: Date [0..1]
+ retiredDate: Date [0..1] IEC 309/13

This diagram shows the inheritance hierarchy for normative classes from this package, as well
as enumerations and compound types.

Figure 33 shows class diagram AssetsOverview.
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o 0|7 kind: Sealkind [0..1]
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Figure 33 — Class diagram Assets::

AssetsOverview

This diagram shows normative classes from this package.

6.4.2

Acceptance test for assets.

AcceptanceTest compound

Table 37 shows all attributes of AcceptanceTest.

Table 37

— Attributes of Assets::AcceptanceTest

name

type

description

type

String

Type of test or group of tests that was conducted on 'dateTime'.

success

Boolean

True if asset has passed acceptance test and may be placed in or
is in service. It is set to false if asset is removed from service and
is required to be tested again before being placed back in service,
possibly in a new location. Since asset may go through multiple
tests during its lifecycle, the date of each acceptance test may be
recorded in Asset.ActivityRecord.status.dateTime.

dateTime

DateTime

Date and time the asset was last tested using the 'type' of test
and yielding the current status in 'success' attribute.
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6.4.3 LifecycleDate compound

Dates for lifecycle events of an asset.
Table 38 shows all attributes of LifecycleDate.

Table 38 — Attributes of Assets::LifecycleDate

name type description
manufacturedDate Date Date the asset was manufactured.
purchaseDate Date Date the asset was purchased. Note that even though an asset

may have been purchased, it may not have been received into
inventory at the time of purchase.

receivedDate Date Date the asset was received and first placed into inventory.

installationDate Date (if applicable) Date current installation was completed, which may
not be the same as the in-service date. Asset may have been
installed at other locations previously. Ignored if asset is (1) not
currently installed (e.g., stored in a depot) or (2) not intended to
be installed (e.g., vehicle, tool).

removalDate Date (if applicable) Date when the asset was last removed from
service. Ignored if (1) not intended to be in service, or (2)
currently in service.

retiredDate Date (if applicable) Date the asset is permanently retired from service
and may be scheduled for disposal. Ignored if asset is (1)
currently in service, or (2) permanently removed from service.

6.4.4 AssetModelUsageKind enumeration

Usage for an asset model.
Table 39 shows all literals of AssetModelUsageKind.

Table 39 — Literals of Assets::AssetModelUsageKind

literal description
distributionOverhead Asset model is intended for use in distribution overhead network.
distributionUnderground Asset model is intended for use in underground distribution network.
transmission Asset model is intended for use in transmission network.
substation Asset model is intended for use in substation.
streetlight Asset model is intended for use as streetlight.
customerSubstation Asset model is intended for use in customer substation.
unknown Usage of the asset model is unknown.
other Other kind of asset model usage.

6.4.5 CorporateStandardKind enumeration

Kind of corporate standard.

Table 40 shows all literals of CorporateStandardKind.
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Table 40 — Literals of Assets::CorporateStandardKind

literal

description

standard

Asset model is used as corporate
standard.

experimental

Asset model is used experimentally.

underEvaluation

Asset model usage is under evaluation.

other

Other kind of corporate standard for the
asset model.

6.4.6 SealConditionKind enumeration

Kind of seal condition.

Table 41 shows all literals of SealConditionKind.

Table 41 — Literals of Assets::SealConditionKind

literal description
locked Seal is locked.
open Seal is open.
broken Seal is broken.
missing Seal is missing.
other Other kind of seal condition.

6.4.7 SealKind enumeration

Kind of seal.

Table 42 shows all literals of SealKind.

Table 42 - Literals of Assets::SealKind

literal description
steel Steel seal.
lead Lead seal.
lock Lock seal.
other Other kind of seal.
6.4.8 Asset

Tangible resource of the utility, including power system equipment, various end devices,
cabinets, buildings, etc. For electrical network equipment, the role of the asset is defined
through PowerSystemResource and its subclasses, defined mainly in the Wires model (refer
to IEC61970-301 and model package IEC61970::Wires). Asset description places emphasis
on the physical characteristics of the equipment fulfilling that role.

Table 43 shows all attributes of Asset.
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Table 43 — Attributes of Assets::Asset
name type description

type String Utility-specific classification of Asset and its subtypes, according
to their corporate standards, practices, and existing IT systems
(e.g., for management of assets, maintenance, work, outage,
customers, etc.).

utcNumber String Uniquely tracked commodity (UTC) number.

serialNumber String Serial number of this asset.

lotNumber String Lot number for this asset. Even for the same model and version
number, many assets are manufactured in lots.

purchasePrice Money Purchase price of asset.

critical Boolean True if asset is considered critical for some reason (for example,

a pole with critical attachments).

electronicAddress

ElectronicAddress

Electronic address.

lifecycle LifecycleDate Lifecycle dates for this asset.

acceptanceTest AcceptanceTest Information on acceptance test.

initialCondition String Condition of asset in inventory or at time of installation. Examples
include new, rebuilt, overhaul required, other. Refer to inspection
data for information on the most current condition of the asset.

initialLossOfLife PerCent Whenever an asset is reconditioned, percentage of expected life
for the asset when it was new; zero for new devices.

status Status Status of this asset.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 44 shows all association ends of Asset with other classes.

Table 44 — Association ends of Assets::Asset with other classes

[mult [mult to] name type description

from]

[0..7] [0..7] PowerSystemResource All power system resources used to

PowerSystemResources electrically model this asset. For example,

transformer asset is electrically modelled with
a transformer and its windings and tap
changer.

[0..7] [0..*] ActivityRecords ActivityRecord All activity records created for this asset.

[0..1] [0..*] ConfigurationEvents ConfigurationEvent All configuration events created for this asset.

[0..7] [0..1] Location Location Location of this asset.

[0..7] [0..*] OrganisationRoles AssetOrganisationRole All roles an organisation plays for this asset.

[0..7] [0..1] AssetContainer AssetContainer Container of this asset.

[0..7] [0..1] AssetInfo Assetlnfo Data applicable to this asset.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.4.9 AssetContainer

Asset that is aggregation of other assets such as conductors, transformers, switchgear, land,

fences, buildings, equipment, vehicles, etc.




— 90 -

Table 45 shows all attributes of AssetContainer.

BS EN 61968-11:2013
61968-11 © IEC:2013

Table 45 — Attributes of Assets::AssetContainer

name type description
type String inherited from: Asset
utcNumber String inherited from: Asset
serialNumber String inherited from: Asset
lotNumber String inherited from: Asset
purchasePrice Money inherited from: Asset
critical Boolean inherited from: Asset
electronicAddress ElectronicAddress | inherited from: Asset
lifecycle LifecycleDate inherited from: Asset
acceptanceTest AcceptanceTest inherited from: Asset
initialCondition String inherited from: Asset
initialLossOfLife PerCent inherited from: Asset
status Status inherited from: Asset
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

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

Table 46 — Association ends of Assets::AssetContainer with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] Seals Seal All seals applied to this asset container.
[0..1] [0..*] Assets Asset All assets within this container asset.
[0..7] [0..*] PowerSystemResources PowerSystemResource inherited from: Asset

[0..7] [0..*] ActivityRecords ActivityRecord inherited from: Asset

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Asset

[0..7] [0..1] Location Location inherited from: Asset

[0..7] [0..*] OrganisationRoles AssetOrganisationRole inherited from: Asset

[0..7] [0..1] AssetContainer AssetContainer inherited from: Asset

[0..7] [0..1] AssetInfo Assetlnfo inherited from: Asset

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject
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6.4.10 AssetFunction

Function performed by an asset.
Table 47 shows all attributes of AssetFunction.

Table 47 — Attributes of Assets::AssetFunction

name type description
programID String Name of program.
firmwarelD String Firmware version.
hardwarelD String Hardware version.
password String Password needed to access this function.
configlD String Configuration specified for this function.
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 48 shows all association ends of AssetFunction with other classes.

Table 48 — Association ends of Assets::AssetFunction with other classes

[mult [mult to] name type description
from]

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.4.11 Assetinfo

Set of attributes of an asset, representing typical datasheet information of a physical device
that can be instantiated and shared in different data exchange contexts:

— as attributes of an asset instance (installed or in stock)
— as attributes of an asset model (product by a manufacturer)

— as attributes of a type asset (generic type of an asset as used in designs/extension
planning).

Table 49 shows all attributes of AssetlInfo.

Table 49 — Attributes of Assets::AssetIinfo

name type description
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 50 shows all association ends of Assetinfo with other classes.
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Table 50 — Association ends of Assets::Assetinfo with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] PowerSystemResource PowerSystemResource All power system resources with this
datasheet information.

[0..1] [0..*] Assets Asset All assets described by this data.

[0..1] [0..1] AssetModel AssetModel Asset model described by this data.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.4.12 AssetModel

Model of an asset, either a product of a specific manufacturer or a generic asset model or
material item. Datasheet characteristics are available through the associated Assetinfo

subclass and can be shared with asset or power system resource instances.

Table 51 shows all attributes of AssetModel.

Table 51 — Attributes of Assets::AssetModel

name type description
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 52 shows all association ends of AssetModel with other classes.

Table 52 — Association ends of Assets::AssetModel with other classes

[mult [mult to] name type description

from]

[0..1] [0..1] AssetInfo Assetlnfo Data applicable to this asset model.
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.4.13 AssetOrganisationRole

Role an organisation plays with respect to asset.

Table 53 shows all attributes of AssetOrganisationRole.

Table 53 — Attributes of Assets::AssetOrganisationRole

name type description
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 54 shows all association ends of AssetOrganisationRole with other classes.
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Table 54 — Association ends of Assets::AssetOrganisationRole with other classes
[mult [mult to] name type description
from]
[0..7] [0..*] Assets Asset All assets for this organisation role.
[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: OrganisationRole
[0..7] [0..1] Organisation Organisation inherited from: OrganisationRole
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.4.14 AssetOwner

Owner of the asset.

Table 55 shows all attributes of AssetOwner.

Table 55 — Attributes of Assets::AssetOwner

name type description
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 56 shows all association ends of AssetOwner with other classes.

Table 56 — Association ends of Assets::AssetOwner with other classes

[mult [mult to] name type description

from]

[0..%] [0..*] Assets Asset inherited from: AssetOrganisationRole
[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: OrganisationRole
[0..7] [0..1] Organisation Organisation inherited from: OrganisationRole
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.4.15 ComMedia

Communication media such as fibre optic cable, power-line, telephone, etc.

Table 57 shows all attributes of ComMedia.

Table 57 — Attributes of Assets::ComMedia

name type description
type String inherited from: Asset
utcNumber String inherited from: Asset
serialNumber String inherited from: Asset
lotNumber String inherited from: Asset
purchasePrice Money inherited from: Asset
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name type description

critical Boolean inherited from: Asset
electronicAddress ElectronicAddress | inherited from: Asset

lifecycle LifecycleDate inherited from: Asset

acceptanceTest AcceptanceTest inherited from: Asset

initialCondition String inherited from: Asset

initialLossOfLife PerCent inherited from: Asset

status Status inherited from: Asset

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 58 shows all association ends of ComMedia with other classes.

Table 58 — Association ends of Assets::ComMedia with other classes

[mult [mult to] name type description
from]

[0..7] [0..*] PowerSystemResources PowerSystemResource inherited from: Asset

[0..7] [0..*] ActivityRecords ActivityRecord inherited from: Asset

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Asset

[0..7] [0..1] Location Location inherited from: Asset

[0..7] [0..*] OrganisationRoles AssetOrganisationRole inherited from: Asset

[0..7] [0..1] AssetContainer AssetContainer inherited from: Asset

[0..7] [0..1] AssetInfo Assetlnfo inherited from: Asset

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.4.16 Manufacturer

Organisation that manufactures asset products.

Table 59 shows all attributes of Manufacturer.

Table 59 — Attributes of Assets::Manufacturer

name type description
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 60 shows all association ends of Manufacturer with other classes.
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Table 60 — Association ends of Assets::Manufacturer with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] ProductAssetModel ProductAssetModel All asset models by this manufacturer.
[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: OrganisationRole
[0..7] [0..1] Organisation Organisation inherited from: OrganisationRole
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.4.17 ProductAssetModel

Asset model by a specific manufacturer.
Table 61 shows all attributes of ProductAssetModel.

Table 61 — Attributes of Assets::ProductAssetModel

name type description
modelNumber String Manufacturer's model number.
modelVersion String Version number for product model, which indicates vintage

of the product.

corporateStandardKind CorporateStandardKind Kind of corporate standard for this asset model.

usageKind AssetModelUsageKind Intended usage for this asset model.
weightTotal Weight Total manufactured weight of asset.
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 62 shows all association ends of ProductAssetModel with other classes.

Table 62 — Association ends of Assets::ProductAssetModel with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] Manufacturer Manufacturer Manufacturer of this asset model.
[0..1] [0..1] AssetInfo Assetlnfo inherited from: AssetModel

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject
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6.4.18 Seal

Physically controls access to AssetContainers.
Table 63 shows all attributes of Seal.

Table 63 — Attributes of Assets::Seal

name type description
sealNumber String (reserved word) Seal number.
kind SealKind Kind of seal.
condition SealConditionKind | Condition of seal.
appliedDateTime DateTime Date and time this seal has been applied.
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 64 shows all association ends of Seal with other classes.

Table 64 — Association ends of Assets::Seal with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] AssetContainer AssetContainer Asset container to which this seal is
applied.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.5 Package Assetinfo
6.5.1 General

This package is an extension of Assets package and contains the core information classes
that support asset management and different network and work planning applications with
specialized Assetinfo subclasses. They hold attributes that can be referenced by not only
Asset-s or AssetModel-s but also by ConductingEquipment-s.

Figure 34 shows class diagram AssetInfolnheritance.
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Figure 34 — Class diagram AssetInfo::AssetInfolnheritance

This diagram shows the inheritance hierarchy for normative classes from this package, as well
as enumerations and compound types.

Figure 35 shows class diagram AssetInfoOverview.
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Figure 35 — Class diagram AssetInfo::AssetInfoOverview
This diagram shows normative classes from this package.

Figure 36 shows class diagram DCIMWirelnfo.
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Figure 36 — Class diagram Assetinfo::DCIMWirelnfo

This diagram shows classes used to model physical aspects of lines in DCIM.

Figure 37 shows class diagram DCIMTransformerinfo.
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Figure 37 — Class diagram AssetInfo::DCIMTransformerinfo

This diagram shows one part of classes used to model transformers in DCIM.

6.5.2 BusbarSectioninfo

Busbar section data.

Table 65 shows all attributes of BusbarSectionInfo.

Table 65 — Attributes of Assetinfo::BusbarSectioninfo

name type

description

ratedVoltage Voltage

Rated voltage.

ratedCurrent CurrentFlow Rated current.

aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 66 shows all association ends of BusbarSectioninfo with other classes.



BS EN 61968-11:2013
61968-11 © IEC:2013

-101 -

Table 66 — Association ends of Assetinfo::BusbarSectioninfo with other classes

[mult [mult to] name type description
from]

[0..1] [0..*] PowerSystemResource PowerSystemResource inherited from: Assetinfo
[0..1] [0..*] Assets Asset inherited from: Assetinfo
[0..1] [0..1] AssetModel AssetModel inherited from: Assetinfo

[0..1] [0..*] DiagramObjects

DiagramObject

inherited from: IdentifiedObject

[1..1] [0..*] Names

Name

inherited from: IdentifiedObject

6.5.3

Kind of cable construction.

CableConstructionKind enumeration

Table 67 shows all literals of CableConstructionKind.

Table 67 — Literals of Assetinfo::CableConstructionKind

literal

description

compacted

Compacted cable.

compressed

Compressed cable.

sector

Sector cable.

segmental

Segmental cable.

solid

Solid cable.

stranded

Stranded cable.

other

Other kind of cable construction.

6.5.4 Cablelnfo

Cable data.

Table 68 shows all attributes of Cablelnfo.

Table 68 — Attributes of Assetinfo::Cablelnfo

name

type

description

constructionKind

CableConstructionKind

Kind of construction of this cable.

diameterOverCore Length Diameter over the core, including any semi-con screen;
should be the insulating layer's inside diameter.

diameterOverlnsulation Length Diameter over the insulating layer, excluding outer
screen.

diameterOverJacket Length Diameter over the outermost jacketing layer.

diameterOverScreen Length Diameter over the outer screen; should be the shield's
inside diameter.

nominalTemperature Temperature Maximum nominal design operating temperature.

outerJacketKind

CableOuterJacketKind

Kind of outer jacket of this cable.

sheathAsNeutral

Boolean

True if sheath / shield is used as a neutral (i.e.,
bonded).

shieldMaterial

CableShieldMaterialKind

Material of the shield.

isStrandFill

Boolean

True if wire strands are extruded in a way to fill the
voids in the cable.
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name type description

insulated Boolean inherited from: Wirelnfo
insulationMaterial WirelnsulationKind inherited from: Wirelnfo
insulationThickness Length inherited from: Wirelnfo

material WireMaterialKind inherited from: Wirelnfo
sizeDescription String inherited from: Wirelnfo

radius Length inherited from: Wirelnfo
strandCount Integer inherited from: Wirelnfo
coreRadius Length inherited from: Wirelnfo
coreStrandCount Integer inherited from: Wirelnfo

gmr Length inherited from: Wirelnfo
ratedCurrent CurrentFlow inherited from: Wirelnfo

rAC25 ResistancePerLength inherited from: Wirelnfo

rAC50 ResistancePerLength inherited from: Wirelnfo

rAC75 ResistancePerLength inherited from: Wirelnfo

rDC20 ResistancePerLength inherited from: Wirelnfo
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

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

Table 69 — Association ends of Assetinfo::Cablelnfo with other classes

[mult [mult to] name type description
from]

[0..7] [0..*] Impedances PerLengthlmpedance inherited from: Wirelnfo

[0..1] [0..*] PowerSystemResource PowerSystemResource inherited from: Assetinfo

[0..1] [0..*] Assets Asset inherited from: Assetinfo

[0..1] [0..1] AssetModel AssetModel inherited from: Assetinfo

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject
6.5.5 CableOuterJacketKind enumeration

Kind of cable outer jacket.

Table 70 shows all literals of CableOuterJacketKind.

Table 70 — Literals of Assetinfo::CableOuterJacketKind

literal

description

none

Cable has no outer jacket.

linearLowDensityPolyethylene

Linear low density polyethylene cable
outer jacket.

pvc

PVC cable outer jacket.

polyethylene

Polyethylene cable outer jacket.
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literal

description

insulating

Insulating cable outer jacket.

semiconducting

Semiconducting cable outer jacket.

other

Pther kind of cable outer jacket.

6.5.6

Kind of cable shield material.

CableShieldMaterialKind enumeration

Table 71 shows all literals of CableShieldMaterialKind.

Table 71 — Literals of Assetinfo::CableShieldMaterialKind

literal

description

lead

Lead cable shield.

copper

Copper cable shield.

steel

Steel cable shield.

aluminum

Aluminum cable shield.

other

Other kind of cable shield material.

6.5.7

ConcentricNeutralCablelnfo

Concentric neutral cable data.

Table 72 shows all attributes of ConcentricNeutralCablelnfo.

Table 72 — Attributes of Assetinfo::ConcentricNeutralCablelnfo

name type description
diameterOverNeutral Length Diameter over the concentric neutral strands.
neutralStrandCount Integer Number of concentric neutral strands.
neutralStrandRadius Length Outside radius of the neutral strand.
neutralStrandGmr Length Geometric mean radius of the neutral strand.

neutralStrandRDC20

ResistancePerLength

DC resistance per unit length of the neutral strand at 20 °C.

constructionKind CableConstructionKind inherited from: Cablelnfo
diameterOverCore Length inherited from: Cablelnfo
diameterOverinsulation | Length inherited from: Cablelnfo
diameterOverJacket Length inherited from: Cablelnfo
diameterOverScreen Length inherited from: Cablelnfo
nominalTemperature Temperature inherited from: Cablelnfo
outerJacketKind CableOuterJacketKind inherited from: Cablelnfo
sheathAsNeutral Boolean inherited from: Cablelnfo
shieldMaterial CableShieldMaterialKind | inherited from: Cablelnfo
isStrandFill Boolean inherited from: Cablelnfo
insulated Boolean inherited from: Wirelnfo

insulationMaterial WirelnsulationKind inherited from: Wirelnfo

insulationThickness Length inherited from: Wirelnfo

material WireMaterialKind inherited from: Wirelnfo
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name type description

sizeDescription String inherited from: Wirelnfo

radius Length inherited from: Wirelnfo
strandCount Integer inherited from: Wirelnfo

coreRadius Length inherited from: Wirelnfo
coreStrandCount Integer inherited from: Wirelnfo

gmr Length inherited from: Wirelnfo
ratedCurrent CurrentFlow inherited from: Wirelnfo

rAC25 ResistancePerLength inherited from: Wirelnfo

rAC50 ResistancePerLength inherited from: Wirelnfo

rAC75 ResistancePerLength inherited from: Wirelnfo

rDC20 ResistancePerLength inherited from: Wirelnfo

aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

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

with other classes

Table 73 — Association ends of Assetinfo::ConcentricNeutralCablelnfo

[mult [mult to] name type description
from]

[0..7] [0..*] Impedances PerLengthlmpedance inherited from: Wirelnfo

[0..1] [0..*] PowerSystemResource PowerSystemResource inherited from: Assetinfo

[0..1] [0..*] Assets Asset inherited from: Assetinfo

[0..1] [0..1] AssetModel AssetModel inherited from: Assetinfo

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject
6.5.8 NoLoadTest

No-load test results determine core admittance parameters. They include exciting current and
core loss measurements from applying voltage to one winding. The excitation may be positive
sequence or zero sequence. The test may be repeated at different voltages to measure
saturation.

Table 74 shows all attributes of NoLoadTest.

Table 74 — Attributes of Assetinfo::NoLoadTest

name type description
excitingCurrent PerCent Exciting current measured from a positive-sequence or single-phase
excitation test.
excitingCurrentZero PerCent Exciting current measured from a zero-sequence open-circuit

excitation test.

loss KiloActivePower Losses measured from a positive-sequence or single-phase
excitation test.
lossZero KiloActivePower Losses measured from a zero-sequence excitation test.
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name type description
energisedEndVoltage | Voltage Voltage applied to the winding (end) during test.
basePower ApparentPower inherited from: TransformerTest
temperature Temperature inherited from: TransformerTest
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 75 shows all association ends of NoLoadTest with other classes.

Table 75 — Association ends of Assetinfo::NoLoadTest with other classes

[mult
from]

[mult to] name type description

[0..7] [0..1] EnergisedEnd TransformerEndInfo Transformer end that current is applied

to in this no-load test.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.5.9 OpenCircuitTest

Open-circuit test results verify winding turn ratios and phase shifts. They include induced
voltage and phase shift measurements on open-circuit windings, with voltage applied to the

energised end. For three-phase windings, the excitation can be a positive sequence (the
default) or a zero sequence.

Table 76 shows all attributes of OpenCircuitTest.

Table 76 — Attributes of Assetinfo::OpenCircuitTest

name type description
energisedEndStep Integer Tap step number for the energised end of the test pair.
openEndStep Integer Tap step number for the open end of the test pair.
energisedEndVoltage | Voltage Voltage applied to the winding (end) during test.
openEndVoltage Voltage Voltage measured at the open-circuited end, with the energised

end set to rated voltage and all other ends open.

phaseShift AngleDegrees Phase shift measured at the open end with the energised end set
to rated voltage and all other ends open.

basePower ApparentPower inherited from: TransformerTest

temperature Temperature inherited from: TransformerTest

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 77 shows all association ends of OpenCircuitTest with other classes.
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Table 77 — Association ends of Assetinfo::OpenCircuitTest with other classes

[mult [mult to] name type description

from]

[0..7] [1..1] OpenEnd TransformerEndInfo Transformer end measured for induced
voltage and angle in this open-circuit
test.

[0..7] [1..1] EnergisedEnd TransformerEndInfo Transformer end that current is applied
to in this open-circuit test.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.5.10 OverheadWirelnfo

Overhead wire data.

Table 78 shows all attributes of OverheadWirelnfo.

Table 78 — Attributes of Assetinfo::OverheadWirelnfo

name type description
insulated Boolean inherited from: Wirelnfo
insulationMaterial WirelnsulationKind inherited from: Wirelnfo
insulationThickness Length inherited from: Wirelnfo
material WireMaterialKind inherited from: Wirelnfo
sizeDescription String inherited from: Wirelnfo
radius Length inherited from: Wirelnfo
strandCount Integer inherited from: Wirelnfo
coreRadius Length inherited from: Wirelnfo
coreStrandCount Integer inherited from: Wirelnfo
gmr Length inherited from: Wirelnfo
ratedCurrent CurrentFlow inherited from: Wirelnfo
rAC25 ResistancePerLength inherited from: Wirelnfo
rAC50 ResistancePerLength inherited from: Wirelnfo
rAC75 ResistancePerLength inherited from: Wirelnfo
rDC20 ResistancePerLength inherited from: Wirelnfo
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 79 shows all association ends of OverheadWirelnfo with other classes.
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Table 79 — Association ends of Assetinfo::OverheadWirelnfo with other classes

[mult [mult to] name type description
from]

[0..7] [0..*] Impedances PerLengthlmpedance inherited from: Wirelnfo

[0..1] [0..*] PowerSystemResource PowerSystemResource inherited from: Assetinfo

[0..1] [0..*] Assets Asset inherited from: Assetinfo

[0..1] [0..1] AssetModel AssetModel inherited from: Assetinfo

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject
6.5.11 PowerTransformerinfo

Set of power transformer data, from an equipment library.
Table 80 shows all attributes of PowerTransformerinfo.

Table 80 — Attributes of AssetIinfo::PowerTransformerinfo

name type description
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

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

Table 81 — Association ends of Assetinfo::PowerTransformerinfo with other classes

[mult
from]

[mult to] name

type

description

[1..1]

..*] TransformerTankInfo

TransformerTankInfo

Data for all the tanks described by this
power transformer data.

[0..1] [0..*] PowerSystemResource PowerSystemResource inherited from: Assetinfo
[0..1] [0..*] Assets Asset inherited from: Assetinfo
[0..1] [0..1] AssetModel AssetModel inherited from: Assetinfo
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.5.12 ShortCircuitTest

Short-circuit test results determine mesh impedance parameters. They include load losses

and leakage impedances. For three-phase windings, the excitation can be a positive

sequence (the default) or a zero sequence. There shall be at least one grounded winding.

Table 82 shows all attributes of ShortCircuitTest.
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Table 82 — Attributes of Assetinfo::ShortCircuitTest

name type description

energisedEndStep Integer Tap step number for the energised end of the test pair.

groundedEndStep Integer Tap step number for the grounded end of the test pair.

leakagelmpedance Impedance Leakage impedance measured from a positive-sequence or single-
phase short-circuit test.

leakagelmpedanceZero | Impedance keatkage impedance measured from a zero-sequence short-circuit
est.

loss KiloActivePower toatd losses from a positive-sequence or single-phase short-circuit
est.

lossZero KiloActivePower | Load losses from a zero-sequence short-circuit test.

basePower ApparentPower inherited from: TransformerTest

temperature Temperature inherited from: TransformerTest

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

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

Table 83 — Association ends of Assetinfo::ShortCircuitTest with other classes

[mult [mult to] name type description

from]

[0..7] [1..*] GroundedEnds TransformerEndInfo All ends short-circuited in this short-
circuit test.

[0..7] [1..1] EnergisedEnd TransformerEndInfo Transformer end that voltage is applied

to in this short-circuit test. The test
voltage is chosen to induce rated current
in the energised end.

[0..1]

..*] DiagramObjects

DiagramObject

inherited from: IdentifiedObject

[1..1] ..*] Names

Name

inherited from: IdentifiedObject

6.5.13 Switchinfo

Switch data.

Table 84 shows all attributes of SwitchlInfo.

Table 84 — Attributes of Assetinfo::Switchlnfo

name

type

description

ratedVoltage

Voltage

Rated voltage.

ratedCurrent

CurrentFlow

Rated current.

breakingCapacity

CurrentFlow

The maximum fault current a breaking device can break safely under prescribed
conditions of use.

aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 85 shows all association ends of Switchlnfo with other classes.
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Table 85 — Association ends of Assetinfo::Switchinfo with other classes

[mult [mult to] name type description
from]

[0..1] [0..*] PowerSystemResource PowerSystemResource inherited from: Assetinfo
[0..1] [0..*] Assets Asset inherited from: Assetinfo
[0..1] [0..1] AssetModel AssetModel inherited from: Assetinfo

[0..1]

[0..*] DiagramObjects

DiagramObject

inherited from

: IdentifiedObject

[1..1]

[0..*] Names

Name

inherited from

: IdentifiedObject

6.5.14 TapChangerinfo

Tap changer data.

Table 86 shows all attributes of TapChangerinfo.

Table 86 — Attributes of Assetinfo::TapChangerinfo

name type description
isTcul Boolean Whether this tap changer has under load tap changing capabilities.
ptRatio Float Built-in voltage transducer ratio.
ctRatio Float Built-in current transducer ratio.
ctRating CurrentFlow Built-in current transformer primary rating.
neutralU Voltage Voltage at which the winding operates at the neutral tap setting.
neutralStep Integer The neutral tap step position for the winding.
highStep Integer Highest possible tap step position, advance from neutral.
lowStep Integer Lowest possible tap step position, retard from neutral.
stepVoltagelncrement | PerCent Tap step increment, in per cent of rated voltage, per step position.

stepPhaselncrement

AngleDegrees

Phase shift per step position.

ratedVoltage Voltage Rated voltage.

ratedApparentPower ApparentPower | Rated apparent power.

ratedCurrent CurrentFlow Rated current.

bil Voltage Basic Insulation Level (BIL) expressed as the impulse crest voltage of a
nominal wave, typically 1,2 X 50 ys. This is a measure of the ability of
the insulation to withstand very high voltage surges.

frequency Frequency Frequency at which the ratings apply.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 87 shows all association ends of TapChangerinfo with other classes.

Table 87 — Association ends of Assetinfo::TapChangerinfo with other classes

[mult
from]

[mult to] name

type description

[0..1]

[0..*] PowerSystemResource

PowerSystemResource inherited from: Assetinfo

[0..1] [0..*] Assets

Asset inherited from: Assetinfo
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[mult [mult to] name type description
from]
[0..1] [0..1] AssetModel AssetModel inherited from: Assetinfo
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject
6.5.15 TapeShieldCablelnfo

Tape shield cable data.

Table 88 shows all attributes of TapeShieldCablelnfo.

Table 88 — Attributes of Assetinfo::TapeShieldCablelnfo

name type description

tapeLap PerCent Percentage of the tape shield width that overlaps in each
wrap, typically 10 % to 25 %.

tapeThickness Length Thickness of the tape shield, before wrapping.
constructionKind CableConstructionKind inherited from: Cablelnfo
diameterOverCore Length inherited from: Cablelnfo
diameterOverinsulation | Length inherited from: Cablelnfo
diameterOverJacket Length inherited from: Cablelnfo
diameterOverScreen Length inherited from: Cablelnfo
nominalTemperature Temperature inherited from: Cablelnfo
outerJacketKind CableOuterJacketKind inherited from: Cablelnfo
sheathAsNeutral Boolean inherited from: Cablelnfo
shieldMaterial CableShieldMaterialKind | inherited from: Cablelnfo
isStrandFill Boolean inherited from: Cablelnfo
insulated Boolean inherited from: Wirelnfo
insulationMaterial WirelnsulationKind inherited from: Wirelnfo
insulationThickness Length inherited from: Wirelnfo
material WireMaterialKind inherited from: Wirelnfo
sizeDescription String inherited from: Wirelnfo
radius Length inherited from: Wirelnfo
strandCount Integer inherited from: Wirelnfo
coreRadius Length inherited from: Wirelnfo
coreStrandCount Integer inherited from: Wirelnfo
gmr Length inherited from: Wirelnfo
ratedCurrent CurrentFlow inherited from: Wirelnfo
rAC25 ResistancePerLength inherited from: Wirelnfo
rAC50 ResistancePerLength inherited from: Wirelnfo
rAC75 ResistancePerLength inherited from: Wirelnfo
rDC20 ResistancePerLength inherited from: Wirelnfo
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject
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Table 89 shows all association ends of TapeShieldCablelnfo with other classes.

Table 89 — Association ends of AssetIinfo::TapeShieldCablelnfo with other classes

[mult [mult to] name type description
from]

[0..7] [0..*] Impedances PerLengthlmpedance inherited from: Wirelnfo

[0..1] [0..*] PowerSystemResource PowerSystemResource inherited from: Assetinfo

[0..1] [0..*] Assets Asset inherited from: Assetinfo

[0..1] [0..1] AssetModel AssetModel inherited from: Assetinfo

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.5.16 TransformerEndInfo

Transformer end data.

Table 90 shows all attributes of TransformerEndInfo.

Table 90 — Attributes of AssetIinfo::TransformerEndInfo

name type description
endNumber Integer Number for this transformer end, corresponding to the end's order in the
PowerTransformer.vectorGroup attribute. Highest voltage winding should
be 1.
phaseAngleClock | Integer Winding phase angle where 360 degrees are represented with clock

hours, so the valid values are {0, ..., 11}. For example, to express the
second winding in code 'Dyn11’, set attributes as follows:
‘endNumber'=2, 'connectionKind' = Yn and 'phaseAngleClock’ = 11.

connectionKind WindingConnection | Kind of connection.

r Resistance DC resistance.

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

insulationU Voltage Basic insulation level voltage rating.

ratedS ApparentPower Normal apparent power rating.

emergencyS ApparentPower Apparent power that the winding can carry under emergency conditions
(also called long-term emergency power).

shortTermS ApparentPower Apparent power that this winding can carry for a short period of time (in
emergency).

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 91 shows all association ends of TransformerEndInfo with other classes.
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Table 91 — Association ends of AssetIinfo::TransformerEndInfo with other classes

[mult
from]

[mult to] name

type

description

[0..1]

0.

.1] CoreAdmittance

TransformerCoreAdmittance

Core admittance calculated from
this transformer end datasheet,
representing magnetising current
and core losses. The full values of
the transformer should be supplied
for one transformer end info only.

0.

.*] FromMeshImpedance

TransformerMeshlmpedance

All mesh impedances between this
'to' and other 'from' transformer
ends.

0.

.*] ToMeshimpedances

TransformerMeshlmpedance

All mesh impedances between this
'from' and other 'to' transformer
ends.

[0..1]

0.

A]

TransformerStarimpedance

TransformerStarimpedance

Transformer star impedance
calculated from this transformer
end datasheet.

0.

.*] EnergisedEndNoLoadTest

NoLoadTest

All no-load test measurements in
which this transformer end was
energised.

0.

.*] OpenEndOpenCircuitTests

OpenCircuitTest

All open-circuit test measurements
in which this transformer end was
not excited.

0.

*

EnergisedEndOpenCircuitTests

OpenCircuitTest

All open-circuit test measurements
in which this transformer end was
excited.

(1.7

[0.

]

GroundedEndShortCircuitTests

ShortCircuitTest

All short-circuit test measurements
in which this transformer end was
short-circuited.

[0.

*

EnergisedEndShortCircuitTests

ShortCircuitTest

All short-circuit test measurements
in which this transformer end was
energised.

(1.7

[1..

1] TransformerTanklInfo

TransformerTanklInfo

Transformer tank data that this end
description is part of.

[0..1] [0..*] PowerSystemResource PowerSystemResource inherited from: Assetinfo
[0..1] [0..*] Assets Asset inherited from: Assetinfo
[0..1] [0..1] AssetModel AssetModel inherited from: Assetinfo
[0..1] [0..*] DiagramObijects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.5.17 TransformerTankinfo

Set of transformer tank data, from an equipment library.

Table 92 shows all attributes of TransformerTanklInfo.

Table 92 — Attributes of AssetIinfo::TransformerTankinfo

name type description
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 93 shows all association ends of TransformerTankInfo with other classes.
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Table 93 — Association ends of Assetinfo::TransformerTankinfo with other classes

[mult
from]

[mult to] name

type

description

[1.4]

[1..

1] PowerTransformerinfo

PowerTransformerinfo

Power transformer data that this tank
description is part of.

[1..1]

..*] TransformerEndInfos

TransformerEndInfo

Data for all the ends described by this
transformer tank data.

[0..1] [0..*] PowerSystemResource PowerSystemResource inherited from: Assetinfo
[0..1] [0..*] Assets Asset inherited from: Assetinfo
[0..1] [0..1] AssetModel AssetModel inherited from: Assetinfo
[0..1] [0..*] DiagramObijects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.5.18 TransformerTest

Test result for transformer ends, such as short-circuit, open-circuit (excitation) or no-load test.

Table 94 shows all attributes of TransformerTest.

Table 94 — Attributes of AssetIinfo::TransformerTest

name type description
basePower ApparentPower | Base power at which the tests are conducted, usually equal to the rateds of one of
the involved transformer ends.
temperature | Temperature Temperature at which the test is conducted.
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 95 shows all association ends of TransformerTest with other classes.

Table 95 — Association ends of Assetinfo::TransformerTest with other classes

[mult
from]

[mult to] name

type

description

[0..1]

[0..*] DiagramObijects

DiagramObject

inherited from:

IdentifiedObject

[1..1]

[0..*] Names

Name

inherited from:

IdentifiedObject

6.5.19 Wirelnfo

Wire data that can be specified per line segment phase, or for the line segment as a whole

case its phases all have the same wire characteristics.

Table 96 shows all attributes of Wirelnfo.

n
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Table 96 — Attributes of Assetinfo::Wirelnfo

name

type

description

insulated

Boolean

True if conductor is insulated.

insulationMaterial

WirelnsulationKind

(if insulated conductor) Material used for insulation.

insulationThickness

Length

(if insulated conductor) Thickness of the insulation.

material WireMaterialKind Conductor material.

sizeDescription String Describes the wire gauge or cross section (e.g., 4/0, #2, 336.5).

radius Length Outside radius of the wire.

strandCount Integer Number of strands in the conductor.

coreRadius Length (if there is a different core material) Radius of the central core.

coreStrandCount Integer (if used) Number of strands in the steel core.

gmr Length 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.

ratedCurrent CurrentFlow Current carrying capacity of the wire under stated thermal
conditions.

rAC25 ResistancePerLength | AC resistance per unit length of the conductor at 25 °C.

rAC50 ResistancePerLength | AC resistance per unit length of the conductor at 50 °C.

rAC75 ResistancePerLength | AC resistance per unit length of the conductor at 75 °C.

rDC20 ResistancePerLength | DC resistance per unit length of the conductor at 20 °C.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 97 shows all association ends of Wirelnfo with other classes.

Table 97 — Association ends of Assetinfo::Wirelnfo with other classes

[mult [mult to] name type description

from]

[0..7] [0..*] Impedances PerLengthlmpedance All impedances calculated from this wire
datasheet.

[0..1] [0..*] PowerSystemResource PowerSystemResource inherited from: Assetinfo

[0..1] [0..*] Assets Asset inherited from: Assetinfo

[0..1] [0..1] AssetModel AssetModel inherited from: Assetinfo

[0..1] [0..*] DiagramObijects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject
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6.5.20 WirelnsulationKind enumeration

Kind of wire insulation.

Table 98 shows all literals of WirelnsulationKind.

Table 98 — Literals of Assetinfo::WirelnsulationKind

literal

description

asbestosAndVarnishedCambric

Asbestos and varnished cambric wire insulation.

butyl

Butyl wire insulation.

ethylenePropyleneRubber

Ethylene propylene rubber wire insulation.

highMolecularWeightPolyethylene

High nolecular weight polyethylene wire insulation.

treeResistantHighMolecularWeightPolyethylene

Tree resistant high molecular weight polyethylene wire
insulation.

lowCapacitanceRubber

Low capacitance rubber wire insulation.

oilPaper

Qil paper wire insulation.

ozoneResistantRubber

Ozone resistant rubber wire insulation.

beltedPilc Belted pilc wire insulation.
unbeltedPilc Unbelted pilc wire insulation.
rubber Rubber wire insulation.

siliconRubber

Silicon rubber wire insulation.

varnishedCambricCloth

Varnished cambric cloth wire insulation.

varnishedDacronGlass

Varnished dacron glass wire insulation.

crosslinkedPolyethylene

Crosslinked polyethylene wire insulation.

treeRetardantCrosslinkedPolyethylene

Tree retardant crosslinked polyethylene wire insulation.

highPressureFluidFilled

High pressure fluid filled wire insulation.

other

Other kind of wire insulation.

6.5.21 WireMaterialKind enumeration

Kind of wire material.

Table 99 shows all literals of WireMaterialKind.

Table 99 — Literals of Assetinfo::WireMaterialKind

literal description
copper Copper wire.
steel Steel wire.
aluminum Aluminum wire.

aluminumSteel

Aluminum-steel wire.

acsr

Aluminum conductor steel reinforced.

aluminumAlloy

Aluminum-alloy wire.

aluminumAlloySteel

Aluminum-alloy-steel wire.

aaac

Aluminum-alloy conductor steel
reinforced.

other

Other wire material.
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6.5.22 WirePosition

Identification, spacing and configuration of the wires of a conductor with respect to a
structure.

Table 100 shows all attributes of WirePosition.

Table 100 — Attributes of Assetinfo::WirePosition

name type description

phase SinglePhaseKind | Single phase or neutral designation for the wire with this position.

xCoord Displacement Signed horizontal distance from the wire at this position to a common reference
point.

yCoord Displacement Signed vertical distance from the wire at this position: above ground (positive
value) or burial depth below ground (negative value).

aliasName | String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 101 shows all association ends of WirePosition with other classes.

Table 101 — Association ends of Assetinfo::WirePosition with other classes

[mult [mult to] name type description

from]

[1..%] [0..1] WireSpacingInfo WireSpacingInfo Wire spacing data this wire position
belongs to.

[0..1] [0..*] DiagramObijects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.5.23 WireSpacinglinfo

Wire spacing data that associates multiple wire positions with the line segment, and allows to
calculate line segment impedances. Number of phases can be derived from the number of
associated wire positions whose phase is not neutral.

Table 102 shows all attributes of WireSpacinglnfo.

Table 102 — Attributes of Assetinfo::WireSpacinginfo

name type description
isCable Boolean If true, this spacing data describes a cable.
phaseWireCount Integer Number of wire sub-conductors in the symmetrical bundle (typically
between 1 and 4).
phaseWireSpacing | Length Distance between wire sub-conductors in a symmetrical bundle.
usage WireUsageKind | Usage of the associated wires.
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 103 shows all association ends of WireSpacingInfo with other classes.
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Table 103 — Association ends of Assetinfo::WireSpacinginfo with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] Impedances PerLengthlmpedance All impedances calculated from this wire
spacing datasheet.

[0..1] [1..*] WirePositions WirePosition All positions of single wires (phase or
neutral) making the conductor.

[0..1] [0..*] PowerSystemResource PowerSystemResource inherited from: Assetinfo

[0..1] [0..*] Assets Asset inherited from: Assetinfo

[0..1] [0..1] AssetModel AssetModel inherited from: Assetinfo

[0..1] [0..*] DiagramObijects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.5.24 WireUsageKind enumeration

Kind of wire usage.

Table 104 shows all literals of WireUsageKind.

Table 104 — Literals of Assetinfo::WireUsageKind

literal

description

transmission

Wire is used in extra-high voltage or

high voltage network.

distribution Wire is used in medium voltage network.
secondary Wire is used in low voltage circuit.
other Other kind of wire usage.

6.6 Package Work
6.6.1 General

This package contains the core information classes that support work management and
network extension planning applications.

Figure 38 shows class diagram Worklnheritance.
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Figure 38 — Class diagram Work::Worklnheritance

This diagram shows the inheritance hierarchy for normative classes from this package, as well

as enumerations and compound types.

Figure 39 shows class diagram WorkOverview.

Dacummart
Work

+  kind: WorkKind [0..1]
+ priority: String [0..1]
+ requestDateTime: DateTime [0..1]

Figure 39 — Class diagram Work::WorkOverview

IEC 316/13

This diagram shows normative classes from this package.

6.6.2 WorkKind enumeration

Kind of work.

Table 105 shows all literals of WorkKind.

Table 105 — Literals of Work::WorkKind

literal

description

construction

Construction work.

inspection

Inspection work.

maintenance

Maintenance work.

repair Repair work.

test Test work.

service Service work.
meter Meter work.
disconnect Disconnect work.
reconnect Reconnect work.
other Other kind of work.
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6.6.3 Work
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Document used to request, initiate, track and record work.

Table 106 shows all attributes of Work.

Table 106 — Attributes of Work::Work

name type description
kind WorkKind Kind of work.
priority String Priority of work.
requestDateTime DateTime Date and time work was requested.
type String inherited from: Document
createdDateTime DateTime inherited from: Document
lastModifiedDateTime | DateTime inherited from: Document
revisionNumber String inherited from: Document
electronicAddress ElectronicAddress | inherited from: Document
subject String inherited from: Document
title String inherited from: Document
docStatus Status inherited from: Document
status Status inherited from: Document
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 107 shows all association ends of Work with other classes.

Table 107 — Association ends of Work::Work with other classes

[mult [mult to] name type description

from]

[0..7] [0..*] Customers Customer All the customers for which this work is
performed.

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Document

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.7 Package Customers

6.7.1 General

This package contains the core information classes that support customer billing applications.

Figure 40 shows class diagram Customersinheritance.
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Figure 40 — Class diagram Customers::Customersinheritance

This diagram shows the inheritance hierarchy for normative classes from this package, as well
as enumerations and compound types.

Figure 41 shows class diagram CustomersOverview.
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Figure 41 — Class diagram Customers::CustomersOverview
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This diagram shows normative classes from this package.

6.7.2 CustomerKind enumeration

Kind of customer.
Table 108 shows all literals of CustomerKind.

Table 108 - Literals of Customers::CustomerKind

literal description
residential Residential customer.
residentialAndCommercial Residential and commercial customer.
residentialAndStreetlight Residential and streetlight customer.
residentialStreetlightOthers Residential streetlight or other related

customer.

residentialFarmService Residential farm service customer.
commerciallndustrial Commercial industrial customer.
pumpingLoad Pumping load customer.
windMachine Wind machine customer.
energyServiceSupplier Customer as energy service supplier.
energyServiceScheduler Customer as energy service scheduler.
internalUse Internal use customer.
other Other kind of customer.

6.7.3 RevenueKind enumeration

Accounting classification of the type of revenue collected for the customer agreement,
typically used to break down accounts for revenue accounting.

Table 109 shows all literals of RevenueKind.

Table 109 — Literals of Customers::RevenueKind

literal description
residential Residential revenue.
nonResidential Non-residential revenue.
commercial Commercial revenue.
industrial Industrial revenue.
irrigation Irrigation revenue.
streetLight Streetlight revenue.
other Other revenue kind.

6.7.4 ServiceKind enumeration

Kind of service.

Table 110 shows all literals of ServiceKind.



literal description

electricity Electricity service.

gas Gas service.

water Water service.

time Time service.

heat Heat service.

refuse Refuse (waster) service.

sewerage Sewerage service.

rates Rates (e.g. tax, charge, toll, duty, tariff,
etc.) service.

tvLicence TV license service.

internet Internet service.

other Other kind of service.

6.7.5 Customer

Table 110 - Literals of Customers::ServiceKind
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Organisation receiving services from service supplier.

Table 111 shows all attributes of Customer.

Table 111 — Attributes of Customers::Customer

name type description

kind CustomerKind | Kind of customer.

specialNeed String True if customer organisation has special service needs such as life support,
hospitals, etc.

vip Boolean True if this is an important customer. Importance is for matters different than
those in 'specialNeed' attribute.

pucNumber String (if applicable) Public utilities commission (PUC) identification number.

status Status Status of this customer.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

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

Table 112 — Association ends of Customers::Customer with other classes

[mult [mult to] name type description

from]

[0..7] [0..*] Works Work All the works performed for this
customer.

[0..1] [0..*] EndDevices EndDevice All end devices of this customer.

[1..1] [0..*] CustomerAccounts CustomerAccount All accounts of this customer.

[1..1] [0..*] CustomerAgreements CustomerAgreement All agreements of this customer.

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: OrganisationRole

[0..7] [0..1] Organisation Organisation inherited from: OrganisationRole
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[mult [mult to] name type description
from]

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.7.6 CustomerAccount
Assignment of a group of products and services purchased by the customer through a
customer agreement, used as a mechanism for customer billing and payment. It contains

common information from the various types of customer agreements to create billings
(invoices) for a customer and receive payment.

Table 113 shows all attributes of CustomerAccount.

Table 113 — Attributes of Customers::CustomerAccount

name type description
billingCycle String Cycle day on which the associated customer account will normally be
billed, used to determine when to produce the billing.
budgetBill String Budget bill code.
type String inherited from: Document
createdDateTime DateTime inherited from: Document
lastModifiedDateTime | DateTime inherited from: Document
revisionNumber String inherited from: Document
electronicAddress ElectronicAddress | inherited from: Document
subject String inherited from: Document
title String inherited from: Document
docStatus Status inherited from: Document
status Status inherited from: Document
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

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

Table 114 — Association ends of Customers::CustomerAccount with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] PaymentTransactions Transaction All payment transactions for this
customer account.

[1..1] [0..*] CustomerAgreements CustomerAgreement All agreements for this customer
account.

[0..7] [1..1] Customer Customer Customer owning this account.

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Document

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject
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6.7.7 CustomerAgreement

Agreement between the customer and the service supplier to pay for service at a specific
service location. It records certain billing information about the type of service provided at the
service location and is used during charge creation to determine the type of service.

Table 115 shows all attributes of CustomerAgreement.

Table 115 — Attributes of Customers::CustomerAgreement

name type description

loadMgmt String Load management code.
signDate Date inherited from: Agreement
validityInterval DateTimelnterval inherited from: Agreement
type String inherited from: Document
createdDateTime DateTime inherited from: Document
lastModifiedDateTime | DateTime inherited from: Document
revisionNumber String inherited from: Document
electronicAddress ElectronicAddress | inherited from: Document
subject String inherited from: Document

title String inherited from: Document
docStatus Status inherited from: Document
status Status inherited from: Document
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 116 shows all association ends of CustomerAgreement with other classes.

Table 116 — Association ends of Customers::CustomerAgreement with other classes

[mult [mult to] name type description

from]

[0..7] [0..*] ServicelLocations ServicelLocation All service locations regulated by this
customer agreement.

[0..1] [0..*] AuxiliaryAgreements AuxiliaryAgreement All (non-service related) auxiliary
agreements that refer to this customer
agreement.

[0..7] [0..*] PricingStructures PricingStructure All pricing structures applicable to this
customer agreement.

[0..1] [0..*] UsagePoints UsagePoint All service delivery points regulated by
this customer agreement.

[0..7] [0..1] ServiceCategory ServiceCategory Service category for this agreement.

[0..7] [1..1] Customer Customer Customer for this agreement.

[0..7] [1..1] CustomerAccount CustomerAccount Customer account owning this
agreement.

[0..7] [0..7] DemandResponseProgram All demand response programs the

DemandResponsePrograms customer is enrolled in through this
customer agreement.

[0..1] [0..*] MeterReadings MeterReading (could be deprecated in the future) All
meter readings for this customer
agreement.
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[mult [mult to] name type description

from]

[0..7] [1..1] ServiceSupplier ServiceSupplier Service supplier for this customer
agreement.

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Document

[0..1] [0..*] DiagramObijects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.7.8 PricingStructure

Grouping of pricing components and prices used in the creation of customer charges and the
eligibility criteria under which these terms may be offered to a customer. The reasons for
grouping include state, customer classification, site characteristics, classification (i.e. fee
price structure, deposit price structure, electric service price structure, etc.) and accounting
requirements.

Table 117 shows all attributes of PricingStructure.

Table 117 — Attributes of Customers::PricingStructure

name type description

code String Unique user-allocated key for this pricing structure, used by
company representatives to identify the correct price structure for
allocating to a customer. For rate schedules it is often prefixed by
a state code.

revenueKind RevenueKind (accounting) Kind of revenue, often used to determine the grace
period allowed, before collection actions are taken on a customer
(grace periods vary between revenue classes).

taxExemption Boolean True if this pricing structure is not taxable.

dailyEstimatedUsage Integer Used in place of actual computed estimated average when history
of usage is not available, and typically manually entered by
customer accounting.

dailyCeilingUsage Integer Absolute maximum valid non-demand usage quantity used in
validating a customer's billed non-demand usage.

dailyFloorUsage Integer Absolute minimum valid non-demand usage quantity used in
validating a customer's billed non-demand usage.

type String inherited from: Document

createdDateTime DateTime inherited from: Document

lastModifiedDateTime | DateTime inherited from: Document

revisionNumber String inherited from: Document

electronicAddress ElectronicAddress | inherited from: Document

subject String inherited from: Document

title String inherited from: Document

docStatus Status inherited from: Document

status Status inherited from: Document

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 118 shows all association ends of PricingStructure with other classes.
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Table 118 — Association ends of Customers::PricingStructure with other classes

[mult [mult to] name type description

from]

[0..7] [0..*] UsagePoints UsagePoint All service delivery points (with
prepayment meter running as a stand-
alone device, with no
CustomerAgreement or Customer) to
which this pricing structure applies.

[0..1] [0..*] Transactions Transaction All transactions applying this pricing
structure.

[0..7] [0..*] Tariffs Tariff All tariffs used by this pricing structure.

[0..7] [0..*] CustomerAgreements CustomerAgreement All customer agreements with this
pricing structure.

[0..%] [1..1] ServiceCategory ServiceCategory Service category to which this pricing
structure applies.

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Document

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.7.9 ServiceCategory

Category of service provided to the customer.

Table 119 shows all attributes of ServiceCategory.

Table 119 — Attributes of Customers::ServiceCategory

name type description
kind ServiceKind Kind of service.
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 120 shows all association ends of ServiceCategory with other classes.

Table 120 — Association ends of Customers::ServiceCategory with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] ConfigurationEvents ConfigurationEvent All configuration events created for this
service category.

[1..1] [0..*] PricingStructures PricingStructure All pricing structures applicable to this
service category.

[0..1] [0..*] CustomerAgreements CustomerAgreement All customer agreements with this
service category.

[0..1] [0..*] UsagePoints UsagePoint All usage points that deliver this
category of service.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject
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6.7.10 ServicelLocation
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A real estate location, commonly referred to as premises.

Table 121 shows all attributes of ServicelLocation.

Table 121 — Attributes of Customers::ServiceLocation

name type description

accessMethod String Method for the service person to access this service location. For
example, a description of where to obtain a key if the facility is
unmanned and secured.

siteAccessProblem String Problems previously encountered when visiting or performing
work on this location. Examples include: bad dog, violent
customer, verbally abusive occupant, obstructions, safety
hazards, etc.

needslInspection Boolean True if inspection is needed of facilities at this service location.
This could be requested by a customer, due to suspected
tampering, environmental concerns (e.g., a fire in the vicinity), or
to correct incompatible data.

type String inherited from: Location

mainAddress StreetAddress inherited from: Location

secondaryAddress StreetAddress inherited from: Location

phone1 TelephoneNumber | inherited from: Location

phone2 TelephoneNumber | inherited from: Location

electronicAddress ElectronicAddress inherited from: Location

geolnfoReference String inherited from: Location

direction String inherited from: Location

status Status inherited from: Location

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

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

Table 122 — Association ends of Customers::ServiceLocation with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] EndDevices EndDevice All end devices that measure the service
delivered to this service location.

[0..1] [0..*] UsagePoints UsagePoint All usage points delivering service (of
the same type) to this service location.

[0..7] [0..*] CustomerAgreements CustomerAgreement All customer agreements regulating this
service location.

[0..1] [0..*] PowerSystemResources PowerSystemResource inherited from: Location

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Location

[0..7] [0..1] CoordinateSystem CoordinateSystem inherited from: Location

[1..1] [0..*] PositionPoints PositionPoint inherited from: Location

[0..1] [0..*] Assets Asset inherited from: Location

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject
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6.7.11 Tariff

Document, approved by the responsible regulatory agency, listing the terms and conditions,
including a schedule of prices, under which utility services will be provided. It has a unique

number within the state or province. For rate schedules it is frequently allocated by the
affiliated Public utilities commission (PUC).

Table 123 shows all attributes of Tariff.

Table 123 — Attributes of Customers::Tariff

name type description

startDate Date Date tariff was activated.

endDate Date (if tariff became inactive) Date tariff was terminated.
type String inherited from: Document
createdDateTime DateTime inherited from: Document
lastModifiedDateTime | DateTime inherited from: Document
revisionNumber String inherited from: Document
electronicAddress ElectronicAddress inherited from: Document

subject String inherited from: Document

title String inherited from: Document

docStatus Status inherited from: Document

status Status inherited from: Document

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 124 shows all association ends of Tariff with other classes.

Table 124 — Association ends of Customers::Tariff with other classes

[mult [mult to] name type description

from]

[0..7] [0..*] TariffProfiles TariffProfile All tariff profiles using this tariff.
[0..7] [0..*] PricingStructures PricingStructure All pricing structures using this tariff.
[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Document

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8 Package Metering

6.8.1 General

This package contains the core information classes that support end device applications with
specialized classes for metering and premise area network devices, and remote reading
functions. These classes are generally associated with the point where a service is delivered
to the customer.

Figure 42 shows class diagram Meteringlnheritance.
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Figure 42 — Class diagram Metering::Meteringlnheritance
This diagram shows the inheritance hierarchy for normative classes from this package.

Figure 43 shows class diagram MeteringDatatypes.
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Figure 43 — Class diagram Metering::MeteringDatatypes
This diagram shows enumerations and compound types from this package.

Figure 44 shows class diagram MeteringOverviewShort.
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Figure 44 — Class diagram Metering::MeteringOverviewShort

This diagram shows relationships among normative classes from this package (without details
on attributes and associations).
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Figure 45 shows class diagram MeteringUsagePoints.

FowerlystemResource Locatiom
Core:Equipment UsagePeintLocation
<+ normallylnService: Boclean [0..1] <+ accessMethod: String [0..1]
< aggregate: Boolean [0..1] < siteAccessProblem: String [0..1]
< remark: String [0..1]
~Equipments | 0.7
+ i i (10
UsageFointLocations +EndDevices
AssetContainer
0.~ i
+UsagePoints [0..7 —UsageFoints | 5 = ) EndDevice
- ~+EndDevices
IdentifiedOhject o
UsagePoint N
<+ isSdp: Boclean [0..1] -
* ; 0. +EndDevice |0..1
+ isWirtual: Boolean [0..1] EndDevices A
+ phaseCode: PhaseCode [0..1] . )
+ grounded: Eoolean [0..1] +UsagePoint ~+EndDeviceGroups |0..~
+ servicePriority: String [0..1] 0.1 +EndDfviceCroups IdentifiedObject
+ serviceDeliveryRemark: String [0..1] .
+ i «| EndDeviceGrou
+ estimatedLoad: CurrentFlow [0..1] UsagePoints 0. P
=+ checkEilling: Boclean [0..1] o= o
+ ratedCurrent: CurrentFlow [0..1] N +EndDeviceGroups
+ nominalServiceVeltage: Voltage [0..1]
+UsagePoints+ ratedPower: ActivePower [0..1]
+ outageRegion: String [0..1] ~+EndDeviceControls
{1 . i [
readCycle: String [0..1] +EndDeviceControls | ~EndDeviceControls
+ readReoute: String [0..1] o~ 0. |D .
=+ amiBillingReady: AmiEillingReadyKind [0..1] -
+ connectionState: UsagePointConnectediind [0..1] IdentifiedOlject
= minimalUsageExpected: Boclean [0..1] EndDeviceControl
0.1 0.1 | 0.
0.1 +UsagePoints 0." | +EndDeviceControls
~+UsagePoint
~UsagePoint - .
UszgeFaint +UsagePointCroups
0. ~+DemandResponsePrograms
IdentifisdObject | 0. |0__.
UsagePointLroup|+UsagePointGroups IdentifisdObject
0" [+UsagePeintGroups DemandResponseProgram
=DemandResponseFrograms| + type: String [0..1]
g.=|* waliditylnterval: DateTimelnterval [0..1]
+EndDeviceBvents ActivityRecord| +EndDeviceEvents
g~ | EndDeviceEvent |5 «
0-" | +EndDeviczEvents
0.1 |+MeterReading
+MeterReadings IdentifiedObject +MeterReadings
MeterReading
0. 0"
“Meter 0..1
- +MeterServiceWorks +Meter Meter
+MeterServiceWorks W N o1
MeterServiceWork ’ h
0.~ - 0.1
+MeterReplacementWorks +0ldMeter
~MetrolegyRequirements
0.~
IdenrifisdObject . )
—I‘u1etrn|ngyRequ|remenl:s —ReadlngTypes IdentifiedObject
MetrologyRequirement
o 1 ReadingType
+ reason: ReadingReasonKind [0..1] IEC 322/13

Figure 45 — Class diagram Metering::MeteringUsagePoints

This diagram shows the subset of normative classes from this package focused on usage
points.

Figure 46 shows class diagram MeteringEndDevices.
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Figure 46 — Class diagram Metering::MeteringEndDevices

This diagram shows the subset of normative classes from this package focused on end

devices.
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Figure 47 shows class diagram MeteringConfigurationEvents.
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Figure 47 — Class diagram Metering::MeteringConfigurationEvents

This diagram shows the subset of normative classes from this package focused on
configuration events.

Figure 48 shows class diagram MeteringMeterReadings.
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Figure 48 — Class diagram Metering::MeteringMeterReadings

This diagram
readings.

Figure 49 shows class diagram Meter

ingEventsAndControls.

shows the subset of normative classes from this package focused on meter
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Figure 49 — Class diagram Metering::MeteringEventsAndControls

This diagram shows the subset of normative classes from this package focused on end device
events, controls and actions.

Figure 50 shows class diagram MeteringMultipliers.
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Figure 50 — Class diagram Metering::MeteringMultipliers

This diagrams shows the subset of normative classes from this package focused on
multipliers.

Figure 51 shows class diagram MeteringTypes.
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Figure 51 — Class diagram Metering::MeteringTypes

AmiBillingReadyKind enumeration

This diagram shows the subset of normative classes from this package focused on
used for end device events and controls, and for reading values quality and type.

Table 125 shows all literals of AmiBillingReadyKind.

types

Lifecycle states of the metering installation at a usage point with respect to readiness for
billing via advanced metering infrastructure reads.
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Table 125 — Literals of Metering::AmiBillingReadyKind

literal description

enabled Usage point is equipped with an AMI capable meter having communications
capability.

operable Usage point is equipped with an AMI capable meter that is functioning and
communicating with the AMI network.

billingApproved Usage point is equipped with an operating AMI capable meter and accuracy has been
certified for billing purposes.

nonAmi Usage point is equipped with a non AMI capable meter.

amiDisabled Usage point is equipped with an AMI capable meter; however, the AMI functionality

has been disabled or is not being used.

amiCapable Usage point is equipped with an AMI capable meter that is not yet currently equipped
with a communications module.

nonMetered Usage point is not currently equipped with a meter.

6.8.3 ComDirectionKind enumeration

Kind of communication direction.
Table 126 shows all literals of ComDirectionKind.

Table 126 — Literals of Metering::ComDirectionKind

literal description
fromDevice Communication is from device.
toDevice Communication is to device.
biDirectional Communication with the device is bi-directional.

6.8.4 ComTechnologyKind enumeration

Kind of communication technology.
Table 127 shows all literals of ComTechnologyKind.

Table 127 — Literals of Metering::ComTechnologyKind

literal description

cellular Communicates using a public cellular radio network. A specific variant of 'rf'.

ethernet Communicates using one or more of a family of frame-based computer networking
technologies conforming to the IEEE 802.3 standard.

homePlug Communicates using power line communication technologies conforming to the
standards established by the HomePlug Powerline Alliance. A specific variant of 'plc'.

pager Communicates using a public one-way or two-way radio-based paging network. A
specific variant of 'rf'.

phone Communicates using a basic, wireline telephone system.

plc Communicates using power line communication technologies.

rf Communicates using private or public radio-based technology.

rfMesh Communicates using a mesh radio technology. A specific variant of 'rf'".

zigbee Communicates using radio communication technologies conforming to the standards

established by the ZigBee. A specific variant of 'rf'.
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6.8.5 EndDeviceFunctionKind enumeration

Kind of end device function.
Table 128 shows all literals of EndDeviceFunctionKind.

Table 128 - Literals of Metering::EndDeviceFunctionKind

literal description

reverseFlow Detection and monitoring of reverse flow.

demandResponse Demand response functions.

metrology Presentation of metered values to a user or another system (always a function of a
meter, but might not be supported by a load control unit).

outageHistory Reporting historical power interruption data.

relaysProgramming Support for one or more relays that may be programmable in the meter (and tied to
TOU, time pulse, load control or other functions).

onRequestRead On-request reads.

autonomousDst Autonomous application of daylight saving time (DST).

electricMetering Electricity metering.

gasMetering Gas metering.

waterMetering Water metering.

6.8.6 MeterMultiplierKind enumeration

Kind of meter multiplier.
Table 129 shows all literals of MeterMultiplierKind.

Table 129 - Literals of Metering::MeterMultiplierKind

literal description

kH Meter kh (watthour) constant. The number of watthours that must be applied to the
meter to cause one disk revolution for an electromechanical meter or the number of
watthours represented by one increment pulse for an electronic meter.

kR Register multiplier. The number to multiply the register reading by in order to get
kWh.

kE Test constant.

ctRatio Current transformer ratio used to convert associated quantities to real measurements.

ptRatio Potential transformer ratio used to convert associated quantities to real
measurements.

transformerRatio Product of the CT ratio and PT ratio.

6.8.7 RandomisationKind enumeration

Kind of randomisation to be applied to control the timing of end device control commands
and/or the definition of demand response and load control events. Value other than 'none' is
typically used to mitigate potential deleterious effects of simultaneous operation of multiple
devices.

Table 130 shows all literals of RandomisationKind.
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Table 130 — Literals of Metering::RandomisationKind

literal description

start Start time of an event or control action affecting one or more multiple devices is
randomised.

end End time of an event or control action affecting one or more devices is randomised to
prevent simultaneous operation.

startAndEnd Both the start time and the end time of an event or control action affecting one or
more devices are randomised to prevent simultaneous operation.

default Randomisation of start and/or end times involving the operation of one or more
devices is controlled by default settings for the device(s).

none Neither the start time nor the end time of an event or control action affecting one or
more devices is randomised.

6.8.8 ReadingReasonKind enumeration

Reason for the reading being taken.

Table 131 shows all literals of ReadingReasonKind.

Table 131 — Literals of Metering::ReadingReasonKind

literal description

installation Reading(s) taken or to be taken in conjunction with installation of a meter.

removal Reading(s) taken or to be taken in conjunction with removal of a meter.

inquiry Reading(s) taken or to be taken in response to an inquiry by a customer or other
party.

billing Reading(s) taken or to be taken in response to a billing-related inquiry by a customer
or other party. A variant of 'inquiry'.

moveln Reading(s) taken or to be taken in conjunction with a customer move-in event.

moveOut Reading(s) taken or to be taken in conjunction with a customer move-out event.

demandReset Reading(s) taken or to be taken in conjunction with the resetting of one or more

demand registers in a meter.

serviceDisconnect

Reading(s) taken or to be taken in conjunction with a disconnection of service.

serviceConnect

Reading(s) taken or to be taken in conjunction with a connection or re-connection of
service.

loadManagement Reading(s) taken or to be taken to support management of loads on distribution
networks or devices.

loadResearch Reading(s) taken or to be taken to support research and analysis of loads on
distribution networks or devices.

other Reading(s) taken or to be taken for some other reason or purpose.

6.8.9 ServiceMultiplierKind enumeration

Kind of service multiplier.

Table 132 shows all literals of ServiceMultiplierKind.
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Table 132 — Literals of Metering::ServiceMultiplierKind

literal description
ctRatio Current transformer ratio used to convert associated quantities to real measurements.
ptRatio Voltage transformer ratio used to convert associated quantities to real measurements.

transformerRatio

Product of the CT ratio and PT ratio.

6.8.10 TransmissionModeKind enumeration

Transmission mode for end device display controls, applicable to premises area network

(PAN) devices.

Table 133 shows all literals of TransmissionModeKind.

Table 133 — Literals of Metering::TransmissionModeKind

literal description

normal Message transmission mode whereby messages or commands are sent to specific
devices.

anonymous Message transmission mode whereby messages or commands are broadcast to
unspecified devices listening for such communications.

both Message transmission mode whereby messages or commands are sent by both
‘normal’ and 'anonymous' methods.

6.8.11 UsagePointConnectedKind enumeration

State of the usage point with respect to connection to the network.

Table 134 shows all literals of UsagePointConnectedKind.

Table 134 — Literals of Metering::UsagePointConnectedKind

literal

description

connected

The usage point is connected to the network and able to receive or send the
applicable commodity (electricity, gas, water, etc.).

physicallyDisconnected

The usage point has been disconnected from the network at a point upstream of the
meter. The usage point is unable to receive or send the applicable commodity
(electricity, gas, water, etc.). A physical disconnect is often achieved by utilising a
field crew.

logicallyDisconnected

The usage point has been disconnected through operation of a disconnect function
within the meter present at the usage point. The usage point is unable to receive or
send the applicable commodity (electricity, gas, water, etc.) A logical disconnect can
often be achieved without utilising a field crew.

6.8.12 ControlledAppliance compound

Appliance controlled with a PAN device control.

Table 135 shows all attributes of ControlledAppliance.
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Table 135 — Attributes of Metering::ControlledAppliance

name type description
isElectricVehicle Boolean True if the appliance is an electric vehicle.
isExteriorLighting Boolean True if the appliance is exterior lighting.
isInteriorLighting Boolean True if the appliance is interior lighting.
isGenerationSystem Boolean True if the appliance is a generation system.
isHvacCompressorOrFurnace Boolean True if the appliance is HVAC compressor or furnace.
islrrigationPump Boolean True if the appliance is an irrigation pump.
isManagedCommerciallndustrialLoad | Boolean |'I'ru;z if the appliance is managed commercial or industrial

oad.

isPoolPumpSpadacuzzi Boolean True if the appliance is a pool, pump, spa or jacuzzi.
isSimpleMiscLoad Boolean True if the appliance is a simple miscellaneous load.
isSmartAppliance Boolean True if the appliance is a smart appliance.
isStripAndBaseboardHeater Boolean True if the appliance is a stip or baseboard heater.
isWaterHeater Boolean True if the appliance is a water heater.

6.8.13 EndDeviceCapability compound

Inherent capabilities of an end device (i.e., the functions it supports).

Table 136 shows all attributes of EndDeviceCapability.

Table 136 — Attributes of Metering::EndDeviceCapability

name type description

reverseFlow Boolean True if reverse flow function is supported.

demandResponse Boolean True if demand response function is supported.

metrology Boolean True if metrology function is supported.

outageHistory Boolean True if outage history function is supported.

relaysProgramming Boolean True if relays programming function is supported.

onRequestRead Boolean True if on request read function is supported.

autonomousDst Boolean True if autonomous DST (daylight saving time) function is
supported.

communication Boolean True if communication function is supported.

connectDisconnect Boolean True if connect and disconnect function is supported.

electricMetering Boolean True if electric metering function is supported.

gasMetering Boolean True if gas metering function is supported.

waterMetering Boolean True if water metering function is supported.

textMessage Boolean True if the displaying of text messages is supported.

pricinglnfo Boolean True if pricing information is supported.

pulseOutput Boolean True if device produces pulse outputs.

pressureCompensation Boolean True if device performs pressure compensation for metered
quantities.

temperatureCompensation Boolean True if device performs temperature compensation for
metered quantities.

superCompressibilityCompensation | Boolean True if device performs super compressibility compensation

for metered quantities.
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6.8.14 EndDeviceTiming compound

Timing for the control actions of end devices.

Table 137 shows all attributes of EndDeviceTiming.

Table 137 — Attributes of Metering::EndDeviceTiming

name type description
duration Minutes Duration of the end device control action or the business event that
is the subject of the end device control.
durationIndefinite Boolean True if 'duration’ is indefinite.

interval

DateTimelnterval

Start and end time of an interval during which end device control
actions are to be executed.

randomisation

RandomisationKind

Kind of randomisation to be applied to the end device control actions
to be executed.

6.8.15 RationalNumber compound

Rational number = 'numerator' / 'denominator’.
Table 138 shows all attributes of RationalNumber.

Table 138 — Attributes of Metering::RationalNumber

name type description

numerator Integer Numerator.

denominator Integer Denominator. Value 1 indicates the number is a simple integer.

6.8.16 Readinglnterharmonic compound

Interharmonics are represented as a rational number 'numerator' / 'denominator’, and
harmonics are represented using the same mechanism and identified by 'denominator'=1.

Table 139 shows all attributes of Readinglnterharmonic.

Table 139 — Attributes of Metering::Readinginterharmonic

name type description

numerator Integer Interharmonic numerator. Value 0 means not applicable. Value 1
is used in combination with 'denominator'=2 to represent
interharmonic 1/2, and with 'denominator'=1 it represents
fundamental frequency. Finally, values greater than 1 indicate the

harmonic of that order (e.g., 'numerator'=5 is the fifth harmonic).

denominator Integer Interharmonic denominator. Value 0 means not applicable. Value
2 is used in combination with 'numerator'=1 to represent
interharmonic 1/2. Finally, value 1 indicates the harmonic of the

order specified with 'numerator’.

6.8.17 BaseReading

Common representation for reading values. Note that a reading value may have multiple
qualities, as produced by various systems (‘ReadingQuality.source").

Table 140 shows all attributes of BaseReading.
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Table 140 — Attributes of Metering::BaseReading

name type description

value String Value of this reading.

source String System that originally supplied the reading (e.g., customer, AMI
system, handheld reading system, another enterprise system,
etc.).

timePeriod DateTimelnterval Start and end of the period for those readings whose type has a
time attribute such as 'billing', seasonal’ or
'forTheSpecifiedPeriod'.

reportedDateTime DateTime (used only when there are detailed auditing requirements) Date
and time at which the reading was first delivered to the metering
system.

timeStamp DateTime inherited from: MeasurementValue

sensorAccuracy PerCent inherited from: MeasurementValue

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 141 shows all association ends of BaseReading with other classes.

Table 141 — Association ends of Metering::BaseReading with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] ReadingQualities ReadingQuality All qualities of this reading.

[1..1] [0..1] RemoteSource RemoteSource inherited from: MeasurementValue

[1..1] [0..1] MeasurementValueQuality inherited from: MeasurementValue
MeasurementValueQuality

[0..7] [1..1] MeasurementValueSource inherited from: MeasurementValue
MeasurementValueSource

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.18 Channel

A single path for the collection or reporting of register values over a period of time. For
example, a register which measures forward energy can have two channels, one providing

bulk quantity readings and the other providing interval readings of a fixed interval size.

Table 142 shows all attributes of Channel.

Table 142 — Attributes of Metering::Channel

name type description
isVirtual Boolean If true, the data is being calculated by an enterprise system rather
than metered directly.
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 143 shows all association ends

of Channel with other classes.
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Table 143 — Association ends of Metering::Channel with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] Register Register Register whose values are
collected/reported by this channel.

[0..1] [0..1] ReadingType ReadingType Reading type for register values
reported/collected by this channel.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.19 ComFunction

Communication function of communication equipment or a device such as a meter.

Table 144 shows all attributes of ComFunction.

Table 144 — Attributes of Metering::ComFunction

name type description

amrAddress String Communication ID number (e.g. serial number, IP address,
telephone number, etc.) of the AMR module which serves this
meter.

amrRouter String Communication ID number (e.g. port number, serial number, data
collector ID, etc.) of the parent device associated to this AMR
module.

direction ComDirectionKind Kind of communication direction.

technology ComTechnologyKind | Kind of communication technology.

enabled Boolean inherited from: EndDeviceFunction

programID String inherited from: AssetFunction

firmwarelD String inherited from: AssetFunction

hardwarelD String inherited from: AssetFunction

password String inherited from: AssetFunction

configlD String inherited from: AssetFunction

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 145 shows all association ends of ComFunction with other classes.

Table 145 — Association ends of Metering::ComFunction with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] ComModule ComModule Module performing this communication
function.

[0..7] [0..1] EndDevice EndDevice inherited from: EndDeviceFunction

[0..1] [0..*] Registers Register inherited from: EndDeviceFunction

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject
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An asset having communications capabilities that can be paired with a meter or other end
device to provide the device with communication ability, through associated communication
function. An end device that has communications capabilities through embedded hardware
can use that function directly (without the communication module), or combine embedded
communication function with additional communication functions provided through an external
communication module (e.g. zigbee).

Table 146 shows all attributes of ComModule.

Table 146 — Attributes of Metering::ComModule

name type description

amrSystem String Automated meter reading (AMR) system communicating with
this com module.

timeZoneOffset Minutes Time zone offset relative to GMT for the location of this com
module.

supportsAutonomousDst Boolean If true, autonomous DST (daylight savings time) function is
supported.

type String inherited from: Asset

utcNumber String inherited from: Asset

serialNumber String inherited from: Asset

lotNumber String inherited from: Asset

purchasePrice Money inherited from: Asset

critical Boolean inherited from: Asset

electronicAddress

ElectronicAddress

inherited from: Asset

lifecycle LifecycleDate inherited from: Asset
acceptanceTest AcceptanceTest inherited from: Asset
initialCondition String inherited from: Asset
initialLossOfLife PerCent inherited from: Asset
status Status inherited from: Asset
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 147 shows all association ends of ComModule with other classes.

Table 147 — Association ends of Metering::ComModule with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] ComFunctions ComFunction All functions this communication module
performs.

[0..7] [0..*] PowerSystemResources PowerSystemResource inherited from: Asset

[0..7] [0..*] ActivityRecords ActivityRecord inherited from: Asset

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Asset

[0..7] [0..1] Location Location inherited from: Asset

[0..7] [0..*] OrganisationRoles AssetOrganisationRole inherited from: Asset

[0..7] [0..1] AssetContainer AssetContainer inherited from: Asset

[0..7] [0..1] AssetInfo Assetlnfo inherited from: Asset
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[mult [mult to] name type description
from]
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.21 DemandResponseProgram

Demand response program.
Table 148 shows all attributes of DemandResponseProgram.

Table 148 — Attributes of Metering::DemandResponseProgram

name type description

type String Type of demand response program; examples are CPP (critical-
peak pricing), RTP (real-time pricing), DLC (direct load control),
DBP (demand bidding program), BIP (base interruptible
program). Note that possible types change a lot and it would be
impossible to enumerate them all.

validitylnterval DateTimelnterval Interval within which the program is valid.
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 149 shows all association ends of DemandResponseProgram with other classes.

Table 149 — Association ends of Metering::DemandResponseProgram with other classes

[mult [mult to] name type description
from]
[0..%] [0..*] CustomerAgreements CustomerAgreement All customer agreements through which

the customer is enrolled in this demand
response program.

[0..7] [0..*] UsagePointGroups UsagePointGroup All usage point groups enrolled in this
demand response program.

[0..7] [0..*] EndDeviceGroups EndDeviceGroup All groups of end devices enrolled in this
demand response program.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.22 EndDevice

Asset container that performs one or more end device functions. One type of end device is a
meter which can perform metering, load management, connect/disconnect, accounting
functions, etc. Some end devices, such as ones monitoring and controlling air conditioners,
refrigerators, pool pumps may be connected to a meter. All end devices may have
communication capability defined by the associated communication function(s). An end device
may be owned by a consumer, a service provider, utility or otherwise.

There may be a related end device function that identifies a sensor or control point within a
metering application or communications systems (e.g., water, gas, electricity).

Some devices may use an optical port that conforms to the ANSI C12.18 standard for
communications.
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Table 150 shows all attributes of EndDevice.

Table 150 — Attributes of Metering::EndDevice

name type description

isVirtual Boolean If true, there is no physical device. As an example, a virtual
meter can be defined to aggregate the consumption for two or
more physical meters. Otherwise, this is a physical hardware
device.

isPan Boolean If true, this is a premises area network (PAN) device.

installCode String Installation code.

amrSystem String Automated meter reading (AMR) system responsible for
communications to this end device.

timeZoneOffset Minutes Time zone offset relative to GMT for the location of this end
device.

type String inherited from: Asset

utcNumber String inherited from: Asset

serialNumber String inherited from: Asset

lotNumber String inherited from: Asset

purchasePrice Money inherited from: Asset

critical Boolean inherited from: Asset

electronicAddress ElectronicAddress inherited from: Asset

lifecycle LifecycleDate inherited from: Asset

acceptanceTest AcceptanceTest inherited from: Asset

initialCondition String inherited from: Asset

initialLossOfLife PerCent inherited from: Asset

status Status inherited from: Asset

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 151 shows all association ends of EndDevice with other classes.

Table 151 — Association ends of Metering::EndDevice with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] EndDevicelnfo EndDevicelnfo End device data.

[0..1] [0..*] EndDeviceFunctions EndDeviceFunction All end device functions this end device
performs.

[0..7] [0..1] Customer Customer Customer owning this end device.

[0..7] [0..1] ServiceLocation ServicelLocation Service location whose service delivery
is measured by this end device.

[0..7] [0..*] EndDeviceGroups EndDeviceGroup All end device groups referring to this
end device.

[0..7] [0..*] EndDeviceControls EndDeviceControl All end device controls sending
commands to this end device.

[0..1] [0..*] EndDeviceEvents EndDeviceEvent All events reported by this end device.

[0..7] [0..1] UsagePoint UsagePoint Usage point to which this end device
belongs.

[0..1] [0..*] Seals Seal inherited from: AssetContainer
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[mult [mult to] name type description
from]
[0..1] [0..*] Assets Asset inherited from: AssetContainer
[0..7] [0..*] PowerSystemResources PowerSystemResource inherited from: Asset
[0..7] [0..*] ActivityRecords ActivityRecord inherited from: Asset
[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Asset
[0..7] [0..1] Location Location inherited from: Asset
[0..7] [0..*] OrganisationRoles AssetOrganisationRole inherited from: Asset
[0..7] [0..1] AssetContainer AssetContainer inherited from: Asset
[0..7] [0..1] AssetInfo Assetlnfo inherited from: Asset
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.23 EndDeviceAction root class

Action/command performed by an end device on a device other than the end device.

Table 152 shows all attributes of EndDeviceAction.

Table 152 — Attributes of Metering::EndDeviceAction

name type description
command String Command text.
duration Minutes Amount of time the action of this control is to remain active.
durationIndefinite Boolean True if the action of this control is indefinite.
startDateTime DateTime Start date and time for action of this control.

Table 153 shows all association ends of EndDeviceAction with other classes.

Table 153 — Association ends of Metering::EndDeviceAction with other classes

[mult [mult to] name type description

from]

[0..1] [0..1] EndDeviceControl EndDeviceControl End device control issuing this end
device action.

6.8.24 EndDeviceControl

Instructs an end device (or an end device group) to perform a specified action.

Table 154 shows all attributes of EndDeviceControl.
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Table 154 — Attributes of Metering::EndDeviceControl

name

type

description

issuerTrackinglD

String

Identifier assigned by the initiator (e.g. retail electric provider)
of an end device control action to uniquely identify the demand
response event, text message, or other subject of the control
action. Can be used when cancelling an event or text message
request or to identify the originating event or text message in a
consequential end device event.

issuerlD

String

Unique identifier of the business entity originating an end device
control.

reason

String

Reason for the control action that allows to determine how to
continue processing. For example, disconnect meter command
may require different processing by the receiving system if it
has been issued for a network-related reason (protection) or for
a payment-related reason.

scheduledlInterval

DateTimelnterval

(if control has scheduled duration) Date and time interval the
control has been scheduled to execute within.

priceSignal FloatQuantity (if applicable) Price signal used as parameter for this end
device control.

drProgramLevel Integer Level of a demand response program request, where
O=emergency. Note: Attribute is not defined on
DemandResponseProgram as it is not its inherent property (it
serves to control it).

drProgramMandatory Boolean Whether a demand response program request is mandatory.

Note: Attribute is not defined on DemandResponseProgram as it
is not its inherent property (it serves to control it).

primaryDeviceTiming

EndDeviceTiming

Timing for the control actions performed on the device identified
in the end device control.

secondaryDeviceTiming

EndDeviceTiming

Timing for the control actions performed by devices that are
responding to event related information sent to the primary
device indicated in the end device control. For example, load
control actions performed by a PAN device in response to
demand response event information sent to a PAN gateway
server.

aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 155 shows all association ends of EndDeviceControl with other classes.
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Table 155 — Association ends of Metering::EndDeviceControl with other classes

[mult [mult to] name type description

from]

[0..7] [0..*] EndDevices EndDevice All end devices receiving commands
from this end device control.

[0..1] [0..1] EndDeviceAction EndDeviceAction End device action issued by this end
device control.

[0..7] [0..*] UsagePointGroups UsagePointGroup All usage point groups receiving
commands from this end device control.

[0..7] [1..1] EndDeviceControlType EndDeviceControlType Type of this end device control.

[0..7] [0..*] UsagePoints UsagePoint All usage points receiving commands
from this end device control.

[0..7] [0..*] EndDeviceGroups EndDeviceGroup All end device groups receiving
commands from this end device control.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.25 EndDeviceControlType

Detailed description for a control produced by an end device. Values in attributes allow for
creation of recommended codes to be used for identifying end device controls as follows:
<type>.<domain>.<subDomain>.<eventOrAction>.

Table 156 shows all attributes of EndDeviceControlType.

Table 156 — Attributes of Metering::EndDeviceControlType

name type description

type String Type of physical device from which the control was created. A
value of zero (0) can be used when the source is unknown.

domain String High-level nature of the control.

subDomain String More specific nature of the control, as a further sub-categorisation
of 'domain’.

eventOrAction String The most specific part of this control type. It is mainly in the form
of a verb that gives action to the control that just occurred.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 157 shows all association ends of EndDeviceControlType with other classes.

Table 157 — Association ends of Metering::EndDeviceControlType with other classes

[mult
from]

[mult to] name

type description

[1..1]

[0..*] EndDeviceControls

EndDeviceControl

All end device controls of this type.

[0..1]

[0..*] DiagramObjects

DiagramObject

inherited from: IdentifiedObject

[1..1]

[0..*] Names

Name

inherited from: IdentifiedObject




BS EN 61968-11:2013
61968-11 © IEC:2013

6.8.26 EndDeviceEvent

- 1563 -

Event detected by a device function associated with the end device.

Table 158 shows all attributes of EndDeviceEvent.

Table 158 — Attributes of Metering::EndDeviceEvent

name type description

userlD String (if user initiated) ID of user who initiated this end device event.

issuerTrackinglD String Identifier assigned by the initiator (e.g. retail electric provider) of
an end device control action to uniquely identify the demand
response event, text message, or other subject of the control
action. Can be used when cancelling an event or text message
request or to identify the originating event or text message in a
consequential end device event.

issuerlD String Unique identifier of the business entity originating an end device
control.

createdDateTime DateTime inherited from: ActivityRecord

type String inherited from: ActivityRecord

severity String inherited from: ActivityRecord

reason String inherited from: ActivityRecord

status Status inherited from: ActivityRecord

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 159 shows all association ends of EndDeviceEvent with other classes.

Table 159 — Association ends of Metering::EndDeviceEvent with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] EndDevice EndDevice End device that reported this end device
event.

[0..7] [1..1] EndDeviceEventType EndDeviceEventType Type of this end device event.

[0..1] [0..*] EndDeviceEventDetails EndDeviceEventDetail All details of this end device event.

[0..7] [0..1] UsagePoint UsagePoint Usage point for which this end device
event is reported.

[0..7] [0..1] MeterReading MeterReading Set of measured values to which this
event applies.

[0..7] [0..*] Assets Asset inherited from: ActivityRecord

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.27 EndDeviceEventDetail root class

Name-value pair, specific to end device events.

Table 160 shows all attributes of EndDeviceEventDetail.
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Table 160 — Attributes of Metering::EndDeviceEventDetail

name type description

name String Name.

value StringQuantity Value, including unit information.

Table 161 shows all association ends of EndDeviceEventDetail with other classes.

Table 161 — Association ends of Metering::EndDeviceEventDetail with other classes

[mult [mult to] name type description
from]
[0..7] [0..1] EndDeviceEvent EndDeviceEvent End device owning this detail.

6.8.28 EndDeviceEventType

Detailed description for an event produced by an end device. Values in attributes allow for
creation of recommended codes to be used for identifying end device events as follows:
<type>.<domain>.<subDomain>.<eventOrAction>.

Table 162 shows all attributes of EndDeviceEventType.

Table 162 — Attributes of Metering::EndDeviceEventType

name type description

type String Type of physical device from which the event was created. A
value of zero (0) can be used when the source is unknown.

domain String High-level nature of the event. By properly classifying events by a
small set of domain codes, a system can more easily run reports
based on the types of events that have occurred or been

received.

subDomain String More specific nature of the event, as a further sub-categorisation
of 'domain’.

eventOrAction String The most specific part of this event type. It is mainly in the form of
a verb that gives action to the event that just occurred.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 163 shows all association ends of EndDeviceEventType with other classes.

Table 163 — Association ends of Metering::EndDeviceEventType with other classes

[mult [mult to] name type description

from]

[1..1] [0..*] EndDeviceEvents EndDeviceEvent All end device events of this type.
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject
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Table 164 shows all attributes of EndDeviceFunction.

Table 164 — Attributes of Metering::EndDeviceFunction

name type description
enabled Boolean True if the function is enabled.
programID String inherited from: AssetFunction
firmwarelD String inherited from: AssetFunction
hardwarelD String inherited from: AssetFunction
password String inherited from: AssetFunction
configlD String inherited from: AssetFunction
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 165 shows all association ends of EndDeviceFunction with other classes.

Table 165 — Association ends of Metering::EndDeviceFunction with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] EndDevice EndDevice End device that performs this function.
[0..1] [0..*] Registers Register All registers for quantities metered by

this end device function.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.30 EndDeviceGroup
Abstraction for management of group communications within a two-way AMR system or the
data for a group of related end devices. Commands can be issued to all of the end devices

that belong to the group using a defined group address and the underlying AMR
communication infrastructure.

Table 166 shows all attributes of EndDeviceGroup.

Table 166 — Attributes of Metering::EndDeviceGroup

name type description
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 167 shows all association ends of EndDeviceGroup with other classes.
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Table 167 — Association ends of Metering::EndDeviceGroup with other classes

[mult [mult to] name type description

from]

[0..7] [0..*] EndDevices EndDevice All end devices this end device group
refers to.

[0..7] [0..*] EndDeviceControls EndDeviceControl All end device controls sending
commands to this end device group.

[0..7] [0..7] DemandResponseProgra All demand response programs this

DemandResponsePrograms m group of end devices is enrolled in.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.31 EndDevicelnfo

End device data.

Table 168 shows all attributes of EndDevicelnfo.

Table 168 — Attributes of Metering::EndDevicelnfo

name type description

capability EndDeviceCapability Inherent capabilities of the device (i.e., the functions it supports).

phaseCount Integer Nu:rsnber of potential phases the end device supports, typically 0, 1
or 3.

ratedCurrent CurrentFlow Rated current.

ratedVoltage Voltage Rated voltage.

isSolidState Boolean If true, this is a solid state end device (as opposed to a
mechanical or electromechanical device).

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 169 shows all association ends of EndDevicelnfo with other classes.

Table 169 — Association ends of Metering::EndDevicelnfo with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] EndDevices EndDevice All end devices described with this data.
[0..1] [0..*] PowerSystemResource PowerSystemResource inherited from: Assetinfo

[0..1] [0..*] Assets Asset inherited from: Assetinfo

[0..1] [0..1] AssetModel AssetModel inherited from: Assetinfo

[0..1] [0..*] DiagramObijects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.32 IntervalBlock root class

Time sequence of readings of the same reading type. Contained interval readings may need
conversion through the application of an offset and a scalar defined in associated pending.
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Table 170 shows all association ends of IntervalBlock with other classes.

Table 170 — Association ends of Metering::IntervalBlock with other classes

[mult
from]

[mult to] name description

type

[0..7] [0..1] PendingCalculation PendingCalculation Pending calculation to apply to interval
reading values contained by this block
(after which the resulting reading type is
different than the original because it

reflects the conversion result).

[0..7] [0..*] IntervalReadings IntervalReading Interval reading contained in this block.

[0..7] [1..1] ReadingType ReadingType Type information for interval reading

values contained in this block.

[0..7] [0..1] MeterReading MeterReading Meter reading containing this interval

block.

6.8.33 IntervalReading

Data captured at regular intervals of time. Interval data could be captured as incremental
data, absolute data, or relative data. The source for the data is usually a tariff quantity or an
engineering quantity. Data is typically captured in time-tagged, uniform, fixed-length intervals
of 5 min, 10 min, 15 min, 30 min, or 60 min.

NOTE |Interval Data is sometimes also called "Interval Data Readings" (IDR).

Table 171 shows all attributes of IntervalReading.

Table 171 — Attributes of Metering::IntervalReading

name type description

value Float inherited from: BaseReading

source String inherited from: BaseReading
timePeriod DateTimelnterval inherited from: BaseReading
reportedDateTime DateTime inherited from: BaseReading
timeStamp DateTime inherited from: MeasurementValue
sensorAccuracy PerCent inherited from: MeasurementValue
aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 172 shows all association ends of IntervalReading with other classes.

Table 172 — Association ends of Metering::IntervalReading with other classes

[mult [mult to] name type description
from]
[0..7] [0..*] IntervalBlocks IntervalBlock All blocks containing this interval

reading.

[0..1]

[0..*] ReadingQualities

ReadingQuality

inherited from: BaseReading

[1..1]

[0..1] RemoteSource

RemoteSource

inherited from: MeasurementValue

[1..1]

[0..1]
MeasurementValueQuality

MeasurementValueQuality

inherited from: MeasurementValue
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[mult [mult to] name type description
from]
[0..7] [1..1] MeasurementValueSource inherited from: MeasurementValue
MeasurementValueSource
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject
6.8.34 Meter

Physical asset that performs the metering role of the usage point. Used for measuring

consumption and detection of events.

Table 173 shows all attributes of Meter.

Table 173 — Attributes of Metering::Meter

name type description

formNumber String Meter form designation per ANSI C12.10 or other applicable
standard. An alphanumeric designation denoting the circuit
arrangement for which the meter is applicable and its specific
terminal arrangement.

isVirtual Boolean inherited from: EndDevice

isPan Boolean inherited from: EndDevice

installCode String inherited from: EndDevice

amrSystem String inherited from: EndDevice

timeZoneOffset Minutes inherited from: EndDevice

type String inherited from: Asset

utcNumber String inherited from: Asset

serialNumber String inherited from: Asset

lotNumber String inherited from: Asset

purchasePrice Money inherited from: Asset

critical Boolean inherited from: Asset

electronicAddress ElectronicAddress inherited from: Asset

lifecycle LifecycleDate inherited from: Asset

acceptanceTest AcceptanceTest inherited from: Asset

initialCondition String inherited from: Asset

initialLossOfLife PerCent inherited from: Asset

status Status inherited from: Asset

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 174 shows all association ends of Meter with other classes.
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Table 174 — Association ends of Metering::Meter with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] MeterMultipliers MeterMultiplier All multipliers applied at this meter.

[0..1] [0..*] MeterReadings MeterReading All meter readings provided by this
meter.

[0..1] [0..*] MeterServiceWorks MeterServiceWork All non-replacement works on this meter.

[0..1] [0..*] VendingTransactions Transaction All vending transactions on this meter.

[0..1] [0..*] MeterReplacementWorks | MeterServiceWork All works on replacement of this old
meter.

[0..7] [0..1] EndDevicelnfo EndDevicelnfo inherited from: EndDevice

[0..1] [0..*] EndDeviceFunctions EndDeviceFunction inherited from: EndDevice

[0..7] [0..1] Customer Customer inherited from: EndDevice

[0..7] [0..1] ServiceLocation ServicelLocation inherited from: EndDevice

[0..7] [0..*] EndDeviceGroups EndDeviceGroup inherited from: EndDevice

[0..7] [0..*] EndDeviceControls EndDeviceControl inherited from: EndDevice

[0..1] [0..*] EndDeviceEvents EndDeviceEvent inherited from: EndDevice

[0..7] [0..1] UsagePoint UsagePoint inherited from: EndDevice

[0..1] [0..*] Seals Seal inherited from: AssetContainer

[0..1] [0..*] Assets Asset inherited from: AssetContainer

[0..7] [0..*] PowerSystemResources PowerSystemResource inherited from: Asset

[0..7] [0..*] ActivityRecords ActivityRecord inherited from: Asset

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Asset

[0..7] [0..1] Location Location inherited from: Asset

[0..7] [0..*] OrganisationRoles AssetOrganisationRole inherited from: Asset

[0..7] [0..1] AssetContainer AssetContainer inherited from: Asset

[0..7] [0..1] AssetInfo Assetlnfo inherited from: Asset

[0..1] [0..*] DiagramObijects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.35 MeterMultiplier

Multiplier applied at the meter.

Table 175 shows all attributes of MeterMultiplier.

Table 175 — Attributes of Metering::MeterMultiplier

name type description
kind MeterMultiplierKind Kind of multiplier.
value Float Multiplier value.
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 176 shows all association ends of MeterMultiplier with other classes.
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Table 176 — Association ends of Metering::MeterMultiplier with other classes

[mult [mult to] name type description
from]

[0..7] [0..1] Meter Meter Meter applying this multiplier.
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.36 MeterReading

Set of values obtained from the meter.

Table 177 shows all attributes of MeterReading.

Table 177 — Attributes of Metering::MeterReading

name

type

description

valuesinterval

DateTimelnterval

Date and time interval of the data items
contained within this meter reading.

isCoincidentTrigger Boolean If true, this meter reading is the meter reading
for which other coincident meter readings are
requested or provided.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 178 shows all association ends of MeterReading with other classes.

Table 178 — Association ends of Metering::MeterReading with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] CustomerAgreement CustomerAgreement (could be deprecated in the future)
Customer agreement for this meter
reading.

[0..1] [0..*] EndDeviceEvents EndDeviceEvent All end device events associated with

this set of measured values.

[0..7] [0..1] UsagePoint

UsagePoint

Usage point from which this meter
reading (set of values) has been
obtained.

[0..1] [0..*] IntervalBlocks

IntervalBlock

All interval blocks contained in this
meter reading.

[0..*] | [0..1] Meter

Meter

Meter providing this reading.

[0..7] [0..*] Readings

Reading

All reading values contained within this
meter reading.

[0..1] [0..*] DiagramObjects

DiagramObject

inherited from: IdentifiedObject

[1..1] [0..*] Names

Name

inherited from: IdentifiedObject

6.8.37 MeterServiceWork

Work involving meters.

Table 179 shows all attributes of MeterServiceWork.
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Table 179 — Attributes of Metering::MeterServiceWork

name type description
kind WorkKind inherited from: Work
priority String inherited from: Work
requestDateTime DateTime inherited from: Work
type String inherited from: Document
createdDateTime DateTime inherited from: Document
lastModifiedDateTime DateTime inherited from: Document
revisionNumber String inherited from: Document

electronicAddress

ElectronicAddress

inherited from: Document

subject String inherited from: Document
title String inherited from: Document
docStatus Status inherited from: Document
status Status inherited from: Document
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 180 shows all association ends of MeterServiceWork with other classes.

Table 180 — Association ends of Metering::MeterServiceWork with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] Meter Meter Meter on which this non-replacement
work is performed.

[0..7] [0..1] OldMeter Meter Old meter replaced by this work.

[0..7] [0..1] UsagePoint UsagePoint Usage point to which this meter service
work applies.

[0..7] [0..*] Customers Customer inherited from: Work

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Document

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.38 MetrologyRequirement

A specification of the metering requirements for a particular point within a network.

Table 181 shows all attributes of MetrologyRequirement.

Table 181 — Attributes of Metering::MetrologyRequirement

name type description
reason ReadingReasonKind Reason for this metrology requirement being
specified.
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject
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Table 182 shows all association ends of MetrologyRequirement with other classes.

Table 182 — Association ends of Metering::MetrologyRequirement with other classes

[mult [mult to] name type description

from]

[0..7] [0..*] UsagePoints UsagePoint All usage points having this metrology
requirement.

[0..7] [1..*] ReadingTypes ReadingType All reading types required to be collected
by this metrology requirement.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.39 PanDemandResponse

PAN control used to issue action/command to PAN devices during a demand response/load
control event.

Table 183 shows all attributes of PanDemandResponse.

Table 183 — Attributes of Metering::PanDemandResponse

name type

description

appliance

ControlledAppliance | Appliance being controlled.

avgLoadAdjustment | PerCent

Used to define a maximum energy usage limit as a percentage of
the client implementations specific average energy usage. The
load adjustment percentage is added to 100 % creating a
percentage limit applied to the client implementations specific
average energy usage. A

coolingOffset

Temperature

Requested offset to apply to the normal cooling setpoint at the
time of the start of the event. It represents a temperature change
that will be applied to the associated cooling set point. The
temperature offsets will be calculated per the local temperature in
the thermostat. The calculated temperature will be interpreted as
the number of degrees to be added to the cooling set point.
Sequential demand response events are not cumulative. The
offset shall be applied to the normal setpoint.

coolingSetpoint Temperature

Requested cooling set point. Temperature set point is typically
defined and calculated based on local temperature.

dutyCycle

PerCent

Maximum "on" state duty cycle as a percentage of time. For
example, if the value is 80, the device would be in an "on" state
for 80 % of the time for the duration of the action.

heatingOffset Temperature

Requested offset to apply to the normal heating setpoint at the
time of the start of the event. It represents a temperature change
that will be applied to the associated heating set point. The
temperature offsets will be calculated per the local temperature in
the thermostat. The calculated temperature will be interpreted as
the number of degrees to be subtracted from the heating set
point. Sequential demand response events are not cumulative.
The offset shall be applied to the normal setpoint.

heatingSetpoint Temperature

Requested heating set point. Temperature set point is typically
defined and calculated based on local temperature.
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name type description

cancelControlMode String Encoding of cancel control.

cancelDateTime DateTime Timestamp when a canceling of the event is scheduled to start.

cancelNow Boolean If true, a canceling of the event should start immediately.

criticalityLevel String Level of criticality for the action of this control. The action taken
by load control devices for an event can be solely based on this
value, or in combination with other load control event fields
supported by the device.

enrollmentGroup String Provides a mechanism to direct load control actions to groups of
PAN devices. It can be used in conjunction with the PAN device
types.

command String inherited from: EndDeviceAction

duration Minutes inherited from: EndDeviceAction

durationIndefinite Boolean inherited from: EndDeviceAction

startDateTime DateTime inherited from: EndDeviceAction

Table 184 shows all association ends of PanDemandResponse with other classes.

Table 184 — Association ends of Metering::PanDemandResponse with other classes

[mult [mult to] name type description
from]
[0..1] [0..1] EndDeviceControl EndDeviceControl inherited from: EndDeviceAction

6.8.40 PanDisplay

PAN action/command used to issue the displaying of text messages on PAN devices.

Table 185 shows all attributes of PanDisplay.

Table 185 — Attributes of Metering::PanDisplay

name type description
confirmationRequired Boolean If true, the requesting entity (e.g. retail electric
provider) requires confirmation of the successful
display of the text message.
priority String Priority associated with the text message to be
displayed.
textMessage String Text to be displayed by a PAN device.

transmissionMode

TransmissionModeKind

Transmission mode to be used for this PAN
display control.

command String inherited from: EndDeviceAction
duration Minutes inherited from: EndDeviceAction
durationIndefinite Boolean inherited from: EndDeviceAction
startDateTime DateTime inherited from: EndDeviceAction

Table 186 shows all association ends of PanDisplay with other classes.
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Table 186 — Association ends of Metering::PanDisplay with other classes

[mult [mult to] name type description
from]
[0..1] [0..1] EndDeviceControl EndDeviceControl inherited from: EndDeviceAction

6.8.41 PanPricing

PAN action/command used to issue pricing information to a PAN device.
Table 187 shows all attributes of PanPricing.

Table 187 — Attributes of Metering::PanPricing

name type description
providerlD Integer Unique identifier for the commodity provider.
command String inherited from: EndDeviceAction
duration Minutes inherited from: EndDeviceAction
durationIndefinite Boolean inherited from: EndDeviceAction
startDateTime DateTime inherited from: EndDeviceAction

Table 188 shows all association ends of PanPricing with other classes.

Table 188 — Association ends of Metering::PanPricing with other classes

[mult [mult to] name type description
from]
[0..1] [0..*] PanPricingDetails PanPricingDetail All pricing details issued by this PAN

pricing command/action.

[0..1] [0..1] EndDeviceControl EndDeviceControl inherited from: EndDeviceAction

6.8.42 PanPricingDetail root class

Detail for a single price command/action.
Table 189 shows all attributes of PanPricingDetail.

Table 189 — Attributes of Metering::PanPricingDetail

name type description

alternateCostDelivered Float Alternative measure of the cost of the energy consumed. An
example might be the emissions of CO, for each kWh of
electricity consumed providing a measure of the
environmental cost.

alternateCostUnit String Cost unit for the alternate cost delivered field. One example is
kg of CO; per unit of measure.

currentTimeDate DateTime Current time as determined by a PAN device.

generationPrice Money Price of the commodity measured in base unit of currency per

'unitOfMeasure'.

generationPriceRatio Float Ratio of 'generationPrice' to the "normal"” price chosen by the
commodity provider.

priceTierCount Integer Maximum number of price tiers available.
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name type description

price Money Price of the commodity measured in base unit of currency per
'unitOfMeasure’.

priceRatio Float Ratio of 'price’ to the "normal" price chosen by the commodity
provider.

priceTier Integer Pricing tier as chosen by the commodity provider.

rateLabel String Label of the current billing rate specified by commodity
provider.

registerTier String Register tier accumulating usage information.

unitOfMeasure String Defines commodity as well as its base unit of measure.

priceTierLabel String Label for price tier.

Table 190 shows all association ends of PanPricingDetail with other classes.

Table 190 — Association ends of Metering::PanPricingDetail with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] PanPricing PanPricing PAN pricing command/action issuing this
price detail.

6.8.43 PendingCalculation root class

When present, a scalar conversion that needs to be applied to every IntervalReading.value
contained in IntervalBlock. This conversion results in a new associated ReadingType,
reflecting the true dimensions of IntervalReading values after the conversion.

Table 191 shows all attributes of PendingCalculation.

Table 191 — Attributes of Metering::PendingCalculation

name type description

scalarFloat Float (if scalar is floating number) When multiplied with
'IntervalReading.value', it causes a unit of measure conversion
to occur, according to the 'ReadingType.unit'.

scalarNumerator Integer (if scalar is integer or rational number) When the scalar is a
simple integer, and this attribute is presented alone and
multiplied with 'IntervalReading.value', it causes a unit of
measure conversion to occur, resulting in the
'ReadingType.unit'. It is never used in conjunction with
'scalarFloat', only with 'scalarDenominator'.

scalarDenominator Integer (if scalar is rational number) When 'IntervalReading.value' is
multiplied by 'scalarNumerator' and divided by this value, it
causes a unit of measure conversion to occur, resulting in the
'ReadingType.unit".

offset Integer (if applicable) Offset to be added as well as multiplication using
scalars.

multiplyBeforeAdd Boolean Whether scalars should be applied before adding the 'offset'.
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Table 192 shows all association ends of PendingCalculation with other classes.

Table 192 — Association ends of Metering::PendingCalculation with other classes

[mult
from]

[mult to] name description

type

[0..1] [1..1] ReadingType ReadingType Reading type resulting from this pending

conversion.

[0..1] [0..*] IntervalBlocks IntervalBlock All blocks of interval reading values to

which this pending conversion applies.

6.8.44 Reading

Specific value measured by a meter or other asset, or calculated by a system. Each Reading
is associated with a specific ReadingType.

Table 193 shows all attributes of Reading.

Table 193 — Attributes of Metering::Reading

name type description
reason ReadingReasonKind | Reason for this reading being taken.
value Float inherited from: BaseReading
source String inherited from: BaseReading
timePeriod DateTimelnterval inherited from: BaseReading
reportedDateTime DateTime inherited from: BaseReading
timeStamp DateTime inherited from: MeasurementValue
sensorAccuracy PerCent inherited from: MeasurementValue
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 194 shows all association ends of Reading with other classes.

Table 194 — Association ends of Metering::Reading with other classes

[mult [mult to] name type description

from]

[0..%] [0..*] MeterReadings MeterReading All meter readings (sets of values)

containing this reading value.

[0..7] [1..1] ReadingType ReadingType Type information for this reading value.

[0..1] [0..*] ReadingQualities ReadingQuality inherited from: BaseReading

[1..1] [0..1] RemoteSource RemoteSource inherited from: MeasurementValue

[1..1] [0..1] MeasurementValueQuality inherited from: MeasurementValue
MeasurementValueQuality

[0..7] [1..1] MeasurementValueSource inherited from: MeasurementValue
MeasurementValueSource

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject
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6.8.45 ReadingQuality root class

Quality of a specific reading value or interval reading value. Note that more than one quality
may be applicable to a given reading. Typically not used unless problems or unusual
conditions occur (i.e., quality for each reading is assumed to be good unless stated otherwise
in associated reading quality type). It can also be used with the corresponding reading quality
type to indicate that the validation has been performed and succeeded.

Table 195 shows all attributes of ReadingQuality.

Table 195 — Attributes of Metering::ReadingQuality

name type description
timeStamp DateTime Date and time at which the quality code was assigned or
ascertained.
source String System acting as the source of the quality code.
comment String Elaboration on the quality code.

Table 196 shows all association ends of ReadingQuality with other classes.

Table 196 — Association ends of Metering::ReadingQuality with other classes

mu mu O] name ype escription
[mult [mult to] t descripti

from]

[0..7] [0..1] Reading BaseReading Reading value to which this quality

applies.

[0..7] [1..1] ReadingQualityType ReadingQualityType Type of this reading quality.

6.8.46 ReadingQualityType

Detailed description for a quality of a reading value, produced by an end device or a system.
Values in attributes allow for creation of the recommended codes to be used for identifying
reading value quality codes as follows: <systemld>.<category>.<subCategory>.

Table 197 shows all attributes of ReadingQualityType.

Table 197 — Attributes of Metering::ReadingQualityType

name type description

systemld String Identification of the system which has declared the issue with the
data or provided commentary on the data.

category String High-level nature of the reading value quality.

subCategory String More specific nature of the reading value quality, as a further sub-
categorisation of 'category'.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject
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Table 198 shows all association ends of ReadingQualityType with other classes.

Table 198 — Association ends of Metering::ReadingQualityType with other classes

[mult [mult to] name type description
from]

[1..1] [0..*] ReadingQualities ReadingQuality All reading qualities of this type.
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.47 ReadingType

Detailed description for a type of a reading value. Values in attributes allow for the creation of
recommended codes to be used for identifying reading value types as follows:
<macroPeriod>.<aggregate>.<measuringPeriod>.<accumulation>.<flowDirection>.<commodit

y>.<measurementKind>.<interharmonic.numerator>.<interharmonic.denominator>.<argument.

numerator>.<argument.denominator>.<tou>.<cpp>.<consumptionTier>.<phases>.<multiplier>.
<unit>.<currency>.

Table 199 shows all attributes of ReadingType.

Table 199 — Attributes of Metering::ReadingType

name type description

macroPeriod String Time period of interest that reflects how the reading is viewed or
captured over a long period of time.

aggregate String Salient attribute of the reading data aggregated from individual
endpoints. This is mainly used to define a mathematical operation
carried out over 'macroPeriod’, but may also be used to describe an
attribute of the data when the 'macroPeriod' is not defined.

measuringPeriod String Time attribute inherent or fundamental to the reading value (as
opposed to 'macroPeriod' that supplies an "adjective" to describe
aspects of a time period with regard to the measurement). It refers to
the way the value was originally measured and not to the frequency at
which it is reported or presented. For example, an hourly interval of
consumption data would have value 'hourly' as an attribute. However in
the case of an hourly sampled voltage value, the meterReadings
schema would carry the 'hourly' interval size information.

It is common for meters to report demand in a form that is measured
over the course of a portion of an hour, while enterprise applications
however commonly assume the demand (in kW or kVAr) normalised to
1 h. The sytem that receives readings directly from the meter therefore
shall perform this transformation before publishing readings for use by
the other enterprise systems. The scalar used is chosen based on the
block size (not any sub-interval size).

accumulation String Accumulation behaviour of a reading over time, usually
'measuringPeriod’, to be used with individual endpoints (as opposed to
'macroPeriod' and 'aggregate' that are used to describe aggregations of
data from individual endpoints).

flowDirection String Flow direction for a reading where the direction of flow of the
commodity is important (for electricity measurements this includes
current, energy, power, and demand).

commodity String Commodity being measured.

measurementKind | String Identifies "what" is being measured, as refinement of '‘commodity’.
When combined with 'unit’, it provides detail to the unit of measure. For
example, 'energy' with a unit of measure of 'kWh' indicates to the user
that active energy is being measured, while with 'kVAh' or 'kVArh', it
indicates apparent energy and reactive energy, respectively. 'power’
can be combined in a similar way with various power units of measure:
Distortion power ('distortionVoltAmperes') with 'kVA' is different from
'power' with 'kVA'.
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name

type

description

interharmonic

Readinglinterhar
monic

Indication of a "harmonic" or "interharmonic" basis for the
measurement. Value 0 in 'numerator' and 'denominator' means not
applicable.

argument RationalNumber Argument used to introduce numbers into the unit of measure
description where they are needed (e.g., 4 where the measure needs
an argument such as CEMI(n=4)). Most arguments used in practice
however will be integers (i.e., 'denominator'=1).
Value 0 in 'numerator' and 'denominator' means not applicable.

tou Integer Time of use (TOU) bucket the reading value is attributed to. Value 0
means not applicable.

cpp Integer Critical peak period (CPP) bucket the reading value is attributed to.
Value 0 means not applicable. Even though CPP is usually considered
a specialised form of time of use 'tou’, this attribute is defined explicitly
for flexibility.

consumptionTier Integer In case of common flat-rate pricing for power, in which all purchases
are at a given rate, 'consumptionTier'=0. Otherwise, the value indicates
the consumption tier, which can be used in conjunction with TOU or
CPP pricing.
Consumption tier pricing refers to the method of billing in which a
certain "block" of energy is purchased/sold at one price, after which the
next block of energy is purchased at another price, and so on, all
throughout a defined period. At the start of the defined period,
consumption is initially zero, and any usage is measured against the
first consumption tier (‘consumptionTier'=1). If this block of energy is
consumed before the end of the period, energy consumption moves to
be reconed against the second consumption tier (‘consumptionTier'=2),
and so on. At the end of the defined period, the consumption
accumulator is reset, and usage within the 'consumptionTier'=1
restarts.

phases String Meteriing-specific phase code.

multiplier String Metering-specific multiplier.

unit String Metering-specific unit.

currency String Metering-specific currency.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 200 shows all association ends of ReadingType with other classes.

Table 200 — Association ends of Metering::ReadingType with other classes

[mult
from]

[mult to] name

type description

[0..1] | [0..1] Channel

Channel Channel reporting/collecting register

values with this type information.

[1..1] [0..*] IntervalBlocks

IntervalBlock All blocks containing interval reading

values with this type information.

[1..7] [0..*] MetrologyRequirements

MetrologyRequirement All metrology requirements that require

this reading type to be collected.

[1..1] [0..1] PendingCalculation

PendingCalculation Pending calculation that produced this

reading type.

[1..1] [0..*] Readings

Reading All reading values with this type

information.

[0..1] [0..*] DiagramObjects

DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names

Name inherited from: IdentifiedObject
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6.8.48 Register

A device that indicates or records units of the commodity or other quantity measured.
Table 201 shows all attributes of Register.

Table 201 — Attributes of Metering::Register

name type description

isVirtual Boolean If true, the data it produces is calculated or measured by a device other
than a physical end device/meter. Otherwise, any data streams it
produces are measured by the hardware of the end device/meter itself.

rightDigitCount Integer Number of digits (dials on a mechanical meter) to the right of the
decimal place.

leftDigitCount Integer Number of digits (dials on a mechanical meter) to the left of the
decimal place; default is normally 5.

touTier Timelnterval Clock time interval for register to beging/cease accumulating time of
usage (e.g., start at 8:00 am, stop at 5:00 pm).

touTierName String Name used for the time of use tier (also known as bin or bucket). For
example, "peak"”, "off-peak”, "TOU Category A", etc.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 202 shows all association ends of Register with other classes.

Table 202 — Association ends of Metering::Register with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] Channels Channel All channels that collect/report values
from this register.

[0..7] [0..1] EndDeviceFunction EndDeviceFunction End device function metering quantities
displayed by this register.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.49 ServiceMultiplier

Multiplier applied at the usage point.
Table 203 shows all attributes of ServiceMultiplier.

Table 203 — Attributes of Metering::ServiceMultiplier

name type description
kind ServiceMultiplierKind Kind of multiplier.
value Float Multiplier value.
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject
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Table 204 shows all association ends of ServiceMultiplier with other classes.

Table 204 — Association ends of Metering::ServiceMultiplier with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] UsagePoint UsagePoint Usage point applying this multiplier.
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.50 SimpleEndDeviceFunction

Simple end device function distinguished by 'kind'. Use this class for instances that cannot be

represented by another end device function specialisations.

Table 205 shows all attributes of SimpleEndDeviceFunction.

Table 205 — Attributes of Metering::SimpleEndDeviceFunction

name type description
kind EndDeviceFunctionKind Kind of this function.
enabled Boolean inherited from: EndDeviceFunction
program|D String inherited from: AssetFunction
firmwarelD String inherited from: AssetFunction
hardwarelD String inherited from: AssetFunction
password String inherited from: AssetFunction
configlD String inherited from: AssetFunction
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 206 shows all association ends of SimpleEndDeviceFunction with other classes.

Table 206 — Association ends of Metering::SimpleEndDeviceFunction with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] EndDevice EndDevice inherited from: EndDeviceFunction
[0..1] [0..*] Registers Register inherited from: EndDeviceFunction
[0..1] [0..*] DiagramObijects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject
6.8.51 UsagePoint

Logical or physical point in the network to which readings or events may be attributed. Used
at the place where a physical or virtual meter may be located; however, it is not required that
a meter be present.

Table 207 shows all attributes of UsagePoint.
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Table 207 — Attributes of Metering::UsagePoint

name

type

description

isSdp

Boolean

If true, this usage point is a service delivery point, i.e., a usage point
where the ownership of the service changes hands.

isVirtual

Boolean

If true, this usage point is virtual, i.e., no physical location exists in the
network where a meter could be located to collect the meter readings.
For example, one may define a virtual usage point to serve as an
aggregation of usage for all of a company’s premises distributed widely
across the distribution territory. Otherwise, the usage point is physical,
i.e., there is a logical point in the network where a meter could be
located to collect meter readings.

phaseCode

PhaseCode

Phase code. Number of wires and specific nominal phases can be
deduced from enumeration literal values. For example, ABCN is three-
phase, four-wire, s12n (splitSecondary12N) is single-phase, three-wire,
and s1n and s2n are single-phase, two-wire.

grounded

Boolean

True if grounded.

servicePriority

String

Priority of service for this usage point. Note that usage points at the
same service location can have different priorities.

serviceDeliveryR
emark

String

Remarks about this usage point, for example the reason for it being
rated with a non-nominal priority.

estimatedLoad

CurrentFlow

Estimated load.

checkBilling Boolean True if as a result of an inspection or otherwise, there is a reason to
suspect that a previous billing may have been performed with
erroneous data. Value should be reset once this potential discrepancy
has been resolved.

ratedCurrent CurrentFlow Current flow that this usage point is configured to deliver.

nominalServiceV
oltage

Voltage

Nominal service voltage.

ratedPower

ActivePower

Active power that this usage point is configured to deliver.

outageRegion String Outage region in which this usage point is located.

readCycle String Cycle day on which the meter for this usage point will normally be read.
Usually correlated with the billing cycle.

readRoute String Identifier of the route to which this usage point is assigned for

purposes of meter reading. Typically used to configure hand held meter
reading systems prior to collection of reads.

amiBillingReady

AmiBillingReady
Kind

Tracks the lifecycle of the metering installation at a usage point with
respect to readiness for billing via advanced metering infrastructure
reads.

connectionState

UsagePointConn

State of the usage point with respect to connection to the network.

ectedKind
minimalUsageEx Boolean If true, minimal or zero usage is expected at this usage point for
pected situations such as premises vacancy, logical or physical disconnect. It
is used for readings validation and estimation.
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject
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Table 208 shows all association ends of UsagePoint with other classes.

Table 208 — Association ends of Metering::UsagePoint with other classes

[mult [mult to] name type description

from]

[0..7] [0..*] Equipments Equipment All equipment connecting this usage
point to the electrical grid.

[0..1] [0..*] ConfigurationEvents ConfigurationEvent All configuration events created for this
usage point.

[0..%] [0..1] ServiceCategory ServiceCategory Service category delivered by this usage
point.

[0..1] [0..*] EndDevices EndDevice All end devices at this usage point.

[0..1] [0..*] ServiceMultipliers ServiceMultiplier All multipliers applied at this usage
point.

[0..%] [0..1] CustomerAgreement CustomerAgreement Customer agreement regulating this

service delivery point.

[0..7] [0..*] PricingStructures PricingStructure All pricing structures applicable to this

service delivery point (with prepayment
meter running as a stand-alone device,
with no CustomerAgreement or

Customer).

[0..7] [0..1] ServiceLocation ServicelLocation Service location where the service
delivered by this usage point is
consumed.

[0..7] [0..*] EndDeviceControls EndDeviceControl All end device controls sending
commands to this usage point.

[0..1] [0..*] EndDeviceEvents EndDeviceEvent All end device events reported for this
usage point.

[0..1] [0..*] MeterReadings MeterReading All meter readings obtained from this
usage point.

[0..1] [0..*] MeterServiceWorks MeterServiceWork All meter service works at this usage
point.

[0..7] [0..*] MetrologyRequirements MetrologyRequirement All metrology requirements for this
usage point.

[0..7] [0..1] ServiceSupplier ServiceSupplier ServiceSupplier (utility) utilising this
usage point to deliver a service.

[0..7] [0..*] UsagePointGroups UsagePointGroup All groups to which this usage point
belongs.

[0..7] [0..1] UsagePointLocation UsagePointLocation Location of this usage point.

[0..1] [0..*] DiagramObijects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.8.52 UsagePointGroup

Abstraction for management of group communications within a two-way AMR system or the
data for a group of related usage points. Commands can be issued to all of the usage points
that belong to a usage point group using a defined group address and the underlying AMR
communication infrastructure.
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Table 209 shows all attributes of UsagePointGroup.
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Table 209 — Attributes of Metering::UsagePointGroup

name type description
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 210 shows all association ends of UsagePointGroup with other classes.

Table 210 — Association ends of Metering::UsagePointGroup with other classes

[mult [mult to] name type description

from]

[0..7] [0..*] UsagePoints UsagePoint All usage points in this group.

[0..7] [0..7] DemandResponseProgra All demand response programs this
DemandResponsePrograms m usage point group is enrolled in.

[0..7] [0..*] EndDeviceControls EndDeviceControl All end device controls sending

commands to this usage point group.

[0..1]

[0..*] DiagramObjects

DiagramObject

inherited from: IdentifiedObject

[1..1]

[0..*] Names

Name

inherited from: IdentifiedObject

6.8.53 UsagePointLocation

Location of an individual usage point.

Table 211 shows all attributes of UsagePointLocation.

Table 211 — Attributes of Metering::UsagePointLocation

name type description

accessMethod String Method for the service person to access this usage point location.
For example, a description of where to obtain a key if the facility
is unmanned and secured.

siteAccessProblem String Problems previously encountered when visiting or performing
work at this location. Examples include: bad dog, violent
customer, verbally abusive occupant, obstructions, safety
hazards, etc.

remark String Remarks about this location.

type String inherited from: Location

mainAddress StreetAddress inherited from: Location

secondaryAddress StreetAddress inherited from: Location

phone1 TelephoneNumber | inherited from: Location

phone2 TelephoneNumber | inherited from: Location

electronicAddress ElectronicAddress inherited from: Location

geolnfoReference String inherited from: Location

direction String inherited from: Location

status Status inherited from: Location

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject
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Table 212 shows all association ends of UsagePointLocation with other classes.

Table 212 — Association ends of Metering::UsagePointLocation with other classes

[mult [mult to] name type description
from]

[0..1] [0..*] UsagePoints UsagePoint All usage points at this location.
[0..1] [0..*] PowerSystemResources PowerSystemResource inherited from: Location

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Location

[0..7] [0..1] CoordinateSystem CoordinateSystem inherited from: Location

[1..1] [0..*] PositionPoints PositionPoint inherited from: Location

[0..1] [0..*] Assets Asset inherited from: Location

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.9 Package LoadControl

6.9.1 General

This package is an extension of the Metering package and contains the information classes
that support specialised applications such as demand-side management using load control
equipment. These classes are generally associated with the point where a service is delivered
to the customer.

Figure 52 shows class diagram LoadControlinheritance.

Core:
IdentifiedObject

[F‘ + isArmConnect: Boolean [0..1]
+  isArmDisconnect: Boolean [0..1]
A“EE::_ + armedTimeout: Seconds [0..1]
Assetfunction <+ needsVoltagelLimitCheck: Boolean [0.1]
[F\‘ + needsPowerLimitCheck: Boolean [0..1]
+ customerVoltagelimit: Veoltage [0..1]
+ powerlimit: ActivePower [0..1]
EndDeviceFunction + usePushbutton: Boclean [0..1]
+ isEnergyLimiting: Booclean [0..1]
[% + energyLimit: RealEnergy [0..1]
+ energyllsageWarning: RealEnergy [0..1]
+ energylsageStartDateTime: DateTime [0..1]

«Compound:
RemoteConnectlisconnectinfo

Metering::

ConnectDisconnectFunction

IEC 329/13

Figure 52 — Class diagram LoadControl::LoadControllnheritance

This diagram shows the inheritance hierarchy for normative classes from this package, as well
as enumerations and compound types.

Figure 53 shows class diagram LoadControlOverview.
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ConnectDisconnectFunction

EndDeviceFunction

=+ isLocalfutoDisconOp: Boolean [0..1]

-+ isLocalfutoReconOp: Boolean [0..1]

~+ isRemotefsutoDisconTp: Boclean [0..1]

+ isRemoteAutoReconOp: Bocolean [0..1]

=+ isDelayedDiscon: Boolean [0..1]

+ eventCount: Integer [0..1]

+ isConnected: Boolean [0..1]

+ rodinfo: RemoteConnectDisconnectinfo [0..1]

IEC 330/13

Figure 53 — Class diagram LoadControl::LoadControlOverview

This diagram shows normative classes from this package.

6.9.2 RemoteConnectDisconnectinfo compound

Details of remote connect and disconnect function.

Table 213 shows all attributes of RemoteConnectDisconnectinfo.

Table 213 — Attributes of LoadControl::RemoteConnectDisconnectinfo

name type description

isArmConnect Boolean True if the RCD switch has to be armed before a connect action can
be initiated.

isArmDisconnect Boolean True if the RCD switch has to be armed before a disconnect action
can be initiated.

armedTimeout Seconds Setting of the timeout elapsed time.

needsVoltageLimitCheck Boolean True if voltage limit has to be checked to prevent connect if voltage is
over the limit.

needsPowerLimitCheck Boolean True if load limit has to be checked to issue an immediate disconnect
(after a connect) if load is over the limit.

customerVoltageLimit Voltage Voltage limit on customer side of RCD switch above which the

connect should not be made.

powerLimit ActivePower | Load limit above which the connect should either not take place or
should cause an immediate disconnect.

usePushbutton Boolean True if pushbutton has to be used for connect.

isEnergyLimiting Boolean True if the energy usage is limited and the customer will be
disconnected if they go over the limit.

energyLimit RealEnergy | Limit of energy before disconnect.

energyUsageWarning RealEnergy | Warning energy limit, used to trigger event code that energy usage is
nearing limit.

energyUsageStartDateTime | DateTime Start date and time to accumulate energy for energy usage limiting.

6.9.3 ConnectDisconnectFunction

A function that will disconnect and reconnect the customer's load under defined conditions.
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Table 214 shows all attributes of ConnectDisconnectFunction.

Table 214 — Attributes of LoadControl::ConnectDisconnectFunction

name type description

isLocalAutoDisconOp Boolean If set true and if disconnection can be operated locally,
the operation happens automatically. Otherwise it
happens manually.

isLocalAutoReconOp Boolean If set true and if reconnection can be operated locally,
then the operation happens automatically. Otherwise,
it happens manually.

isRemoteAutoDisconOp | Boolean If set true and if disconnection can be operated
remotely, then the operation happens automatically. If
set false and if disconnection can be operated
remotely, then the operation happens manually.

isRemoteAutoReconOp | Boolean If set true and if reconnection can be operated
remotely, then the operation happens automatically. If
set false and if reconnection can be operated remotely,
then the operation happens manually.

isDelayedDiscon Boolean If set true, the switch may disconnect the service at
the end of a specified time delay after the disconnect
signal has been given. If set false, the switch may
disconnect the service immediately after the
disconnect signal has been given. This is typically the
case for over current circuit-breakers which are
classified as either instantaneous or slow acting.

eventCount Integer Running cumulative count of connect or disconnect
events, for the lifetime of this function or until the value
is cleared.

isConnected Boolean True if this function is in the connected state.

rcdinfo RemoteConnectDisconnectinfo | Information on remote connect disconnect switch.

enabled Boolean inherited from: EndDeviceFunction

program|D String inherited from: AssetFunction

firmwarelD String inherited from: AssetFunction

hardwarelD String inherited from: AssetFunction

password String inherited from: AssetFunction

configlD String inherited from: AssetFunction

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 215 shows all association ends of ConnectDisconnectFunction with other classes.

Table 215 — Association ends of LoadControl::ConnectDisconnectFunction

with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] EndDevice EndDevice inherited from: EndDeviceFunction
[0..1] [0..*] Registers Register inherited from: EndDeviceFunction
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1]

..*] Names

Name

inherited from: IdentifiedObject
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6.10 Package PaymentMetering

6.10.1 General
This package is an extension of the Metering package and contains the information classes
that support specialised applications such as prepayment metering. These classes are
generally associated with the collection and control of revenue from the customer for a
delivered service.

Figure 54 shows class diagram PaymentMeteringlnheritance.

Receipt Charge Cashier PointOfsale Transaction Tender Transactor vendor
N %7 / P Cashiershift
Core: .
Shift
|dentifiedObject ﬁ“&__
Vendorshift
Common::
/ Document
Common:: i
O isationRale Comman::
i Agreement

el

Auxiliarybgreement

ServiceSupplier Merchantbgreement TariffProfile AuxiliaryAccount MerchantAccount

Card Cheque TimeTariffinterval ConsumptionTariffinterval
«Compound:s «Compound:s «Compounds
AccountingUnit AccountMowvement Due

+ wvalue: Float [0..1] +

+ energylUnit:

RealEnergy [0..1] +

+ menetaryUnit: Currency [0..1] T+

amount: Money [0..1] +

reason: String [0..1]
dateTime: DateTime [0..1]

current: Money [0.1]
principle: Money [0..1]
arrears: Money [0..1]

+  multiplier: UnitMultiplier [0..1] + interest: Money [0..1]
+ charges: Money [0..1]

“EAUMErations HENUMEration: #EnUmMerations «Compounds

TransactienKind SupplierKind ChargeKind LineDretail
serviceChargeFayment utility consumptionCharge + amount: Money [0..1]
taxChargePayment retailer demandCharge + rounding: Meney [0..1]
auxiliaryChargePayment other auxiliaryCharge + dateTime: DateTime [0..1]
accountPayment taxCharge + note: String [0..1]
diversePayment other

transactionReversal

tokenSalePayment wenumerations: «Compound:
tokenFreelssue TenderKind Bank#ccountDetail
“enumeration:

EEE::E::—:"QE cheque ChequeKind + accountNumber: .String [0..1]

rokenCancellation card + holderName: String [0..1]

meter ConfigurationToken cash E“fmdrd” + holderlD: String [0..1]

sther unspecified ankOrder + bankMame: String [0..1]
other other + branchCode: 5tring [0..1]

IEC 331/13

Figure 54 — Class diagram PaymentMetering::PaymentMeteringlnheritance
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This diagram shows the inheritance hierarchy for normative classes from this package, as well
as enumerations and compound types.

Figure 55 shows class diagram PaymentMeteringOverview.
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Figure 55 — Class diagram PaymentMetering::PaymentMeteringOverview
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This diagram shows normative classes from this package.

Figure 56 shows class diagram PaymentMeteringRelationships.
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Figure 56 — Class diagram PaymentMetering::PaymentMeteringRelationships



BS EN 61968-11:2013
61968-11 © IEC:2013 - 181 -

This diagram shows relationships of the classes from this package with those from other
packages.

Figure 57 shows class diagram Transacting.

Document Document EndDevice Dacument
Customers:: AuxiliaryAccount Metering::Meter Customers::
CustomerAccount Pricing5tructure

0.1 | 0..1 | 0.1 0.1
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Cashier Vendor
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Figure 57 — Class diagram PaymentMetering::Transacting

This diagram shows classes used to model transacting.



BS EN 61968-11:2013

- 182 - 61968-11 © IEC:2013
Figure 58 shows class diagram Receipting.
Card Cheque
+ covNumber: String [0..1] + kind: ChequeKind [0..1]
+ expiryDate: Date [0.1] + date: Date [0..1]
+ pan: String [0.1] +  micrMumber: String [0..1]
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Figure 58 — Class diagram PaymentMetering::Receipting

This diagram shows classes used to model receipting.
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Figure 59 shows class diagram AuxiliaryAgreement.

Agresmanmt

Customers::
CustomerAgreement

+CustomerAgreement | .1

+AuxiliaryAgreements | 0.7

Agreameant

AuxiliaryAgreement

+  subType: String [0..1]

+ auxCycle: String [0..1]

+ auxPriorityCode: String [0..1]

+ arrearsinterest: PerCent [0..1]

+ payCycle: String [0..1]

+  minAmount: Meoney [0..1]

+ wendPortion: PerCent [0..1]

+ wendPorticnArrear: PerCent [0..1]
+  fixedAmount: Money [0..1]

+AuxiliaryAgreement | 0.1

+Auxiliaryhccounts | 1.7

Dacumeant

AuxiliaryAccount

+ principleAmount: Money [0..1]

+ balance: Money [0..1]

+  due: Due [0..1]

+  lastCredit: AccountMowvement [0..1]
+  lastDebit: AccountMovement [0..1]

+AuxiliaryfAccounts | 0"

~Charges | 0.7 +ChildCharges
IdentifiedObiece| 0"

Charge

kind: ChargeKind [0..1]
fixedPortion: AccountingUnit [0..1]
+ wariablePortion: PerCent [0..1]

+ParentCharge
0.1

IEC 336/13

Figure 59 — Class diagram PaymentMetering::AuxiliaryAgreement

This diagram shows classes used to model auxiliary agreements.
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Figure 60 shows class diagram TariffProfile.
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Figure 60 — Class diagram PaymentMetering::TariffProfile
This diagram shows classes used to model tariff profiles.

6.10.2 AccountMovement compound

Credit/debit movements for an account.
Table 216 shows all attributes of AccountMovement.

Table 216 — Attributes of PaymentMetering::AccountMovement

name type description

amount Money Amount that was credited to/debited from an account. For example:
payment received/interest charge on arrears.

reason String Reason for credit/debit transaction on an account. Example: payment
received/arrears interest levied.

dateTime DateTime Date and time when the credit/debit transaction was performed.
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6.10.3 AccountingUnit compound
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Unit for accounting; use either 'energyUnit' or 'currencyUnit' to specify the unit for 'value'.

Table 217 shows all attributes of AccountingUnit.

Table 217 — Attributes of PaymentMetering::AccountingUnit

name type description
value Float Value expressed in applicable units.
energyUnit RealEnergy Unit of service.
monetaryUnit Currency Unit of currency.
multiplier UnitMultiplier Multiplier for the 'energyUnit' or 'monetaryUnit'.

6.10.4 BankAccountDetail compound

Details of a bank account.

Table 218 shows all attributes of BankAccountDetail.

Table 218 — Attributes of PaymentMetering::BankAccountDetail

name type description
accountNumber String Operational account reference number.
holderName String Name of account holder.
holderID String National identity number (or equivalent) of account holder.
bankName String Name of bank where account is held.
branchCode String Branch of bank where account is held.

6.10.5 Due compound

Details on amounts due for an account.

Table 219 shows all attributes of Due.

Table 219 — Attributes of PaymentMetering::Due

name type description

current Money Current total amount now due: current = principle + arrears +
interest + charges. Typically the rule for settlement priority is:
interest dues, then arrears dues, then current dues, then charge
dues.

principle Money Part of 'current’ that constitutes the portion of the principle
amount currently due.

arrears Money Part of 'current’ that constitutes the arrears portion.

interest Money Part of 'current’ that constitutes the interest portion.

charges Money Part of 'current’ that constitutes the charge portion: 'charges' =

'Charge.fixedPortion' + 'Charge.variablePortion".
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6.10.6 LineDetail compound

Details on an amount line, with rounding, date and note.

Table 220 shows all attributes of LineDetail.

Table 220 - Attributes of PaymentMetering::LineDetail

name type description
amount Money Amount for this line item.
rounding Money Totalised monetary value of all errors due to process rounding or
truncating that is not reflected in 'amount'.
dateTime DateTime Date and time when this line was created in the application
process.
note String Free format note relevant to this line.

6.10.7 ChargeKind enumeration

Kind of charge.

Table 221 shows all literals of ChargeKind.

Table 221 — Literals of PaymentMetering::ChargeKind

literal

description

consumptionCharge

The charge levied for the actual usage of the service, normally expressed in terms of a
tariff. For example: usage x price per kWh = total charge for consumption.

demandCharge

The charge related to the usage within a defined time interval, normally expressed in
terms of a tariff. For example: a maximum-demand tariff will levy an additional charge
on top of the consumption charge if the usage exceeds a defined limit per hour.

auxiliaryCharge

Any other charge which is not a consumptionCharge or demandCharge. For example:
debt recovery, arrears, standing charge or charge for another service such as street
lighting.

taxCharge

Any charge that is classified as a tax of a kind. For example: VAT, GST, TV tax, etc.

other

Other kind of charge.

6.10.8 ChequeKind enumeration

Kind of cheque.

Table 222 shows all literals of ChequeKind.

Table 222 — Literals of PaymentMetering::ChequeKind

literal

description

postalOrder

Payment order used by institutions other than banks.

bankOrder

Payment order used by a bank.

other

Other kind of cheque.
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6.10.9 SupplierKind enumeration

Kind of supplier.

Table 223 shows all literals of SupplierKind.

Table 223 - Literals of PaymentMetering::SupplierKind

literal description
utility Entity that delivers the service to the customer.
retailer Entity that sells the service, but does not deliver to the customer; applies to the
deregulated markets.
other Other kind of supplier.

6.10.10 TenderKind enumeration

Kind of tender.

Table 224 shows all literals of TenderKind.

Table 224 — Literals of PaymentMetering::TenderKind

literal description
cheque Payment method by means of a cheque.
card Payment method by means of a credit or debit card.
cash Payment method by means of cash.
unspecified Payment method is not known.
other Other payment method such as electronic finds transfer.

6.10.11 TransactionKind enumeration

Kind of transaction.

Table 225 shows all literals of TransactionKind.

Table 225 — Literals of PaymentMetering::TransactionKind

literal

description

serviceChargePayment

Payment for a service.

taxChargePayment

Payment for a tax.

auxiliaryChargePayment

Payment against a specified auxiliary account.

accountPayment

Payment against a specified account.

diversePayment

Payment against an item other than an account.

transactionReversal

Reversal of a previous transaction.

tokenSalePayment

Payment for a credit token sale to a customer.

tokenFreelssue

Issue of a free credit token where the donor is the supplier.

tokenGrant

Issue of a free credit token where the donor is a 3rd party.

tokenExchange

Exchange of a previously issued token for a new token.

tokenCancellation

Cancellation of a previously issued token.

meterConfigurationToken

Issue of token that will alter the meter configuration.

other

Other kind of transaction.
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the account related to the outstanding balance defined in auxiliary agreement.

Table 226 shows all attributes of AuxiliaryAccount.

Table 226 — Attributes of PaymentMetering::AuxiliaryAccount

name type description

principleAmount Money The initial principle amount, with which this account was
instantiated.

balance Money The total amount currently remaining on this account that is
required to be paid in order to settle the account to zero. This
excludes any due amounts not yet paid.

due Due Current amounts now due for payment on this account.

lastCredit AccountMovement Details of the last credit transaction performed on this
account.

lastDebit AccountMovement Details of the last debit transaction performed on this account.

type String inherited from: Document

createdDateTime DateTime inherited from: Document

lastModifiedDateTime | DateTime inherited from: Document

revisionNumber String inherited from: Document

electronicAddress ElectronicAddress inherited from: Document

subject String inherited from: Document

title String inherited from: Document

docStatus Status inherited from: Document

status Status inherited from: Document

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 227 shows all association ends of AuxiliaryAccount with other classes.

Table 227 — Association ends of PaymentMetering::AuxiliaryAccount with other classes

[mult [mult to] name type description
from]
[0..1] [0..*] PaymentTransactions Transaction All payments against this account.

[0..7] [0..*] Charges Charge All charges levied on this account.

[1..%] [0..1] AuxiliaryAgreement AuxiliaryAgreement Auxiliary agreement regulating this

account.
[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Document
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.10.13 AuxiliaryAgreement

An ad-hoc auxiliary account agreement associated with a customer agreement, not part of the
customer's account, but typically subject to formal agreement between customer and supplier
(utility). Typically this is used to collect revenue owed by the customer for other services or
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arrears accrued with the utility for other services. It is typically linked to a prepaid token
purchase transaction, thus forcing the customer to make a payment towards settlement of the
auxiliary account balance whenever the customer needs to purchase a prepaid token for
electricity.

The present status of the auxiliary agreement can be defined in the context of the utility's
business rules, for example: enabled, disabled, pending, over recovered, under recovered,
written off, etc.

Table 228 shows all attributes of AuxiliaryAgreement.

Table 228 — Attributes of PaymentMetering::AuxiliaryAgreement

name type description

subType String Sub-classification of the inherited 'type' for this
AuxiliaryAgreement.

auxCycle String The frequency for automatically recurring auxiliary charges,
where 'AuxiliaryAccount.initialCharge' is recursively added to
'AuxiliaryAccount.dueCurrent' at the start of each 'auxCycle'. For
example: on a specified date and time; hourly; daily; weekly;
monthly; 3-monthly; 6-monthly; 12-monthly; etc.

auxPriorityCode String The coded priority indicating the priority that this auxiliary
agreement has above other auxiliary agreements (associated with
the same customer agreement) when it comes to competing for
settlement from a payment transaction or token purchase.

arrearsinterest PerCent The interest per annum to be charged prorata on
'AuxiliaryAccount.dueArrears' at the end of each 'payCycle’.

payCycle String The contractually expected payment frequency (by the customer).
Examples are: ad-hoc; on specified date; hourly, daily, weekly,
monthly. etc.

minAmount Money The minimum amount that has to be paid at any transaction
towards settling this auxiliary agreement or reducing the balance.

vendPortion PerCent The percentage of the transaction amount that has to be collected
from each vending transaction towards settlement of this auxiliary
agreement when payments are not in arrears. Note that there may
be multiple tokens vended per vending transaction, but this is not
relevant.

vendPortionArrear PerCent The percentage of the transaction amount that has to be collected
from each vending transaction towards settlement of this auxiliary
agreement when payments are in arrears. Note that there may be
multiple tokens vended per vending transaction, but this is not
relevant.

fixedAmount Money The fixed amount that has to be collected from each vending
transaction towards settlement of this auxiliary agreement. Note
that there may be multiple tokens vended per vending transaction,
but this is not relevant.

signDate Date inherited from: Agreement

validityInterval DateTimelnterval inherited from: Agreement

type String inherited from: Document

createdDateTime DateTime inherited from: Document

lastModifiedDateTime | DateTime inherited from: Document

revisionNumber String inherited from: Document

electronicAddress ElectronicAddress inherited from: Document

subject String inherited from: Document

title String inherited from: Document

docStatus Status inherited from: Document

status Status inherited from: Document
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name type description
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 229 shows all association ends of AuxiliaryAgreement with other classes.

Table 229 — Association ends of PaymentMetering::AuxiliaryAgreement

with other classes

[mult [mult to] name type description

from]

[0..1] [1..*] AuxiliaryAccounts AuxiliaryAccount All auxiliary accounts regulated by this
agreement.

[0..%] [0..1] CustomerAgreement CustomerAgreement Customer agreement this (non-service
related) auxiliary agreement refers to.

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Document

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.10.14 Card root class

Documentation of the tender when it is a type of card (credit, debit, etc).

Table 230 shows all attributes of Card.

Table 230 — Attributes of PaymentMetering::Card

name type description
cvNumber String The card verification number.
expiryDate Date The date when this card expires.
pan String The primary account number.
accountHolderName String Name of account holder.

Table 231 shows all association ends of Card with other classes.

Table 231 — Association ends of PaymentMetering::Card with other classes

[mult
from]

[mult to] name

type description

[0..1]

[1..1] Tender

Tender Payment tender this card is being used
for.

6.10.15 Cashier

The operator of the point of sale for the duration of CashierShift. Cashier is under the
exclusive management control of Vendor.

Table 232 shows all attributes of Cashier.
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Table 232 — Attributes of PaymentMetering::Cashier

name type description

electronicAddress ElectronicAddress Electronic address.

aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 233 shows all association ends of Cashier with other classes.

Table 233 — Association ends of PaymentMetering::Cashier with other classes

[mult
from]

[mult to] name

type

description

[0..1] | [0..*] CashierShifts

CashierShift

All shifts operated by this cashier.

[0..1] [0..*] DiagramObjects

DiagramObject

inherited from: IdentifiedObject

[1..1] [0..*] Names

Name

inherited from: IdentifiedObject

6.10.16 CashierShift

The operating shift for a cashier, during which the cashier may transact against the cashier

shift, subject to vendor shift being open.

Table 234 shows all attributes of CashierShift.

Table 234 — Attributes of PaymentMetering::CashierShift

name type description

cashFloat Money The amount of cash that the cashier brings to
start the shift and that will be taken away at the
end of the shift; i.e. the cash float does not get
banked.

activitylnterval DateTimelnterval inherited from: Shift

receiptsGrandTotalBankable Money inherited from: Shift

receiptsGrandTotalNonBankable Money inherited from: Shift

receiptsGrandTotalRounding Money inherited from: Shift

transactionsGrandTotal Money inherited from: Shift

transactionsGrandTotalRounding Money inherited from: Shift

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject
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Table 235 shows all association ends of CashierShift with other classes.

Table 235 — Association ends of PaymentMetering::CashierShift with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] Receipts Receipt All Receipts recorded for this Shift.

[0..7] [0..1] PointOfSale PointOfSale Point of sale that is in operation during
this shift.

[0..1] [0..*] Transactions Transaction All transactions recorded during this
cashier shift.

[0..7] [0..1] Cashier Cashier Cashier operating this shift.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.10.17 Charge

A charge element associated with other entities such as tariff structures, auxiliary agreements
or other charge elements. The total charge amount applicable to this instance of charge is the
sum of fixed and variable portion.

Table 236 shows all attributes of Charge.

Table 236 — Attributes of PaymentMetering::Charge

name type

description

kind

ChargeKind

The kind of charge to be applied.

fixedPortion

AccountingUnit

The fixed portion of this charge element.

variablePortion PerCent The variable portion of this charge element, calculated as a
percentage of the total amount of a parent charge.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 237 shows all association ends

of Charge with other classes.

Table 237 — Association ends of PaymentMetering::Charge with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] ChildCharges Charge All sub-components of this complex
charge.

[0..%] [0..*] AuxiliaryAccounts AuxiliaryAccount All auxiliary accounts to which this charge
has to be levied.

[0..7] [0..7] ConsumptionTariffInterval Tariff intervals to which this consumption-

ConsumptionTariffIntervals based charge has to be levied.

[0..7] [0..*] TimeTariffIntervals TimeTariffInterval Tariff intervals to which this time-based
charge has to be levied.

[0..7] [0..1] ParentCharge Charge Parent of this charge sub-component.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject
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6.10.18 Cheque root class
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The actual tender when it is a type of cheque.

Table 238 shows all attributes of Cheque.

Table 238 — Attributes of PaymentMetering::Cheque

name type description
kind ChequeKind Kind of cheque.
date Date Date when cheque becomes valid.
micrNumber String The magnetic ink character recognition number printed on the
cheque.
chequeNumber String Cheque reference number as printed on the cheque.
bankAccountDetail BankAccountDetail Details of the account holder and bank.

Table 239 shows all association ends of Cheque with other classes.

Table 239 — Association ends of PaymentMetering::Cheque with other classes

[mult [mult to] name type description

from]

[0..1] [1..1] Tender Tender Payment tender the cheque is being
used for.

6.10.19 ConsumptionTariffinterval root class

One of a sequence of intervals defined in terms of consumption quantity of a service such as
electricity, water, gas, etc. It is typically used in association with TariffProfile to define the
steps or blocks in a step tariff structure, where startValue simultaneously defines the entry
value of this step and the closing value of the previous step. Where consumption is 2
startValue it falls within this interval and where consumption is < startValue it falls within the
previous interval.

Table 240 shows all attributes of ConsumptionTariffInterval.

Table 240 — Attributes of PaymentMetering::ConsumptionTariffiInterval

name type description

sequenceNumber Integer A sequential reference that defines the identity of this interval
and its relative position with respect to other intervals in a

sequence of intervals.

startValue RealEnergy The lowest level of consumption that defines the starting point
of this interval. The interval extends to the start of the next
interval or until it is reset to the start of the first interval by

TariffProfile.tariffCycle.

Table 241 shows all association ends of ConsumptionTariffInterval with other classes.
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Table 241 — Association ends of PaymentMetering::ConsumptionTariffinterval
with other classes

[mult [mult to] name type description

from]

[0..7] [0..*] Charges Charge All charges used to define this
consumption tariff interval.

[0..7] [0..*] TouTariffIntervals TimeTariffInterval All time of use tariff intervals influenced
by this consumption tariff interval.

[0..7] [0..*] TariffProfiles TariffProfile All tariff profiles defined by this
consumption tariff interval.

6.10.20 MerchantAccount

The operating account controlled by merchant agreement, against which the vendor may vend
tokens or receipt payments. Transactions via vendor shift debit the account and bank deposits
via bank statement credit the account.

Table 242 shows all attributes of MerchantAccount.

Table 242 - Attributes of PaymentMetering::MerchantAccount

name type description

currentBalance Money The current operating balance of this account.

provisionalBalance Money The balance of this account after taking into account any pending
debits from VendorShift.merchantDebitAmount and pending
credits from BankStatement.merchantCreditAmount or credits
(see also BankStatement attributes and VendorShift attributes).

type String inherited from: Document

createdDateTime DateTime inherited from: Document

lastModifiedDateTime | DateTime inherited from: Document

revisionNumber String inherited from: Document

electronicAddress ElectronicAddress | inherited from: Document

subject String inherited from: Document

title String inherited from: Document

docStatus Status inherited from: Document

status Status inherited from: Document

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 243 shows all association ends of MerchantAccount with other classes.

Table 243 — Association ends of PaymentMetering::MerchantAccount with other classes

[mult [mult to] name type description

from]

[0..7] [0..*] Transactors Transactor All transactors this merchant account is
registered with.

[0..1] [0..*] VendorShifts VendorShift All vendor shifts that operate on this
merchant account.

[0..7] [0..1] MerchantAgreement MerchantAgreement Merchant agreement that instantiated
this merchant account.
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[mult [mult to] name type description
from]

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Document
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.10.21 MerchantAgreement

A formal controlling contractual agreement between supplier and merchant, in terms of which
the merchant is authorised to vend tokens and receipt payments on behalf of the supplier. The
merchant is accountable to the supplier for revenue collected at point of sale.

Table 244 shows all attributes of MerchantAgreement.

Table 244 — Attributes of PaymentMetering::MerchantAgreement

name type
signDate Date inherited from: Agreement
validityInterval DateTimelnterval inherited from: Agreement
type String inherited from: Document
createdDateTime DateTime inherited from: Document
lastModifiedDateTime | DateTime inherited from: Document
revisionNumber String inherited from: Document
electronicAddress ElectronicAddress inherited from: Document
subject String inherited from: Document
title String inherited from: Document
docStatus Status inherited from: Document
status Status inherited from: Document
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 245 shows all association ends of MerchantAgreement with other classes.

Table 245 — Association ends of PaymentMetering::MerchantAgreement
with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] MerchantAccounts MerchantAccount All merchant accounts instantiated as a
result of this merchant agreement.

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Document

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.10.22 PointOfSale

Logical point where transactions take place with operational interaction between cashier and
the payment system; in certain cases the point of sale interacts directly with the end
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customer, in which case the cashier might not be a real person: for example a self-service
kiosk or over the internet.

Table 246 shows all attributes of PointOfSale.

Table 246 — Attributes of PaymentMetering::PointOfSale

name type description
location String Local description for where this point of sale is physically located.
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 247 shows all association ends of PointOfSale with other classes.

Table 247 — Association ends of PaymentMetering::PointOfSale with other classes

[mult
from]

[mult to] name type description

[0..1] [0..*] CashierShifts CashierShift All shifts this point of sale operated in.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.10.23 Receipt

Record of total receipted payment from customer.
Table 248 shows all attributes of Receipt.

Table 248 — Attributes of PaymentMetering::Receipt

name type description
isBankable Boolean True if this receipted payment is manually bankable, otherwise it
is an electronic funds transfer.
line LineDetail Receipted amount with rounding, date and note.
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 249 shows all association ends of Receipt with other classes.

Table 249 — Association ends of PaymentMetering::Receipt with other classes

[mult
from]

[mult to] name

type description

[0..1]

[1..*] Transactions

All transactions recorded for this
receipted payment.

Transaction

[0..] | [0..1] CashierShift

CashierShift Cashier shift during which this receipt

was recorded.

[0..*] | [0..1] VendorShift

VendorShift Vendor shift during which this receipt

was recorded.
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[mult [mult to] name type description

from]

[1..1] [1..*] Tenders Tender All payments received in the form of
tenders recorded by this receipt.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.10.24 ServiceSupplier

Organisation that provides services to customers.
Table 250 shows all attributes of ServiceSupplier.

Table 250 — Attributes of PaymentMetering::ServiceSupplier

name type description

kind SupplierKind Kind of supplier.

issuerldentificationNumber | String Unique transaction reference prefix number issued to an
entity by the International Organization for
Standardization for the purpose of tagging onto
electronic financial transactions, as defined in ISO/IEC
7812-1 and ISO/IEC 7812-2.

aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 251 shows all association ends of ServiceSupplier with other classes.

Table 251 — Association ends of PaymentMetering::ServiceSupplier with other classes

[mult [mult to] name type description

from]

[1..1] [0..*] CustomerAgreements CustomerAgreement All customer agreements of this service
supplier.

[0..1] [0..*] UsagePoints UsagePoint All usage points this service supplier
utilises to deliver a service.

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: OrganisationRole

[0..7] [0..1] Organisation Organisation inherited from: OrganisationRole

[0..1] [0..*] DiagramObijects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.10.25 Shift

Generally referring to a period of operation or work performed. Whether the shift is
open/closed can be derived from attributes 'activitylnterval.start' and 'activitylnterval.end'.

The grand total for receipts (i.e., cumulative total of all actual receipted amounts during this
shift; bankable + non-bankable; excludes rounding error totals) can be derived from receipt:

=sum(Receipt.receiptAmount); includes bankable and non-bankable receipts.

It also has to be reconciled against:
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=sum(receiptsGrandTotalBankable + receiptsGrandTotalNonBankable).
It also has to be reconciled against ReceiptSummary:
=sum(ReceiptSummary.receiptsTotal).

The attributes with "GrandTotal" defined in this class may need to be used when the source
data is periodically flushed from the system and then these cannot be derived.

Table 252 shows all attributes of Shift.

Table 252 — Attributes of PaymentMetering::Shift

name type description
activitylnterval DateTimelnterval | Interval for activity of this shift.
receiptsGrandTotalBankable Money Total of amounts receipted during this shift that can be

manually banked (cash and cheques for example). Values
are obtained from Receipt attributes:

=sum(Receipt.receiptAmount) for all Receipt.bankable =
true.

receiptsGrandTotalNonBankable | Money Total of amounts receipted during this shift that cannot be
manually banked (card payments for example). Values are
obtained from Receipt attributes:

=sum(Receipt.receiptAmount) for all Receipt.bankable =
false.

receiptsGrandTotalRounding Money Cumulative amount in error due to process rounding not
reflected in receiptsGrandTotal. Values are obtained from
Receipt attributes:

=sum(Receipt.receiptRounding).

transactionsGrandTotal Money Cumulative total of transacted amounts during this shift.
Values are obtained from Transaction attributes:

=sum(Transaction.transactionAmount). It also has to be
reconciled against TransactionSummary:

=sum(TransactionSummary.transactionsTotal).

transactionsGrandTotalRounding | Money Cumulative amount in error due to process rounding not
reflected in transactionsGandTotal. Values are obtained
from Transaction attributes:

=sum(Transaction.transactionRounding).

aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 253 shows all association ends of Shift with other classes.

Table 253 — Association ends of PaymentMetering::Shift with other classes

[mult [mult to] name type description
from]

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject
[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.10.26 TariffProfile

A schedule of charges; structure associated with Tariff that allows the definition of complex
tarif structures such as step and time of use when used in conjunction with TimeTariffInterval
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and Charge. Inherited 'status.value' is defined in the context of the utility's business rules, for
example: active, inactive, etc.

Table 254 shows all attributes of TariffProfile.

Table 254 — Attributes of PaymentMetering::TariffProfile

name type description

tariffCycle String The frequency at which the tariff charge schedule is repeated.
Examples are: once off on a specified date and time; hourly; daily;
weekly; monthly; 3-monthly; 6-monthly; 12-monthly; etc. At the end of
each cycle, the business rules are reset to start from the beginning
again.

type String inherited from: Document

createdDateTime DateTime inherited from: Document

lastModifiedDateTime | DateTime inherited from: Document

revisionNumber String inherited from: Document

electronicAddress ElectronicAddress | inherited from: Document

subject String inherited from: Document

title String inherited from: Document

docStatus Status inherited from: Document

status Status inherited from: Document

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 255 shows all association ends of TariffProfile with other classes.

Table 255 — Association ends of PaymentMetering::TariffProfile with other classes

[mult [mult to] name type description

from]

[0..7] [0..7] ConsumptionTariffinterval | All consumption tariff intervals used to
ConsumptionTariffintervals define this tariff profile.

[0..7] [0..*] TimeTariffIntervals TimeTariffInterval All time tariff intervals used to define this

tariff profile.

[0..7] [0..*] Tariffs Tariff All tariffs defined by this tariff profile.

[0..1] [0..*] ConfigurationEvents ConfigurationEvent inherited from: Document

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.10.27 Tender

Tender is what is "offered" by the customer towards making a payment and is often more than
the required payment (hence the need for 'change'). The payment is thus that part of the
Tender that goes towards settlement of a particular transaction.

Tender is modelled as an aggregation of Cheque and Card. Both these tender types can exist
in a single tender bid thus 'accountHolderName' has to exist separately in each of Cheque
and Card as each could have a different account holder name.

Table 256 shows all attributes of Tender.
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Table 256 — Attributes of PaymentMetering::Tender

name type description

kind TenderKind Kind of tender from customer.

amount Money Amount tendered by customer.

change Money Difference between amount tendered by customer and the amount

charged by point of sale.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject

Table 257 shows all association ends

of Tender with other classes.

Table 257 — Association ends of PaymentMetering::Tender with other classes

[mult [mult to] name type description

from]

[1..7] [1..1] Receipt Receipt Receipt that recorded this receiving of a
payment in the form of tenders.

[1..1] [0..1] Card Card Card used to tender payment.

[1..1] [0..1] Cheque Cheque Cheque used to tender payment.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.10.28 TimeTariffInterval root class

One of a sequence of time intervals defined in terms of real time. It is typically used in
association with TariffProfile to define the intervals in a time of use tariff structure, where
startDateTime simultaneously determines the starting point of this interval and the ending
point of the previous interval.

Table 258 shows all attributes of TimeTariffInterval.

Table 258 — Attributes of PaymentMetering::TimeTariffInterval

name type description
sequenceNumber Integer A sequential reference that defines the identity of this interval and
its relative position with respect to other intervals in a sequence
of intervals.
startTime Time A real time marker that defines the starting time (typically it is the

time of day) for this interval. The interval extends to the start of
the next interval or until it is reset to the start of the first interval
by TariffProfile.tariffCycle.
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Table 259 shows all association ends of TimeTarifflnterval with other classes.

Table 259 — Association ends of PaymentMetering::TimeTariffInterval with other classes

[mult [mult to] name type description
from]
[0..7] [0..*] Charges Charge All charges used to define this time tariff
interval.
[0..7] [0..7] ConsumptionTariffinterval | All consumption tariff intervals that
ConsumptionTariffIntervals introduce variation in this time of use

tariff interval; allows to express e.g.,
peak hour prices that are different with
different consumption blocks.

[0..7] [0..*] TariffProfiles TariffProfile All tariff profiles defined by this time
tariff interval.

6.10.29 Transaction

The record of details of payment for service or token sale.
Table 260 shows all attributes of Transaction.

Table 260 — Attributes of PaymentMetering::Transaction

name type description

kind TransactionKind Kind of transaction.

receiverReference String Reference to the entity that is the recipient of 'amount’ (for
example, supplier for service charge payment; or tax receiver for
VAT).

donorReference String Reference to the entity that is the source of 'amount’ (for
example: customer for token purchase; or supplier for free issue
token).

diverseReference String Formal reference for use with diverse payment (traffic fine for
example).

reversedld String (if 'kind" is transactionReversal) Reference to the original
transaction that is being reversed by this transaction.

serviceUnitsEnergy RealEnergy Actual amount of service units that is being paid for.

serviceUnitsError RealEnergy Number of service units not reflected in 'serviceUnitsEnergy' due
to process rounding or truncating errors.

line LineDetail Transaction amount, rounding, date and note for this transaction
line.

aliasName String inherited from: IdentifiedObject

mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject
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Table 261 shows all association ends of Transaction with other classes.

Table 261 — Association ends of PaymentMetering::Transaction with other classes

[mult [mult to] name type description

from]

[0..7] [0..1] Meter Meter Meter for this vending transaction.
[0..1] [0..*] UserAttributes UserAttribute All snapshots of meter parameters

recorded at the time of this transaction.
Use 'name' and 'value.value' attributes
to specify name and value of a
parameter from meter.

[0..7] [0..1] CustomerAccount CustomerAccount Customer account for this payment
transaction.

[0..7] [0..1] PricingStructure PricingStructure Pricing structure applicable for this
transaction.

[0..7] [0..1] AuxiliaryAccount AuxiliaryAccount Auxiliary account for this payment
transaction.

[0..7] [0..1] CashierShift CashierShift Cashier shift during which this
transaction was recorded.

[1..%] [0..1] Receipt Receipt The receipted payment for which this
transaction has been recorded.

[0..7] [0..1] VendorShift VendorShift Vendor shift during which this
transaction was recorded.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.10.30 Transactor

The entity that ultimately executes the transaction and which is in control of the process;
typically this is embodied in secure software running on a server that may employ secure
hardware encryption devices for secure transaction processing.

Table 262 shows all attributes of Transactor.

Table 262 - Attributes of PaymentMetering::Transactor

name type description
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 263 shows all association ends of Transactor with other classes.

Table 263 — Association ends of PaymentMetering::Transactor with other classes

[mult [mult to] name type description

from]

[0..7] [0..*] MerchantAccounts MerchantAccount All merchant accounts registered with
this transactor.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject
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6.10.31 Vendor
The entity that owns the point of sale and contracts with the cashier to receipt payments and
vend tokens using the payment system. The vendor has a private contract with and is

managed by the merchant which is a type of organisation. The vendor is accountable to the
merchant for revenue collected, and the merchant is in turn accountable to the supplier.

Table 264 shows all attributes of Vendor.

Table 264 — Attributes of PaymentMetering::Vendor

name type description
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject
name String inherited from: IdentifiedObject

Table 265 shows all association ends of Vendor with other classes.

Table 265 — Association ends of PaymentMetering::Vendor with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] VendorShifts VendorShift All vendor shifts opened and owned by
this vendor.

[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject

6.10.32 VendorShift
The operating shift for a vendor during which the vendor may transact against the merchant's
account. It aggregates transactions and receipts during the shift and periodically debits a

merchant account. The totals in VendorShift should always = sum of totals aggregated in all
cashier shifts that were open under the particular vendor shift.

Table 266 shows all attributes of VendorShift.

Table 266 — Attributes of PaymentMetering::VendorShift

name type description

merchantDebitAmount Money The amount that is to be debited from the merchant
account for this vendor shift. This amount reflects the
sum(PaymentTransaction.transactionAmount).

posted Boolean If true, merchantDebitAmount has been debited from
MerchantAccount; typically happens at the end of
VendorShift when it closes.

activitylnterval DateTimelnterval | inherited from: Shift
receiptsGrandTotalBankable Money inherited from: Shift
receiptsGrandTotalNonBankable | Money inherited from: Shift
receiptsGrandTotalRounding Money inherited from: Shift
transactionsGrandTotal Money inherited from: Shift
transactionsGrandTotalRounding | Money inherited from: Shift
aliasName String inherited from: IdentifiedObject
mRID String inherited from: IdentifiedObject

name String inherited from: IdentifiedObject
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Table 267 shows all association ends of VendorShift with other classes.

Table 267 — Association ends of PaymentMetering::VendorShift with other classes

[mult [mult to] name type description

from]

[0..1] [0..*] Receipts Receipt All receipts recorded during this vendor
shift.

[0..1] [0..*] Transactions Transaction All transactions recorded during this

vendor shift.

[0..7] [0..1] MerchantAccount MerchantAccount Merchant account this vendor shift
periodically debits (based on aggregated
transactions).

[0..7] [0..1] Vendor Vendor Vendor that opens and owns this vendor
shift.
[0..1] [0..*] DiagramObjects DiagramObject inherited from: IdentifiedObject

[1..1] [0..*] Names Name inherited from: IdentifiedObject
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