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INTERNATIONAL ELECTROTECHNICAL COMMISSION

COMMUNICATION NETWORKS AND SYSTEMS
FOR POWER UTILITY AUTOMATION -

Part 90-11: Methodologies for modelling of logics
for IEC 61850 based applications

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

Technical report IEC 61850-90-11 has been prepared by Technical Committee 57: Power
systems management and associated information exchange.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. This IEC
standard includes Code Components i.e. components that are intended to be directly processed
by a computer.

Such content is any text found between the markers <CODE BEGINS> and <CODE ENDS>, or
otherwise is clearly labelled in this standard as a Code Component.
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The purchase of this IEC standard carries a copyright license for the purchaser to sell software
containing Code Components from this standard to end users either directly or via distributors,
subject to IEC software licensing conditions, which can be found at: http://www.iec.ch/CCv1.

Table 1 shows all tracking information of (Tr)IEC 61850-90-11:2019A namespace building-up.

Table 1 — Tracking information of (Tr)IEC 61850-90-11:2019A namespace building-up

Attribute ‘ Content

Namespace IEC specific information

Version of the UML model used for generating the WG10built7
document (informative)

Date of the UML model used for generating the document |2020-05-19
(informative)

Autogeneration software name and version (informative) |j61850DocBuilder 01v03 based on jCleanCim 02v02-
NS beta6

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
57/2129A/DTR 57/2211/RVDTR

Full information on the voting for the approval of this technical report can be found in the report
on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.

Documents

Document Sharing Hub

Full document details: PD IEC TR 61850-90-11:2020


http://www.iec.ch/CCv1
http://www.avadocuments.com/doc/pd-iec-tr-61850-90-11-2020
http://www.avadocuments.com/doc/pd-iec-tr-61850-90-11-2020

-8 - IEC TR 61850-90-11:2020 © IEC 2020

INTRODUCTION

This part of IEC 61850, which is a Technical Report, describes the methodologies for the
modelling of logics for IEC 61850 based applications. IEC 61850 defines communication
networks and systems for power utility automation, and more specifically the communication
architecture for subsystems like power system automation systems. The defined architecture in
part IEC 61850-7-x provides both a power utility specific data model and a substation domain
specific data model with abstract definitions of data objects classes and services independently
from the specific protocol stacks, implementations, and operating systems. The mapping of
these abstract classes and services to communication stacks is outside the scope of
IEC 61850-7-x and can be found in IEC 61850-8-x and in IEC 61850-9-x.

IEC 61850-7-1 gives an overview of the basic communication architecture to be used for all
applications in the power utility domain. IEC 61850-7-3 defines common attribute types and
common data classes related to all applications in the power system domain. The attributes of
the common data classes can be accessed using services defined in [IEC 61850-7-2. These
common data classes are used in this part to define the compatible data object classes.

To reach interoperability, all data objects in the data model (IEC 61850-7-3, IEC 61850-7-4)
need a strong definition with regard to syntax and semantics. The semantics of the data objects
is mainly provided by names assigned to common logical nodes defined and data objects they
contain, as defined in part IEC 61850-7-4, and dedicated logical nodes defined in domain
specific parts like for hydro power control systems (IEC 61850-7-410).

A data object with full semantics is only one of the elements required to achieve interoperability.
The standardised access to the data objects is defined in compatible, power utility and domain
specific services (see IEC 61850-7-2). Since data objects and services are hosted by intelligent
electronic devices (IED), a proper device model is needed also. To describe both the device
capabilities and the interaction of the devices in the related system, also a configuration
language is needed as defined in part IEC 61850-6 by the System Configuration description
Language (SCL).

Besides the application of functions based on predefined logical nodes as given by
IEC 61850-7-4 or other domain standards, there is a need to manage project specific logic
schemes. These logic schemes define logic operations across logical nodes implementing a
function. An increased benefit of IEC 61850 system engineering is the capability of the IEDs to
handle such user programmable logics modelled with I[EC 61850 concepts. This document
provides a standardised methodology to describe and manage logic which is applicable for both
on a local function as well as for distributed function logic.

Logics are not limited to functions represented by GAPC class as described in this document.
The modelling principles can be applied to all LN classes containing the needed information.
Since GAPC class offers the widest flexibility in application, which goes with the usage of logics,
this LN class is taken as an example in this document.
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COMMUNICATION NETWORKS AND SYSTEMS
FOR POWER UTILITY AUTOMATION -

Part 90-11: Methodologies for modelling of logics
for IEC 61850 based applications

1 Scope

1.1 General

This part of IEC 61850, which is a Technical Report, describes the methodologies for the
modelling of logics for IEC 61850 based applications in power utility automation. In particular,
it describes the functional view of logic based on existing logical nodes for generic process
automation and the operational modes of the logic. Furthermore it includes the specification of
the standard language to be applied to specific the logic as well as the related data exchange
format between engineering tools and their application as well as the mapping of logic elements
to IEC 61850 data types.

The examples or use cases given in this document are based on the class model introduced in
IEC 61850-7-1 and defined in IEC 61850-7-3. The logical node and data names used in this
document are defined in IEC 61850-7-4, the services applied in IEC 61850-7-2. The naming
conventions of IEC 61850-7-2 are applied in this document also.

If extensions are needed in the application examples, the normative naming rules for multiple
instances and private, compatible extensions of Logical Node (LN) Classes and Data Object
Names defined in IEC 61850-7-1 are considered.

This document describes the use of IEC 61850 extensions for modelling logics, therefore it
implies some tutorial material. However it is advisable to read IEC 61850-6 and IEC 61850-7-1
in conjunction with IEC 61850-7-3 and IEC 61850-7-2 first and IEC 61131-3 as reference for
the programming language of logic.

The different logics included in any IED in an IEC 61850 based system can be classified into
two groups:

e Fixed Logic: These logics are predefined mostly for critical and complex functions. They are
typically included in the IED’s defined application, potentially implemented in software,
firmware or hardware, and are not modifiable with IEC 61850 tools and services. These
logics are implementation specific. Fixed logic is out of the scope of this document.

e Editable Logic: These are user configurable / programmable logics which shall be modelled
through IEC 61850 configuration tools and be accessible by IEC 61850 services. These
logics can be application specific.

The major goal of this document is to adopt the given functionality of an IED to fit to specific
application function demands. This is to provide a definition of the methodology for describing
and exchanging logics using an IEC 61850 compatible solution. As a benefit the same logic
description will be valid and vendor-independent, so it could be used for different IEDs. It is up
to the tools to understand this standard description in order to be able to manipulate the logics
and to properly configure the IEDs.

Graphical representation of logic is currently out-of-scope of the IEC 61850 series, even if it is
part of the PLCopen XML specification. The representation is subject to the engineering tools.
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Modelling logics requires some extension of the currently defined data model and / or an
extension of the content in the SCL files which is described and which needs to be considered
in later editions of IEC 61850-6 and IEC 61850-7-4.

Some examples are included for guidance in Annex B.

1.2 Published versions of this standard and related namespace name
This technical report defines two namespaces:

e An |[EC 61850 data model namespace (NSD)
e An SCL schema namespace (SCL)

Table 2 provides an overview of the references between the published versions of this standard
and the related namespace names.

Table 2 — Reference between published versions
of the standard and related namespace name

Edition Publication Webstore Namespace NSD Namespace

date http://www.iec.ch/61850/2
019/SCL/90-11

Edition 1.0 2020-06 IEC TR 61850-90- (Tr)IEC 61850-90- 2019A2
11:2020 11:2019A

1.3 Namespace name and version

Table 3 shows all attributes of the data model namespace.

Table 3 — Attributes of data model namespace

Attribute Content
Namespace nameplate
Namespace Identifier (Tr)IEC 61850-90-11
Version 2019
Revision A
Release 2
Full Namespace Name (Tr)IEC 61850-90-11:2019A
Namespace Type transitional
CodeComponentName NSD

Namespace dependencies

extends IEC 61850-7-4 version:2007 revision:B

Namespace transitional status

Future handling of namespace content The name space (Tr)IEC 61850-90-11:2019A is
considered as "transitional" since the models are
expected to be included in further editions IEC 61850-
7-4xx. Potential extensions/modifications may happen
iffwhen the models are moved to the International
Standard status

Table 4 shows all the attributes of the XML schema namespace
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Table 4 — Attributes of xsd namespace

Attribute Content
Namespace nameplate
Namespace Identifier (xmins) http://www.iec.ch/61850/2019/SCL/90-11
XSD version header attribute 2019A2
Recommended reference name elEC61850-90-11SCL
Version 2019
Revision A
Release 2
CodeComponentName SCL

1.4 Code Component distribution
1.4.1 General

Each Code Component is a ZIP package containing at least the electronic representation of the
Code Component itself and a file describing the content of the package (IECManifest.xml).

The life cycle of a code component is not restricted to the life cycle of the related publication.
The publication life cycle goes through two stages, Version (corresponding to an edition) and
Revision (corresponding to an amendment). A third publication stage (Release) allows
publication of Code Component in case of urgent fixes of InterOp Tissues, thus without need to
publish an amendment.

Consequently, new release(s) of the Code Component may be released, which supersede(s)
the previous release, and will be distributed through the IEC TC57 web site at:

http://www.iec.ch/tc57/supportingdocuments

The latest version/release of the document will be found by selecting the file for the code
component with the highest value for VersionStatelnfo, e.g. IEC_TR_61850-90-
11.NSD.{VersionStatelnfo}.light.zip.

1.4.2 Data model namespace code component

The data model code component is an NSD file as specified in IEC 61850-7-7. It will be available
in a light and full version:

e The full version contains definition of the whole data model defined in this standard with the
documentation associated and access is restricted to purchaser of this part

e The light version does not contain any documentations but contains the whole data model
as per full version

The light version is freely accessible on the IEC website for download at:
http://www.iec.ch/tc57/supportingdocuments/IEC_TR_61850-90-11.NSD.2019A2.light.zip.
but the usage remains under the licensing conditions.

In case of any differences between the downloadable code and the IEC pdf published content,
the downloadable code(s) is(are) the valid one; it may be subject to updates. See history files.
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1.4.3 XML schema namespace code component

The SCL code component namespace is an XML schema file. It will be available in a full version.
The full version is freely accessible on the IEC website for download at:
http://www.iec.ch/tc57/supportingdocuments/IECG_TR_61850-90-11. SCL. 2019A2. full. zip

but the usage remains under the licensing conditions.

In case of any differences between the downloadable code and the IEC pdf published content,
the downloadable code(s) is(are) the valid one; it may be subject to updates. See history files.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 61131-3, Programmable controllers — Part 3: Programming languages

IEC TS 61850-1-2, Communication networks and systems for power utility automation —
Part 1-2: Guideline on extending IEC 61850

IEC 61850-5, Communication networks and systems for power utility automation — Part 5:
Communication requirements for functions and device models

IEC 61850-6, Communication networks and systems for power utility automation — Part 6:
Configuration description language for communication in electrical substations related to IEDs

IEC 61850-7-1, Communication networks and systems for power utility automation — Part 7-1:
Basic communication structure — Principles and models

IEC 61850-7-2, Communication networks and systems for power utility automation — Part 7-2:
Basic information and communication structure — Abstract communication service interface
(ACSI)

IEC 61850-7-3, Communication networks and systems for power utility automation — Part 7-3:
Basic communication structure — Common data classes

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

Extensible Markup Language (XML) 1.0 (Fifth Edition), W3C Recommendation 26 November
2008 (available at http://www.w3.0org/TR/2008/REC-xm|-20081126/)

PLCopen XML, XML formats for IEC 61131-3 (available at http://www.plcopen.org)

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at thg, followi
addresses: ﬁ&:l‘m‘ients
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e |EC Electropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp
3.1

logic unit
entity that executes logic schemes and it is hosted by a logical node (GAPC)

4 Abbreviated terms

For the purposes of this document, the abbreviated terms given in IEC 61850-7-3 and
IEC 61850-7-4 and the following apply.

CB Circuit breaker

CDC Common Data Class

CID Configured IED Description

DTOO Direct Transfer Open Operation
ICT IED Configuration Tool

IED Intelligent Electronic Device

LN Logical Node

PLC Programmable Logic Controller
PLD Programmable Logic Description
POU Control Program Organisation Unit
SCD System Configuration Description
SCL System Configuration description Language
SCT System Configuration Tool

XML Extensible Markup Language

5 Use cases

5.1 General

For the purpose of defining the methodology to model logic, the use cases of fixed and editable
logics shown in Table 5 to Table 12 and Table 14 are considered. These use cases are
examples to demonstrate logics without reviewing the entire application content.

The use cases are contributions from applications worldwide. For reasons of traceability the
pertaining drawings are presented in their original layout, coming with symbols out of various
IEC standards.
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5.2 Use case 1 — Busbar disconnector coupled in a double busbar arrangement
Table 5 — Use case 1 definition

Use case For incoming bays and for outgoing bays, when both busbar 1 disconnector and busbar 2

description disconnector of the same bay are in a closed or unknown or bad status, the bay is considered

to be coupled to both busbars

Initiator Actor

Busbar disconnectors

Primary Actors

Busbar disconnectors

Secondary Actors

None

Trigger

Position of busbar disconnectors

Assumption list

There is a double busbar topology, and therefore a busbar 1 disconnector and a busbar 2
disconnector exist per bay.

The position signals of the disconnectors are of double point status type.

Precondition list

At least one of the busbar disconnectors is open or it is in bad state (XSWI.Pos.stVal = 1 or
3).

Postcondition list

Both of the busbar disconnectors are closed or in an intermediate state (XSWI.Pos.stVal = 0
or 2).

Primary Flow

One or both busbar disconnectors change their state from open or bad state to close or
intermediate state.

The busbar disconnectors coupled indication is activated

Illustration 1
2 [
QB1 QB2 QB1 QB2 QB1 QB2 QBW\ QB2 QB1 QB2
QA1 QA1 QA1 QA1 QA1
N ~—
< < < m
)] o o)) o o))
£ £ £ £ £
& & g g £
=] =1 o o) 8]
o o £ &} £
Busbar 1 disconnector open
NOT
AND
Busbar 2 disconnector open
NOT
Notes & Precondition to close more than one busbar disconnector in one bay is the fact that both
Outstanding busbars are coupled over a circuit breaker. Now, as long as two disconnectors in one bay are
Issues not in open positions, the coupling circuit breaker must not be opened, not even to clear a
fault in the system. The output of this logic is used to block the opening of the circuit breaker
in the coupling bay.
Improvements
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5.3 Use case 2 — Delayed breaker trip and blocking after 15t low gas pressure alarm
Table 6 — Use case 2 definition

Use case When the SF6 pressure in a busbar 1 associated compartment in a GIS substation drops to

description the first of two levels, a low SF6 pressure alarm appears and a 24/48 hours timer starts.

When time elapses, a trip signal is sent to all circuit breakers (CB) connected to busbar 1.

Initiator Actor

Pressure gauge

Primary Actors

Circuit breaker

Secondary Actors

15t low SF6 pressure level alarm, timer

Trigger

Pressure drop

Assumption list

Pressure gauges are working properly
Low pressure level occurs in any compartment associated to busbar 1.

There is one independent busbar disconnector compartment per bay.

Precondition list

The initial SF6 pressure levels are above the first low pressure threshold.

Postcondition list

CBs connected to busbar 1 are tripped and blocked.

The closing of disconnectors to busbar 1 is blocked.

Flow SF6 pressure drops at the 15t alarm level in any of the disconnectors compartments of busbar
1.
A low SF6 pressure alarm is sent to the control centre as an urgent alarm.
A timer starts counting.
After 24 or 48 hours (adjustable), if the pressure continues to be below the 15t alarm level, an
automatic trip to all CBs connected to busbar 1 is sent. Also, the closing of breakers and
disconnectors to busbar 1 is blocked.
Illustration
GRAPHIC EQUATION
In1
In1-| TON |-Out| Out:=TON(In1,T)
T- out |
In1 = Low SF6 pressure alarm.
T = Pick-up delay (24/48 hours).
Out = Trip of CBs connected to busbar 1 and closure blocking of CBs and disconnectors to
busbar 1.
Additional
Requirements list
Notes & A locking function is assumed.
Outstanding
Issues
Improvements
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5.4 Use case 3 — Bay connected to a busbar

Table 7 — Use case 3 definition

Use case When both the CB and the busbar 1 disconnector are closed, the bay is considered to be
description connected to busbar 1.

Initiator Actor Busbar 1 disconnector

Primary Actors |CB

Secondary
Actors

Trigger CB closure

Assumption list | The busbar topology is a double busbar. There is no line disconnector switch QB9 or it is
closed.

Precondition list [ At least the breaker is open.

Postcondition Both the busbar 1 disconnector and the CB are closed.
list
Flow The busbar 1 disconnector closes.

The CB closes.
The bay is connected to busbar 1.

An information representing "Bay connected to busbar 1" is generated.

Illustration 1
2
QB1 QB2 QB1 QB2 QB1 QB2 QB1 QB2 QB1 QB2
QA1 QA1 QA1 QA1 QA1
o —
< < < fis)
g 2 g 2 2
] o] b
<) <) g 5 g
=] =1 5} o o
o o £ o £
Busbar 1 disconnector closed
Bay connected to busbar 1
AND
Cirguit breaker closed
dditional
Requirements
list
Notes &
Outstanding
Issues
Improvements
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5.5 Use case 4 — Definite trip

Table 8 — Use case 4 definition

Use case The trip issued to a CB can be considered as definitive. No more cycles of tripping and
description reclosing are expected.

Initiator Actor CB General trip

Primary Actors |CB, Recloser

Secondary Timer
Actors
Trigger CB Definite Trip

Assumption list | There is a recloser function which actuates for certain types of protection trips.

Precondition list | The power system is working under stable conditions until a fault occurs.

Postcondition The CB remains opened and the indication of Definite Trip is kept until the CB closes.
list
Flow A fault occurs and a protection function sends a trip command to the CB.

The General trip indication is activated.

If that specific trip activates the recloser function, the CB will close, and if the fault has not
been eliminated, a new trip command will be sent. This process will continue until all recloser
cycles have finished.

If that specific trip does not activate the recloser function, there will be no reclosing cycles.

When no recloser cycles are expected, and the CB remains open, the Definite Trip indication is

activated.
Illustration
General Trip
TOF g RS
50 msec T
ouT
AND
52(CBjclosed —— 1R1 TON |— Definite Trip
79 cycle ongoing —————— NOT
100 msec
Additional
Requirements
list
Notes &
Outstanding
Issues
Improvements
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5.6 Use case 5 — "Direct transfer open operation”

Table 9 — Use case 5 definition

Use case Direct transfer open operation (DTOO) from substation A to open the other line end circuit
description breakers (QAO and QA2) in substation B when the operator decides to open the central
circuit breaker (QAO) or the feeder circuit breaker (here: QA2) of the line in substation A.
Scenario 1
B/B 1 B/B 1

O
-—— (2) Open
1 :’ _____ QA0
|
Operator | 1
| I'(2) Open
== -b--- QA2
(1) Open
B/B 2 I B/B 2
s - -
Substation A Substation B
B/B 1
QA1
- QAD
O
I
pE—
(1) Open QA2
Operator
B/B 2 l B/B 2
e s - -
Initiator Actor Operator opening the QAO circuit breaker, QA2 circuit breaker resp., in substation A

Primary Actors Operator

IED (or IEDs) at substation A implementing the logic scheme

Secondary IEDs at both substations implementing the direct transfer open operation
Actors
Trigger Opening command of circuit breaker QA0 or QA2 at substation A

Assumption list Circuit breaker position signals are single phased monitored. The circuit breakers are
modeled as single-phase breakers, which leads to three instances of XCBR each.

Precondition list [ The DTOO functionality is enabled in feeder bay at substation A.

One of QAO or QA2 circuit breakers at substation A is open before the open command to the
other circuit breaker is issued by the operator.

Postcondition

list
Primary flow The operator sends the opening command to circuit breaker QA0, QA2 resp.
A direct transfer open operation is sent to substation B.
QA0 and QA2 at substation A are open.
QA0 and QA2 at substation B are open.
Quality If some of the inputs to the same AND gate have bad quality, then there is no evidence of
management the open positions of all the three CB poles, and then the output of the logic sho

be
marked as invalid and no open operation should be sent to substation B Ocuments

Document Sharing Hub

Full document details: PD IEC TR 61850-90-11:2020


http://www.avadocuments.com/doc/pd-iec-tr-61850-90-11-2020
http://www.avadocuments.com/doc/pd-iec-tr-61850-90-11-2020

IEC TR 61850-90-11:2020 © IEC 2020 -19 -

Illustration
Op
Mod (ON)
InRef1: QAOXCBR1.Pos (OPEN) —>
InRef2: QAOXCBR2.Pos (OPEN) — &
InRef3: QAOXCBR3.Pos (OPEN) ——
InRef8: QA2CSWI1.Pos.opRcvd —
—— OR—~ & -
InRef5: QA2XCBR1.Pos (OPEN) L
InRef6: QA2XCBR2.Pos (OPEN) — &
InRef7: QA2XCBR3.Pos (OPEN) —
InRef4: QAOCSWI1.Pos.opRevd —
Additional
Requirements
list
Notes &
Outstanding
Issues
Improvements The logic could be more complex, adding conditions to prevent sending the remote open
command to the breakers.

5.7 Use case 6 — Line outage detection in a breaker and a half scheme
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Table 10 — Use case 6 definition

Use case Provide a secure and reliable indication that a Line Outage (at least from one end) exists.
description
Initiator Actor CB positions; Phase currents; Maintenance switch information
Primary Actors Undercurrent element
Secondary None
Actors
Trigger Change on CB status
Assumption list The position of the CB is wired to an IEC 61850 compliant IED.
Precondition list | Availability of CB indications, Undercurrent element
Postcondition
list
Flow If
breaker CB1 is open
AND
breaker CB2 is open
AND
all 3 phase current measurements are LESS THAN a user selected
pick-up value [status of Gate110.Ind is true]
THEN
status of Gate113.Ind is true
IF
status of Gate113.Ind is true
AND
this condition exits for longer than 12 milliseconds
THEN
declare the line open.
NOTE OR conditions exist for various maintenance conditions of the line and CBs.
Illustration
e
ey
Underaurrent (UC}
Additional
Requirements
list
Notes & A Maintenance Switch is a toggle switch on the switchgear panel to select between
Outstanding operation/maintenance state of the refered-to primary switchgear.
Issues
Improvements
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5.8 Use case 7 — Unit trip logic

Table 11 — Use case 7 definition

Use case
description

Provide a stable grid condition depending on available lines

D-G 532
642
NP 00 o 10
oo| N N N
UNIT1 D-M3
01l N N N
—1 532

MmN | N [fUul\| N

0] N N

—1 542 -T— 642 -T- 742 (—

UNIT2 D-M2

0: Open 1: Closed
N: No Scheme Action
U1: Unit Tripped

Legend:

“00", "01", "11" and "10” indicate the positions of two CBs in a single point representation
(open=0, closed=1).

Examples:
642/742 (vertical) "10": 642 is closed, 742 is open
532/542 (horizontal) "11": 532 and 542 are closed

Initiator Actor

CB positions; outage and trip indications

Primary Actors None

Secondary None

Actors

Trigger Change on CB status

Assumption list

The position of the CB is wired to an IEC 61850 compliant IED.

Precondition list

Availability of CB indications, outage & trip indications

Postcondition
list

Flow

In a situation where there are 2 power plants and 3 exit lines from the site AND 2 of the 3
lines are tripped OR are out of service, a 2-unit plant may go unstable. Upon detection of
the 2-line outage condition, trip the appropriate plant in order to avoid a 2-unit outage. The
“appropriate” unit to trip is a function of the dynamic station topology.

Illustration

Physical Topology of CB 532 CLOSED.
the 500k Bus —CB§42 CLOSED
(From Karnaugh Map) — CBE¥ITIOSED

M43 (OUTAGE or TRIP}
DG (QUTAGE or TRIP)

DCSPS EVE-2A

UNIT# TRIP

DG OUTAGE

DCSPS EVE-1A

DM TRIP

DW#3 OUTAGE

DCSPSEVE-ID  powe | A0 iAW)

Additional
Requirements
list

Notes &
Outstanding
Issues

Improvements
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Use case 8 — Data quality management

This use case is related to quality management when executing a logic function that takes
information from several distributed sources.

Table 12 — Use case 8 definition

Use case
description

PTUV operation is usually grouped as only one operation indication information to the control
centre. In this use case we will suppose a simple case of the PTUV function in a substation
with two bays.

Initiator Actor

Under voltage trip information from one or several bays

Primary Actors

None

Secondary Actors

None

Trigger Operation of the PTUV function in one or several bays
Assumption list None
Precondition list  [None

Postcondition list

Flow From the point of view of the status (stVal), the OR logic should be the logical OR of all the
inputs.
As IEC 61131-3 structured text the status is calculated as follows:
Op.general:=
PTUV1.0Op.general OR PTUV2.0Op.general;
Quality For each individual pair of input status and accompanying ‘q’ the logic shall allow to configure
management the desired qualities for input processing:
quality of incoming signal desired quality
referenced by InRef
good good
questionable questionable
invalid invalid
missing due to communication invalid
outage
The input quality should be influenced by the GOOSE supervision provided by the IEC 61850
communication stack in case the input is acquired via communication services.
Illustration e N
: W BCU/RTU
Additional
Requirements list
Notes &
Outstanding
Issues
Improvements

Documents
Document Sharing Hub

Full document details: PD IEC TR 61850-90-11:2020


http://www.avadocuments.com/doc/pd-iec-tr-61850-90-11-2020
http://www.avadocuments.com/doc/pd-iec-tr-61850-90-11-2020

IEC TR 61850-90-11:2020 © IEC 2020 - 23 -

There are two ways of how the validity of an output can be determined:

e By an inherent processing of the data quality together with the information status value
throughout the logic unit. In addition, the impact of a communication loss i.e. missing input
information has to be considered.

e By a user engineered quality assessment logic using the transparent mode, cf. item e)
below.

As an extension to this use case, logics modelling should allow the user to specify the quality
calculation for each kind of logic operation. As an example, rules expressed in a structured text
logics term are shown in Table 13:

Table 13 — Example of a quality definition

Combination of input qualities

Desired output quality

Desired output status

{true}

IF all {good} good as calculated
ELSE IF all {invalid} invalid as calculated
ELSE IF one {good} and status good true

ELSE

questionable

as calculated or safe state

NOTE 1 Depending on the logic operation (here: Boolean OR) the output g.validity can be good even though

g.validity of some inputs are not good.

NOTE 1 The ‘safe state’ of an output is that status which does not trigger or does not release subscribing functions.
This status is not necessarily the reset signal; the level depends on the application.

Further considerations are a matter of semantic and meaning, and it is specific to each user
requirements.

Concept for the quality handling: For each input a CF attribute should be provided to define
whether in case of exceptions a) to d) logic agnostic common rules are applied for forcing the
input value or whether e) the output value (status, quality) is calculated out of a configured logic
(transparent mode).

a) to fall back to a default input value configured by the user with good quality

b) to continue to use the last known input status value with good validity

c) to use the received input status value and to force its validity to good

d) to do a dynamic blocking of the function (LN.BIk = True)

e) The user handles the quality information and configures the output status and quality of the
function versus the possible input validity combinations (transparent mode)

Selection a) is proposed as the default setting.

As a facilitation for the user, choices a) to d) each define a dedicated behaviour of the input
handler of the logic to be applied in case of a given abnormal situation. These configuration
choices can also be used for application specific definitions for the input handler to ensure a
correct processing even in communication loss situations. With choices a) to c¢) the application
continues processing using a predefined static status value in place of the information provided
through communication. Applying this method, even implementations which do not support
quality processing can come to dependable outputs. The proposed concept is further elaborated
in Annex F.
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5.10 Use case 9 — Switchgear control on the example of a busbar change-over

sequence

This use case is related to the issuing of switchgear controls, especially a sequence of controls,
as outputs of the logic.

Table 14 — Use case 9 definition

Use case
description

An outgoing bay (here: A1) is supplied from busbar 1 of a double busbar substation. This
bay shall be changed over to busbar 2 without interrupting the supply.

Initiator Actor

Network operator initiating the change-over

Primary Actors None

Secondary None

Actors

Trigger Operational reasons

Assumption list

Busbar 2 is connected to incoming bay B,

switchgears are available for switching, i.e. no blockings

Precondition list

Outgoing bay A1: QB1 closed, QB2 open, QA1 closed
Coupling bay: QB1 open, QB2 open, QA1 open

Postcondition
list

Outgoing bay A1: QB1 open, QB2 closed, QA1 closed
Coupling bay: QB1 open, QB2 open, QA1 open

Flow Control to close QB1 of the coupling bay
If desired the end position is reached, then
Control to close QB2 of the coupling bay
If desired the end position is reached, then
Control to close QA1 of the coupling bay
If desired the end position is reached, then
Control to close QB2 of the outgoing bay A1
If desired the end position is reached, then
Control to open QB1 of the outgoing bay A1
If desired the end position is reached, then
Control to open QA1 of the coupling bay
If desired the end position is reached, then
Control to open QB1 of the coupling bay
If desired the end position is reached, then
Control to open QB2 of the coupling bay
If desired the end position is reached, then end
Illustration 1
2
Qb1 as2 aB1 B2 aB1 B2 aB1 a2 Qs 62
ant a1 aat ant aar
< < < @
g 2 g 2 2
S ) g 5 £
3 3 2 38 g
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Additional No protection trips during the run time,
Requirements . . . .
list no user interactions during the run time
Notes & The sequence of controls is continued on the conditions
Outstanding ) ) )
Issues - that the previous step is successfully terminated,
- that the next equipment is not blocked,
- that the next step is permitted checking all conditions applicable
otherwise the sequence is terminated.
As an option, the opening of the coupling bay may be bypassed, if another outgoing bay
shall be changed-over as well. Then, for the second run, also the closing of the coupling can
be bypassed. For the last run, the opening of the coupling cannot be bypassed.
Improvements

5.11 Conclusions
As a conclusion from the different use cases the following requirements apply:

e Quality management is needed with specific considerations to test mode.
e Function blocks to split DPS/DPC values into primitive Boolean values are needed.
e Analogue measure comparators are needed.

e For the control of switchgear dedicated function blocks may be needed.
6 Functional requirements for logic modelling

6.1 Performance requirements
Performance requirements applied to the logic modelling are related to the functions where
these logics are applied. The time performance defined to the logic unit shall fit into the total

time performance of the function. This total time shall be calculated taking into account all the
IEDs involved in the function and the time transfers between them.

For cyclic execution logic units, the accuracy class of the period indicates the deviation of this
period between two consecutive periods.

For trigger event execution logic units, the accuracy class indicates the delay since the event
was detected and the logic unit is executed and the output(s) updated.

Figure 1 shows the performance timing concepts associated to the execution of a logic unit.
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Freeze Assign Freeze Assign Assign Assign Assign
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Figure 1 — Performance timing concepts

6.2 Specific management of Common Data Class (CDC) attributes
6.2.1 General

Regarding mapping data objects, for any data object used in the logic unit, status and quality
data attributes shall always be mapped as a structured type.

6.2.2 Quality

Guidelines for the propagation of data quality information between Logical Nodes will be
provided by IEC TR 61850-7-5, Communication networks and systems for power utility
automation — Part 7-5: IEC 61850 modeling concepts (work in progress at the time of writing
this document). Logic should consider the input quality state and logical node operating modes
according to the conditions stated in IEC 61850-7-4:2010, Annex A.

A mapping recommendation is the following:

e “processed as valid”: The information should be dealt with as if it was received with a
g.validity = good

e “processed as questionable”: The information should be dealt with as if it was received with
a q.validity = questionable

e “processed as invalid”: The information should be dealt with as if it was received with a
g.validity = invalid

The interpretation of “process as valid” , “process as invalid” and “process as questionable” for
the specific application is to be determined by configuration/engineering in the logic. Annex E
presents an example of a user specification of the behaviour in terms of data quality in user-
defined logics.

Both the input status values and all possible input data quality values shall be considered in
the logic equations. In addition to this, it is of importance to specify how an input shall be dealt
with in case of communication abnormalties, when the information seen at the input cannot be
considered as the live process value. The user is in charge of creating a configuration which
ensures function outputs reliable under all circumstances.

Annex F presents two ways of engineering programmable logics in terms of data quality.
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6.2.3 Time stamp

Following IEC 61850-5:2013, 11.1.1.3, there is no need to map the time stamp of data objects
to the logic unit. Nevertheless, the user shall be able to configure the logic to time stamp the
output signal with the time stamp of the input signal which triggered the logic. Alternatively, the
logic unit shall assign the time stamp to the changed outputs at the end of the execution cycle.

6.3 Switchgear control
6.3.1 Variant A: Control commands using control services on CSWI.Pos

Since logics outputs are Boolean, each output to control a switchgear must be converted to
trigger control services (typically select-before-operate) using an external function. To issue
controls via CSWI ensures the verification of the controls against the interlocking condition,
against the uniqueness of control (1-out-of-n) and against the synchrocheck release if
applicable. The scheme of Variant A is shown in Figure 2.

For each of the steps the CSWI issues a reservation/selected signal (Pos.stSeld) as long as
the switchgear is selected. These signals are subscribed by IEDs to ensure the uniqueness of
control for each switching action.

The conversion of the logic outputs from the GAPC instance into MMS control services is a
local issue.

It is recommended to assess the switchgear blocking criteria in the logic, via direct subscription
of the related signals and consideration in the equations.

To verify the successful termination (positive acknowledgement) of a control,

e either the signal of the desired end position of the switchgear (“control with enhanced
security”) i.e. a successful position change

e or the indication CSWI.Pos.opOk may be processed.
To notify the unsuccessful termination (negative acknowledgement) of a control,

e either a time-out indication on the desired end position of the switchgear

e or the fact that the indication CSWI.Pos.opOk is missing may be processed.
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Figure 2 — Scheme of variant A

6.3.2 Variant B: Control commands using GOOSE messages to XCBR/XSWI

The inputs to close and to open a circuit breaker (XCBR) or a disconnector (XSWI) are directly
connected to the logic outputs from the GAPC instance via GOOSE messages. The logic
outputs are of SelOpn and OpOpn, SelCls and OpCls respectively semantics. Figure 3 shows
the scheme of Variant B (without validating check synchronism conditions in the logic).

Since CSWI is not involved in the controls, the verifications provided by CSWI with each control
are not performed. Therefore, the GAPC logic shall comprise these verifications before issuing
a control. To do so, the GAPC LN instance must subscribe to CILO.EnaOpn and CILO.EnaCls
(for interlocking checking) and RSYN.Rel (for check synchronizing) as applicable.

Switchgear blocking criteria must also be assessed by the logics functionality, via direct
subscription of the related signals and consideration in the equations.

To verify the successful termination (positive acknowledgement) of a control,

e either the signal of the desired end position of the switchgear (“control with enhanced
security”) i.e. a successful position change

e or the indication XCBR.Pos.opOk, XSWI.Pos.opOk resp. may be processed.
To notify the unsuccessful termination (negative acknowledgement) of a control,

e either a time-out indication on the desired end position of the switchgear

e or the fact that the indication XCBR.Pos.opOk, XSWI.Pos.opOk resp. is missing may be
processed.

Full document details: PD IEC TR 61850-90-11:2020

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/pd-iec-tr-61850-90-11-2020
http://www.avadocuments.com/doc/pd-iec-tr-61850-90-11-2020

IEC TR 61850-90-11:2020 © IEC 2020 -29 -
Gateway
Client 5 [sei0mn | Open
access Cancel g IE o
@ Operate Open
[ pe ] oot | Sperate
CSwiI XCBR
Pos stVal' BIkOpn
,Pos stSeld | BIkCIs.
GAPC [ oo
@ Operate n\:,
’—~ @ Operate C
CILO RSYN SCBR SOPN

IEC

Legend:
red: data exchange using services;
brown: data contribution from further functions;

green:

blue: controls using GOOSE

position indications;

Figure 3 — Scheme of variant B

6.3.3 Variant C: Control commands using GOOSE messages to CSWI

To issue controls via CSWI ensures the verification of the controls against the interlocking,
against the uniqueness of control and against the synchrocheck release as applicable. The
inputs to close and to open a disconnector or circuit breaker are connected to the logic outputs
via GOOSE messages. The scheme of Variant C is shown in Figure 4.

This variant is not supported by IEC 61850-7-2 yet, but this approach is used already for control
commands using GOOSE messages from CSWI to XCBR/XSWI. Assuming that CSWI was
equipped with an interface to receive GOOSE control commands similar to the ones in
XCBR/XSWI, control commands could be received without using MMS control services (cf.
variant A).

The control model of CSWI may be used in the complete control sequence, same as in the
original control service. The same is valid for the selection step.

Switchgear blocking criteria must be assessed by the logics functionality, via direct subscription
of the related signals and consideration in the equations.

To verify the successful termination (positive acknowledgement) of a control, either

¢ the signal of the desired end position of the switchgear (“control with enhanced security”)
i.e. a successful position change, or

e the indication CSWI.Pos.opOk may be processed.
To notify the unsuccessful termination (negative acknowledgement) of a control, eitﬁbcuments
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e a time-out indication on the desired end position of the switchgear, or

e the fact that the indication CSWI.Pos.opOk is missing may be processed.
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Figure 4 — Scheme of variant C

6.3.4 Conclusions on switchgear control issued by logics

The above solution variants outline the maximum exchange (Select controls, Operate controls)
between the logical nodes. Typically, a select-before-operate control model is applicable for
intentional controls of switchgear (operator access), while configured and tested automations —
which application logics can be compared with — typically work in a direct-execute mode. This
Technical Report is not awaited to define a common solution. A choice should be made per
application, on basis of the functional requirements.

At the time of writing this document, discussions are ongoing in other WG 10 taskforces about

which solution should be preferred:

e in the short run (possibly variant C)

e and in the long run — also for other control services like Setting Group Control — (possibly
variant A)

For semantical clearness additional DOs for SelOpn, SelCls, OpOpn and OpCls should be
considered in the standard, proposed as amendments to IEC 61850-7-4. To allow more than
one switchgear to be controlled from the same GAPC instance, more than one instance of
outputs can be implemented. Table 15 shows the additional GAPC LN output data objects
dedicated to switchgear control, proposed as amendments to IEC 61850-7-4.
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