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CIM Extensions to Electrical Distribution and CIM
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Abstract—The electric power utility is an extremely large enter- them. The CIM can be understood as a common language
prise and has many computer systems and applications to complete for power system applications to talk to each other. For more

both business and engineering functions. An efficient information details about the EPRI's CCAPI, CIM, and extensible markup
exchanging and sharing infrastructure is key to the success of an language (XML), please see [1]_’[3] ’

electric utility. To facilitate the integration, a common data model > o
is needed as a common language by which systems and applica- The regular operation and control of distribution power
tions can talk with each other. This research focuses on creating a systems has become more and more important for utilities

common data model for the electrical distribution. It extends the ynder the deregu|ated and Competitive environment. Compared
CIM to electrical distribution for the data requirements by the dis- to transmission systems, distribution systems have a much

tribution power flow and proposes modified models for distribu- | t of data. The distributi ¢ h
tion lines, distribution loads, and some specific distribution devices. arger amount or data. € distribution system has more

It converts the IEEE radial test feeders to distribution CIM-based ~ applications and systems to support its routine operations and
XML documents and provides an initial reference model for the controls. For example, a utility needs a customer information
electric distribution data in CIM XML format. These CIM XML system (CIS) to provide customer information, a geographic
documents have been tested and reV|e\_Ned by mdu_stnal contacts.; tormation system (GIS) to provide geographic information
More tests are encouraged to check the interoperability of the pro- for the distribution network, and needs an outage management
posed model and created CIM XML documents of the IEEE radial . ' '
test feeders. system (OMS) to identify faults and restore the system, to name
Index Terms—Common information model (CIM), distribution a few distribution-related systems. In the distribution b.usmess
management system (DMS), extensible markup language (XML), &€N&, _t_here are over 1_00 s_oft_vvar_e ve_ndors who provide tools
object-oriented data modeling. for utilities. The electric distribution is an extremely large
enterprise and people are looking for more efficient integration
solutions for exchanging and sharing information. The previous
efforts have been mainly focused on the transmission level.
HE electric power utility is an extremely large enterpriséAs mentioned before, the CCAPI is an application integration
Because of its size and complexity, there are marsamework specifically designed for the EMS environment and
computer systems designed to complete both business &ml CIM also represents major objects in an electric utility
engineering functions. Often, these systems need to exchaagterprise typically contained in an EMS environment. In order
information with each other. Since there is a proprietaip support the integration for distribution management systems
data model and storage of each individual system, it is ofté@MS), the CIM needs to be extended to distribution networks.
impossible to integrate the systems together easily. The Elecfri¢entually, the CIM should be evolved to a single piece of
Power Research Institute (EPRI) proposed an integratidata model supporting both transmission and distribution ap-
framework called control center application program interfagdications and systems. The CIM is being standardized through
(CCAPI), which can be applied both in the control center envinternational Electrotechnical Commission (IEC) Technical
ronment and other areas of the energy enterprise to facilitate (b@mmittee 57 Working Group 13 (IEC TC57 WG13), and
integration of computer systems and applications. The commaistribution extensions through IEC TC57 WG14. Websites on
information model (CIM) is one of the other important partghese efforts are available [4], [5].
of this standard. The CIM represents almost all of the major This research realized the urgent need for a common distri-
objects in an electric utility enterprise typically contained ifpution model and extended the CIM to distribution networks for
an energy management system (EMS) environment. It includbg data requirements for distribution power flow applications.
classes, attributes of these classes, and relationships betwBea IEEE radial test feeders [6], [7] were used in this work
as an initial reference model to provide CIM XML examples
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CIM has been thoroughly discussed and developed. Although +ConductingEquipment *Te"(‘)“"a's
there is some level of similarity, the transmission and distribu- C°“d‘;ff;'r’;9§gf;;’me”‘ o o} Terminal
tion systems are different in many ways [6].

« Distribution has a very large data model, with size on the +ConnectivityNode
order of 500 000 to 10 000 000 objects. - 0.1

» DMS systems have more external data sources and more
application interactions. Typical applications and systems
include OMS, CIS, GIS, network management, and neftig. 1. Topology model defined in the CIM [2].
work analysis.

« Balanced three-phase modeling is assumed in trans--

mission. Unbalanced three-phase, two-phase, and @ Line650-632 @@
phases:BACN

0..n
+Terminals

single-phase must be modeled in distribution analysis.

« Distribution needs details about the feeder model, which
is usually modeled simply as a substation load in classical T1: Terminal 1 of Line650-632
transmission models.

Utilities may have different DMS, but they are facing the
same challenges under the deregulated and competitive efiig-2. Connectivity for line 650-632 with terminals and nodes.
ronment. Distribution operators need the real-time operation in-

formation to monitor the system and to support their decisiongyminal class provides 0, 1, or multiple connections for con-
dispatchers need crew information and facility information tucting equipment. Theonnectivity nodelass defines points
arrange maintenance and emergency activities; and system plgRere terminals of conducting equipment are connected. Ba-
ners need historical information for their designs. An individu@}ica”y, conducting equipment has a number of terminals that
system may contain information that can be useful across g§nnect to some connectivity nodes. Connectivity nodes are the
of the system, and also may need the support of other systefisints where one terminal connects to other terminals. Fig. 1 il-
Compared to EMS, DMS have more data to handle, have mQu8trates the topology model in the CIM [2].
system interactions, have more maintenance and updates, angsing this model to represent a multiphase network, the first
have to deal with more changes in routine operations and CQffep is to specify phases for conducting equipment. Then, de-
trols. These above issues create an additional challenge for dafgine how terminals connect to connectivity nodes. For ex-
exchanging, sharing, and system interactions between distrigghple, the line 650-632 is a three-phase main feeder connected
tion applications and systems. Due to the size of the systenMhdween node 651 and 632 (see the IEEE 13-node feeder in ref-
more comprehensive common data model for the electric disences [6], [7]). Arac line segmenbbject is created for this
tribution is needed to facilitate the integration. The CIM wagne and the phases attribute is set to BACN. Two terminals are
originally designed for EMS and, as a consequence, there gfgated, which connect to node 651 and 632, respectively. Fig. 2
drawbacks when using it in electrical distribution. shows the topology representation for Line 650-632 with termi-
nals and connectivity nodes.

T2: Terminal 2 of Line650-632

I1l. DISTRIBUTION CIM M ODELING |SSUES ANDTECHNIQUES . )
B. Multiphase Attribute

Distribution CIM modeling is a huge topic which could The electrical distribution system is an unbalanced system by

include dl_strlbunon system data, out_age data, customer d"ﬂgture. A single distribution device may have different attributes
geographic data, and asset data. This research work only d%?
cusses the modeling issues related to distribution system A@racteristics for each phase, and an unbalanced load also has

(topology, lines, loads, devices, and feeders) for distriburi?ﬂﬂerent features for each phase. The distribution CIM model

power flow a_ppllca'uons: Three major issues, muIt|pha§e CO%ould be able to represent multiphase attributes for the distri-
nection, multiphase attributes, and the whole-part relationsh

. . . ; ) Bltion network and devices.
are discussed in this section. Techniques used to solve thes1en this research, a data modeling method was proposed
problems are introduced respectively. to solve the multiphase attribute problem. It is summarized

“each phase. For example, an unbalanced line has different

. . as follows.
A. Multiphase Connection « Identify the device that has a multiphase attribute problem
Electrical distribution is a multiphase network. The distribu-  and treat it as a composite component. For example, distri-

tion CIM model should be able to represent a multiphase con-  bution lines, voltage regulators, and distribution loads are
nection for the network. Multiphase connections may include  multiphase attribute components, and they were treated as
multiphase distribution lines, multiphase distribution devices, = composite components when they were modeled.

and multiphase distribution loads. The CIM defines a topology ¢ Analyze the composition of the composite component,
model with the classes abnducting equipmenterminal con- and decompose it to smaller entities. If any of these
nectivity node and topological node The conducting equip- smaller entities is still a composite component, carry out
mentclass defines an attribute, phases, to represent the phase this step again until all components are fully decomposed.
type of a conducting equipment like A, B, C, or ABC. The For example, a voltage regulator is decomposed into
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Fig. 4. Previously proposed model for the whole-part relationship [10].

a combination of three components, the transformg
winding, the tap changer, and the line drop compensat
» Analyze each entity and the relationship between the

Model each entity and the whole composite compon
with appropriate attributes and relationships.

m
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may also haveonducting equipmertbjects as children. After
the model was proposed in [10], there were many discussions
in the EPRI's CCAPI task force about the whole-part relation-
ship modeling and a new model was proposed recently in [2].
The concept of the new proposed model in [2] is very close to
the model in [10]. This research work proposed a feeder model
based on the latest whole-part model defined in the CIM [2].
More discussions of the feeder model are in Section IV.

IV. PROPOSEDDISTRIBUTION CIM M ODEL

Four models—the line model, the distribution load model, the
voltage regulator model, and the distribution feeder model, are
proposed in this section. These models are the CIM extensions
for the electric distribution system. Necessary modifications are
made to the original CIM to meet data requirements for distri-
bution power flow applications.

A. Line Model

The line model in the original CIM defined classes of
conductor, conductor type, wire arrangemeahd wire type
for any line configurations like three-phase, two-phase, and
single-phase [2]. But the attributes defined in the cless-
ductorindicate that this model is only for balanced three-phase
systems. It uses positive and zero sequence components to
Fscribe line impedance. In distribution systems, people
crannot use these attributes for asymmetrical three-phase lines,

vo-phase lines, and single-phase lines. Another problem is that
tl}'e original line model does not provide enough information

ePor cables. A modified line model for both transmission and

distribution lines is proposed. Two major issues are addressed

This approach was applied to model distribution lines, dig-., ..

tribution loads, and voltage regulators and it solved the mul-
tiphase attribute problem in an efficient manner. More details

about these models are given in Section IV.

C. Whole-Part Relationship

« Geometric attributes and the electric attributes The
geometric attributes are basic physical attributes of a
power line. They reflect the real world characteristics of
a line configuration. The electric attributes are concep-
tual attributes and can be obtained from the geometric

Electrical distribution typically starts at the substation and
continues to the customer meter. It consists of circuits known
as the primary feeders or primary distribution feeders. A distri-
bution feeder is a concept of a group of power system elements.
A given feeder is made up of a main feeder, branches or laterals,
and sublaterals. It is usually sectionalized by reclosing devices
and protected by fuses. It is also supported by other devices,
like shunt capacitors and voltage regulators. The relationship
between distribution substation, feeders, and feeder devices is,
a whole-part relationship. The distribution CIM model needs to
be able to represent this whole-part relationship between distri-
bution components.

The composite pattern (Fig. 3) is a good way to model the
whole-part relationship [9]. This model defines both single ob-

attributes and other information. Transmission and distri-
bution applications may have different requirements for
power lines. For example, most transmission applications
may only need electric attributes for a line, but distribu-
tion applications may need more geometric information
of a line. If these two sets of attributes are coupled, it can
cause problems. A good way to handle this is to model
geometric and electric attributes separately.

Cable information. The model needs more information
for the cables. In distribution systems, many lines are
made from cables. In the IEEE radial test feeders, the
author uses two types of cables, concentric neutral and
tape shielded cable, as distribution lines. There are still
other types of cables used in distribution systems.

jects and composite objects. Single objects can be composetthe modified line model represents the impedance in a sep-
into more complex objects, which can be, in turn, composed rgrate class hierarchy to provide the flexibility for a conductor
cursively. In [10], a model (Fig. 4) was proposed to represeff have an appropriate impedance representation. Spacing and
the whole-part relationship. In this model, tR&R composite cables are also modeled to provide geometric and conductor
class is created to represent power system resources that geformation for power lines. Some classes and attributes
tain other resources. RSR compositebject may have severaldefined in the CIM line model are appropriate for distribution
conducting equipmembjects opower system resourabjects modeling purpose. They are reused in the modified line model
as its children as well as oth®SR compositebjects, which that is shown in Fig. 5. Several attributes in spacing, overhead
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Fig. 5. Proposed modified line model.

conductor, and balanced three phase are reused attributes. O

items, such as phase conductor count and phase conduc Phase B Phase A Phase C
spacing, are more appropriate for transmission but remain ﬁ ?
part of the overall CIM model. ?

The basic idea of using this model to represent a power line
to give each phase a wire arrangement with both geometric a
conductor information. Using the line 650-632 example again, for phase B
is a three-phase four-wire overhead distribution line [6], [7]. Thi
conductor used for each phase in line 650-632 is ACSR 556 5!

wire arrangement

Neutral

26/7, and the conductor used for neutral is ACSR 4/0 6/1. I} Spacmg o‘me; cgndum \

order to represent the line with the CIM model, the followin - AcsRﬁﬁﬁsoozﬁ/}' wire arrangement
: L or phase

steps are taken:

create arac line segmertbject for a distribution line seg-
ment—for the example aac line segmentbject for line
650-632 is set;

Create awire arrangementype object for each phase in-
cluding neutral-fouwire arrangemenbbjects for phase
A, B, C, and neutral phase are represented;

create spacing type objects for the spacing used in a wir
arrangement—this creates four spacing-type objects for

each phase’s wire arrangement. Notice that, these spacindfter these above steps, the line 650-632 is represented with
objects may be used by other wire arrangements. anac line segmertbject that has fouwire arrangemenbbjects
create appropriateire typeobjects for the conductor usedfor each phase and neutral. In turn, each wire arrangement has a
in a wire arrangement—this includes tweerhead con- spacingtype object and an appropriatére-typeobject to show
ductortype objects for conductor ACSR 556 500 26/7 anthe geometric and conductor information. Fig. 6 illustrates the
ACSR 4/0 6/1. representation for the line 650-632.

8 6. Representation for line 650-322.
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Fig. 7. Proposed voltage regulator model. C
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\oltage regulat_ors are _cpmr_nonly usedto maintain a const@gbt_ 8. \oltage regulator representation.
voltage at the point of utilization. Only step type will be con-
sidered here. A step-type voltage regulator is fundamentally an
auto-transformer with many taps in the series winding. The au-
tomatic voltage changing is achieved by line-drop compensator
(LDC) located on the control panel of the voltage regulator.
When modeling voltage regulators, the following problems need
to be considered.

» The model should be able to represent three-phase, two-
phase, and single-phase voltage regulators.

» The model should be able to represent wye, delta, and open,
delta connections.

» The model should be able to represent tap changer,
line-drop compensator, and other characteristics of ,
voltage regulators.

Fig. 7 illustrates the proposed voltage regulator model. The
voltage regulatordefines a template for voltage regulators. It
provides common attributes like voltage level, pt ratios, and ct
ratios to describe basic characteristics for a voltage regulator. It
has a relationship with the clasansformer windingo describe
how a voltage regulator is internally structured. Time drop . Distribution Load Model
compensatomodels line drop compensators in a voltage regu- . . .
lator. Attributes, resistance, and reactance describe the equiva'fo.r the purpose of this research, only a stat_lc load mode_l IS
lent impedance between the regulator and the load center. Qsmered. It uses th? load model that desc_nbes the relation-
relationship with the clastap changerprovides information ship between distribution load and voltages in terms of alge-

about which tap changer the line drop compensator controlsbralc equations shown in (1). Coefficientsh, andc represent

An example is provided to show how to use the proposé portion of constant impedance, constant current, and con-

voltage regulator model to represent the voltage regulators| nt power load, respectively

the IEEE 13-node test feeder. It is a three-phase wye connected V2 v
voltage regulator. Each phase has an individual line drop com- P=r <ap (W) +bp (W) + Cp)

Createtransformer windingobjects—this step includes
six transformer windings for this voltage regulator. A
single-phase voltage regulator has two transformer wind-
ings, a series winding, and a shunt winding; and they
are physically connected. This is a three-phase voltage
regulator with three independent phases. The phase for
each winding is determined by the attribudenducting
equipmenphases.

Create derminalobject for each winding—a terminal for
each transformer winding is set up. Each terminal con-
nects to the right node.

Create dap changepbject for each series winding—each
series winding has a tap changer. The example needs three
tap changers for the three series winding.

« Create aline drop compensatomobject for each tap
changer—three line drop compensators for the three tap
changers are set.

pensator to control its tap changer. For more details about the N2 i . 1)

voltage regulator, please see references [6], [7]. Fig. 8 illustrates Q= Qo (aq (3—0) + bq (x‘/—o) + Cq)

the voltage regulator representation of phase B. Other config-

urations, such as the open delta regulator, are modeled in th&he basic requirements for the distribution load are

IEEE-37 node test feeder.  The model should be able to represent connectivity (at
The following steps show the procedure to use the proposed which point this load connects to the network).

voltage regulator model to represent voltage regulators: « The model should be able to represent multiphase connec-
» Create avoltage regulatorobject—for the example, a tion and connection type (three-phase, wye, or delta con-

voltage regulatoitype object for this voltage regulator is nected load, single-phase, line to line, line to ground con-

created and assigned values for its attributes. nected load, or distributed load).
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Fig. 9. Proposed distribution load model. Fig. 10. Proposed feeder model.
« The model should be able to represent load type (constant V. CIM XML E xPORT TOOL

power, impedance, or current). . o e
. The model should be able to represent multiphase %t_An important aspect of the standardization of the distribu

: on extensions is the standardization of the import and export
tributes (three-phase balanced or unbalanced load). L L .
of distribution models. One reason why this is important is that

Fig. 9 illustrates the proposed distribution load model. Th@e CIM is a logical data model, which may have physical im-
clasdistribution loadis a generic distribution energy consumelplementations, which vary greatly from vendor to vendor. The
It could be either a composite load of a group of customers ghproach taken here was to leverage the prior work done by
a single energy user. The clgsisase loadnodels load with the pyof. Kersting in developing IEEE feeder models and the work
unified characteristics. It can be one phase of a multiphase 1Q@she by the CIM XML group for standardizing exchanges of
and also can be a three-phase load with unified characteristiggnsmission models using XML.

Its native attributes describe the percentage of constant powefrne ciM XML export tool was designed for creating CIM
constant current, and constant impedance of a distribution 108441 documents for the IEEE radial test feeders. It takes
The aggregate relationship betwestribution loadandphase (a5t feeders as input and generates CIM XML documents.
load allows a distribution load to have any type configuratiof,q design of the CIM XML export tool focused on the
like single phase, two-phase, or three-phase. Some classesa?d?ﬁ{y to allow for adjustments after frequent CIM updates.
attributes defined in the CIM load model are also applicable IPexamined the basic characteristics of CIM models and CIM
distribution load modeling requirement. They are reused in t L documents. It provided a set of general interfaces, which
proposed distribution load model. Some attributes of phase Io&gn minimize the efforts of changing the existing design and
are reused. implementation when the CIM model gets changed. The CIM
XML tool is general for all test feeders. It was implemented
D. Distribution Feeder Model in Microsoft Visual C++ 6.0 and used the IBM XML4C XML
parser [11]. This research generated CIM XML documents for

As mentioned before, to model the distribution feeder is tll test cases including 13-node, 34-node, 37-node, 123-node,
model the whole-part relationship between a composite objegid 4-node feeders. The 4-node test feeder provides many cases
and single objects. In the latest CIM model [2], the whole-pafér testing transformer connections and different types of loads
relationship is modeled by the equipment container pattern. Tigg, [7]. In this research, CIM XML documents were created
feeder model (Fig. 10) was proposed based on this patternolt two cases in the 4-node test feeder. Case 1 is three-phase
is modeled as a subclass of tequipment containefThis al- - step-down transformer with wye-delta connection. Test case 2
lows thefeederto inherit the aggregate relationship betweep two single-phase step-down transformers with open wye and

the equipment containeand theequipmentso thefeederhas  open delta connections. Unbalanced load was used in these two
the ability to contain any typequipmentas its member. The ¢gges.

major difference between the equipment container pattern and
the composite pattern is that the former one does not provide a
composite object the ability to contain other composite objects.
So the relationship between tfeederand thesubstations ex- In order to verify that the proposed distribution CIM model

plicitly defined in Fig. 10. is able to represent distribution system data and the created

VI. TESTRESULTS
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TABLE |
TESTRESULTS OFALL TEST FEEDERS
13 node 34 node 37 node 123 node 4 node

Case 1 Case 2
Topology Correct Correct Correct Correct Correct Correct
Lines Correct Correct Correct Correct Correct Correct

Switches Correct N/A N/A Correct N/A N/A
Loads Correct Correct Correct Correct Correct Correct

Capacitors Correct Correct N/A Correct N/A N/A

Voltage Regulators Correct Correct Correct Correct N/A N/A
Transformers Correct Correct Correct Correct Correct Correct

CIM XML documents are logically right, this research implewithin the entire DMS system, a more comprehensive common
mented a CIM XML import tool for validation check. The basianodel is needed to describe every aspect in DMS systems.

idea of checking validation of these CIM XML documents is to
convert them back into databases (called feeder databases) and
compare feeder databases with original Microsoft Excel data
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steps are procedures of checking validation of these CIM XMk reviewing the proposed model and CIM XML documents.

documents.

* read the CIM XML document and process feeder data;

» import the feeder data to a database;

« compare the database to the original database, which confl
tains the feeder information.

All CIM XML documents were checked through the above (2l
steps. Topology for each component, line configurations, con-
ductors, voltage regulators, tap changers, and line drop compen-
sators, transformer and transformer windings, capacitor banks?!
and switches were checked item by item. Table | summarizes the
test results of all test feeders. Details of the tests are availablé]
in [12]. The proposed draft for these distribution CIM models Eg}
and the XML representation of the IEEE PES test feeders are

available online at site [13]. -

(8]

VII. CONCLUSIONS AND FUTURE WORK (9]

In order to facilitate enterprise application integration in 1101

a utility IT environment, a common data model is needed
to describe power system data in distribution networks[11]
This research extended the CIM to the electrical distributio
system appropriate for distribution power flow applications.
It also provided a set of CIM XML documents based on thel13]
IEEE radial test feeders. This research also proposed general
data modeling techniques for multiphase attributes and the
whole-part relationship modeling.

Currently, the proposed model is under review by several
companies. The first job that needs to be done in the future is to
let more people review the model and get feedback from them.
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