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Agenda

Context
= Use case diagram: IEC 61850 Standard to System Specification
=  Model-Driven IEC 62850 Engineering Process — Data domain
= NSD - SCL Harmonization (XSD Schemas)

Data Modeling
= Creation of Utility Data Profile derived from the IEC 61850 Model

System Specification Tool
= Engineering workflow
= SLD to produce the Substation section (using a System Configurator Tool)

=  Automatic generation:
= ISD files using Virtual IEDs from Data profile
= .SSD (including Substation, Communication, IED and DataType templates sections)
=  Documentation (.docx, .pdf, .html, .xslx)

SCL Validation Tools
* HQSCL File Compare tool
* EDF-HQRiseClispe SCL Validation tool (IEC 61850 configuration files, in SCL (XSD 2007B4, 61850-6 ed2.1)

2 Hydro-Québec



Hydro-Québec at a glance
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37 310 MW peak power

209 TWh annual electricity sales

' 99 % renewable generation

Generation Site

I Hydro-QuebecTransEnergie network

118 130 km of distribution lines

735and 315and
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34 361 km of transport lines

315and
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IEC 61850 Engineering Process — Data domain

Phases for the implementation of a new digital Substation (IEC 61850)

Standards
(NSD, SNSD)

IEC 61850-6
IEC 61850-7
IEC 61850-8

Utility Standards

Specifications

+  Protection, Automation and Control
Schemes description ( for a specific
type of electric power system
equipment)

. Definition of the Protection, Event
analysis telemonitoring, etc.
requirements

*  Single Line Diagram

I. Data Modeling

Nomenclature definition

Equipement Templates

Function Templates
* Virtual IED Templates

Specify 61850 Data Exchanges

Data by function

Definition of report blocks

>
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V. Validation

Reports

A

Configurations

\

validate .SCD / .1ID
vs .SSD

IV. Integration
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: 1Il. Standardization
‘|r IED Capability Description

Il. Design 61850 Data Exchanges configuration

Single Line Diagram

Signal lists (MMS, GOOSE)

SCADA Gateway configuration
Signal lists (MMS, GOOSE)

Communication diagram
61850 Data exchanges configuration
Report Configuration

SCADA Gateway configuration

{ Functional Specification

System Specification

System Integration

IEC 61850
Data Model

Sébastien Latraverse, ing. Version 2.2

¥

Utility 61850
Data Profile

System Specification Description

™
JASD files

Pre-Project

Replica configuration

» N ™ . N
550 file E 1CD files E .,,':fn"plateu % 1D files

System Automation Configuration

b N
.SCD file D file

Responsible
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uc IEC 61850 Engineering Process - Data Domain /

«|EC 61850»
Standard

«Namespace»

Produce NSDs,
SNSDs

Engineer

ActorTypes

B =

. Data Engineer

m PAC Engineer

D Standardization Engineer

Vendor domain

«Namespaces
Publish NSDs,
SNSDs

wusen

«Data»
Functional Specification

Produce 61850

Data Profile

wusen

Validate 61850 Data

Profile

1
|
“usen

I
)

E

xch (MMS,

GOOSE)

wSystem»
Specification

Produce .1SDs (for
each type Vitual IED)

Produce SLD of

Substation

7
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Wi Z// winclude»

winclude» —:l

Produce .S5D

1 e
W wextend»

#
wysen
e

Generate Signal lists
(MMS, GOOSE)

Validate .S5D
bl

|
wUsen

Validate Signal lists

(MMS, GOOSE)

é__.__

Produce .ICDs (for
each
orresponding .1SD|

“ysen

i «use»

Validate
mplementation (.IID
vs .I1SD for each IED
type)

Validate .SCD Engineer

Name: IEC 61850 Engineering Process - Data Domain

Author:  Sébastien Latraverse, ing.
Version: 1.0

Utility domain
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NSD - SCL Harmonization (XSD schemas)

Standards

] — NSD
xd ——— | (xsD Schema)

Sébastien Latraverse, ing. Version 1.0

»

Functional Specification

|. Data Modeling

=9
— - | sCL:DataTypeTemplates

| —— (XSD Schema)

+

. Utility:
— Functional
Specification
~ | (XsD Schema)

<m

—_ Utility:
—_— 61850
—— | Data Profile

System Specification

Il. Design

11l. Standardization

=1 sa
———— | (XSD Schema)

»

SCL
~ | (XSD Schema)

¥

System Specification Description

Y N
E 15D files E ssDfile

\ 4

Replica configuration

=

I__l.lcnﬂles |__|,'S“"“""l_—l.nomes
— —— | “Template” | —

Utility domain
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System Integration

IV. Integration

|—l sCL

— ‘ (XSD Schema)
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NSDs to DataTypeTemplates

Hydro-Québec Data Profile is derived from the IEC 61850 Data Model

1. Transformation of NSDs and SNSDs files into UML and XML format (Namespace Definition Model)

Mame Space Definiton

|EC_61850-7-2_2007A2 |

7 +BasicT
= e [~ — _ DependsCn
= +FunctionalConstraints S i

-

= IEC_61850-7-3_2007A2
- *Enumerations —
(7] *Enumerations

{from N50_615850._2007A32]

+PresenceConditions

(7] *ConstructedArtributes

£ +cDes

{from N5D_61850_ 2007AZ)

DependsCn

IEC_61850-7-4_2007A2

=="—i +Enumerations

(7] *LNClaszes

[from N5D_61850 2007A2)

Service Mame Space Definition

|

IEC_61850-8-1_2003

(7 +FunctionalConstraints

= +PresenceConditions

(7] +ServiceTypeRealizations
(] +ServiceContructedAttributes

£ +ServiceCDCs

(from SNSD_618502003)

2. Build datatype templates using Namespace Definition Model

9 Hydro-Québec

pkg DataTypeTemplates /

DataTypeTemplates |

["7] +NodeTypes
|"—"| +DOTypes
[77] +DATypes

i-i + EnumTypes

{from Gabarits de données)




Data Profile

kg HQ Data Profile 5
E / Functions

Automatism Functions

Fonctions Systéme
Fonctions Autres ‘

|'-'--| + Zone Poste

Automatismes locaux ‘

= + Bati t =
I‘__j . I_:Ten b hi [ 7] +Baie Barres
Al * O-ilioperuibogiapiie 1 71 + Gestion Oscilloperturbographie distribuée

DataT es = : {77 +Baie Compensation |
yp [ +eetan ok bopnes %7 + Baie Disjoncteurs [;_1 + Commande de repli centralisée (UICC)

f ¥ H iliai il = =15 i
[ Services auxiliaires | + Gestion Teléprotection

(7] +Baie Lignes

[~} +Permutateurs

(from Fonctions) [77] +Perte de biterne

1 + Régulation de tension (ART)
b

DataTypeTemplates | {from Fonctions)

"] +LNodeTypes
[7] + Rétablisseur de service (RS)

(7] +DOTypes .
(] +DATypes Equ | pment (7] +Selection de tension et commande controlée (SEL_TENS)

|_—! +Vérification de syncrhonisme [25VS)

(7] * EnumTypes

Equipements primaires - Poste | DEls
{from Gabarits de données) _ = (from Automuatismes)
(] +Barres [ *+Zone Poste
i Dejonceur [ 7 Bale Banes Automatismes réseau
| 7] +Ugnes | ] +Baie Compensation =
[77] +Sectionneurs | ] +Baie Disjoncteurs _D +Delesteur
f_j FFranstormateurs {7 +Baie Lignes [T +Détection de ligne ouverte courant (DLOC)
'D + Batteries de condensateurs . i ;
- ; rom Automatismes)
i+ Inductances de MALT ot Eq_wpements
secondaires - Poste)

(from Equipements primaires)
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System Specification Tool



Engineering Workflow
IEC 61850-90-2

— | System\
f\ Configurator
IED | (Substation LAN)
DB ICD
— I

SCD File with Proxy/Gateway
Client Inputs

Ve n d O r Proxy/Gateway
SpeCifiC Configurator

|

11D File of Proxy/Gateway
Server

1ID Files of other
Proxy/Gateway Server
L

System
Configurator
(SS-CC WAN)

|

SCD File for
Frontend Client

IEC
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Figure 14 — Engineering workflow

R 61850 Specification Tool

-

IED
Specification
description files

Automates the generation of IED Specification
Description files and .SSD specification file from a
61850 Utility Data Profile.

Section Description

Substation Complete

Communication Partial

IED Specificaton of virtual IEDs
* Services
* LDevice

* LN (DataSet, FCDA, ReportControl,
GSEControl)

DataTypeTemplates Complete

Technologies used : UML, XML, XLST

g HQ SCL File Compare Tool

Web application validating SCL Files :
ASD vs .IID

.SSD vs .IID

.SSD vs .SCD

Technologies used : HTML, XSLT, XQuery, JavaScript



Single Line Diagram (SLD)

System Configurator Tool

q Fittor
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Hydro-Québec TransEnergie

Equipment Substation Layout
E Busbar

!E Connection Point

D

B Circuit Breaker

El Withdrawable Circuit Breaker

E."J Disconnactor

[:‘E[ Earth Switch

\oltage Transformer

[E Curmrent Transformer

@ Power Transfommer

@ Power Tranaformer 2 Windings

El Power Transformer 2 Windings with Tap Changer
m Power Transformer 3 Windings L=
[[l Bushing

@ Power Overhead Line or Line Segment

@ Infeading Line
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Specification

Medium Voltage Line
Data Modeling

Légende des éléments du profil de données HQ

E] Appareillage ou équipements|DEL)

D Fonction

D Instances des types de données HQ CEl 61850
D Types: LNTypes, OTypes, etc.

D Baie

E] Noeuds logiques avec action [Ex: PTRC)

E] Alarmes groupées [CALH)

E] Service

Légende des rapports (DataSets)
D Etats: Rapport états (EX, MA)
D Etats_M_A: Rapport pour maintenance et/ou analyse [MA)
D EtatsSys: Rapport états systeme [EX,MA)
D Mes_M_A: Rapport mesures pour maintenance et/ou analyse [MA)
D MesE: Rapport mesures &lectriques [EX,MA)
D MesME: Rapport mesures non-électrigues [EX, MA)
D PositionsApp: Rapport Positions Appareils (EX, MA)
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TDatd Ser=

EHes [ED
= name="UCCT"
=l originalsclVersion ="2007"
= original3clRevision ="B"
E desc="Passerelle”
§-<<>> Services
—H&% AccessPoint
|£—<E! name = "AP1"
“f Saner
J_’—_z » Authentication
—His LDevice
—= inst="UCCT_8Ys"
& ldName ="UCCT_8Ys"
—& desc=""
Ead LNO
-2 InClass ="LLNO”
-= inst="

[+Hz® DataSet
[+Hzs DataSet
[+ DataSet
[+ DataSet
&> DataSet
[z DataSet

[Fre|Dataset]
= name ="MesE”

E % FCDA

<

—=l InType ="HQ_LLNO_base_¥1.0"

DataSet name="MesE"=]

<FCDA 1dinst="TaMS_A" prefix=""InClass="MMXLU" Ininst="1" doName="Tot\W" fc="MX"/>|
<FCDA ldInst="T2M3_A" prefiz=""InClass="MMXL" Ininst="1" doMName="TotVAr" fc="Mx"/=
<FCDA IdInst="T3MES_A" prefix="" InClass="MMXL" Inlnst="1" doMName="FPV" fc="Mx"I=
<FCDA ldinst="T3MS_A" prefix=""InClass="MMXL" Ininst="1" doName="A" fc="M}"/=
<FCDA |dinst="T2MS_B" prefix="" InClass="MMXL" Ininst="1" doName="Tol\W" fc="Mx"f=
=FCDA |dinst="T3MS_B" prefix="" InClass="MMXU" Inlnst="1" doName="TotvAr fc="MxX"/=|
=FCDA Idinst="T3MS_B" prefix="" InClass="MMxL" Ininst="1" doMame="PFV" fc="X /=]
=FCDA 1dinst="T3MS_B" prefix="" InClass="MMXU" Ininst="1" doName="A" fc="MX"/>
=FCDA 1dinst="T3MS_MQ" prefix="" InClass="MMXL" InInst="1" doName="Tot\/" fc="Mx"f>
=FCDA 1dInst="T3MS_MC" prefix=""InClass="MMXU" InInst="1" doName="TotVAr" fc="Mx"I=|
<FCDA |dinst="T3MS_MQ" prefix=""InClass="MMXU" Ininst="1" doName="FPPV" fc="MX"i=
<FCDA IdInst="T3MS_MQ" prefix=""InClass="MWXL" Ininst="1" doMName="4" fc="Mx"}=|
<FCDA ldInst="T4MS_A" prefie="" InClass="MMXU" Ininst="1" doName="Tot\/" fc="MX"/=|
<FCDA |dinst="T4ME_A" prefix="" InClass="MMXL" Ininst="1" daName="TotVAr fc="MxX"/=
<FCDA Idinst="T4ME_A" prefiz=""InClass="MMXL" Ininst="1" daMName="FPV" fc="MX"f=
=FCDA |dInst="T4MS_A" prefix="" InClass="MMXL" Ininst="1" doName="4" fc="MX"/=|
=FCDA 1dinst="T4M5_B" prefix="" InClass="MMxL" Ininst="1" doName="Tot\\" fc="Mx"/=
=FCDA ldinst="T4MS_B" prefix=""InClass="MMxU" Ininst="1" doName="TotVAr" fc="MX"/>
=FCDA |dinst="T4MS_B" prefix="" InClass="MMxL" Ininst="1" doName="PFPV" fc="MX"l=
<=FCDA Idinst="T4MS_B" prefix="" InClass="MMXU" Ininst="1" doName="A" fc="Mx"/>
<FCDA Idinst="T4MS_MQ" prefix=""InClass="MMXU" InInst="1" doName="Tot\W" fc="xX"f=
<FCDA |dinst="T4MS_MQ" prefix=""InClass="MKMXL!" Ininst="1" doName="TotvAr" fc="Mx"f=|
<FCDA ldinst="T4ME_MQ" prefix=""InClass="MWXL" InInsi="1" doName="PPV" fc="MX"I=
=FCDA Idinst="T4MS_MQ" prefiz="" InClass="MMXL" Inlnst="1" doMName="A" fc="Mx"/=|

ACERA 1dlm cd—"TORT A" mrefia—"" lr T ae e TRV 1 lnlm n =4 Anbdamn —"T ot A fe LA |

B Tree View ] 2 Owarning(s), 0 errors) i

| Tree Selection Brawser

[able Selection Browser

Tag name/Text | =/ Idinst =/ prefix| =/ InClass| =/ Ininst| = doName = fc
45 FCDA NT25L240L240M3 MIMXL 9 Totvar M.
<% FCDA NT25L240L240MS ML 1 PhY M
{5 FCDA NT25L240L240M3 MMXL 9 A M
<% FCDA NT25L240L240M5 MMXU 1 W M
4§ FCDA NT25L240L240M3 ML 9 VA M.
< ¥ FCDA NT25L 242 242MS ML 1 Totw M
{5 FCDA NT25L2421 242M3 MMXL 9 Totvar M
<F FCDA NT25L242 242M5 MMXU 1 PhY M
4§ FCDA NT25L242 24203 MMXL 1 A M.
<% FCDA NT25L242] 242MS ML 9 W Mx
<5 FCDA NT25L242 242M3 MMXL 1 VAT M
<% FCDA NT25L 2441 244M3 MMXU 9 Totw M
4§ FCDA NT25L244 24403 ML 1 Totvar M
<3 FCDA NT26L244 244MS MMXL 9 PhY Mx
<5 FCDA NT25L2441 244MS MMXL 1 A M
<% FCDA NT25L2441 244M3 MMXU 9 W M
¢ § FCDA NT25L244L 244M5 MMXL 1 VAT 3
L5 FrMA MTA200 41 12 & MR | 4 Tt R




Automated Documentation (.docx, .pdf, .html, .xslx)

1.6.3

Name: HIO_MMXU_LMT_base_W.O

This logical node is used for calculation of currents, voltages, powers and impedances in a three-phase system. The

main use is for operative applications.

HQ_MMXU_LMT base V1.0 class

Data object name

Common data class

Explanation

Beh

HQ_ENS_Beh Vi

F.ead-only value, describing the behaviour of a domain
logical node. It depends on the current operating mode of
the logical node (Domainl N.Mod'), and the current
operating mode of the logical device that contams it
(LLNO.Mod'). Processing of the quality status ('q’) of the
received data is the prerequisite for correct interp ion of
Domainl N Belr'.

5.5.1.1.6 Name: HQ_MV_base_V1.0

This common data class shall be used to represent measured values.

HQ_MV_base_V1.0 class

Diata attribute
name

Type FC TrgOp

Explanation

ClcMth

HQ_ENG_SP_CleMth_status_only V1.0

Calculation method of statistical data objects.

TotW

HQ_MV_base V1.0

Total real power in a three-phase circuit [W].

TotVAr

HQ_MV_base V1.0

Total reactive power in a three-phase circuit [VAr].

6.1.4.1.4

ncr

Name: HQ_Unit_V1.0

TIA TITUT Lo__ Tre A

This type shall be used to represent unit and multiplier information.

R 5 s i SN R M A e

s phase currents.

HQ_Unit_V1.0 type definition

Attribute name

Attribute type

ValueValue range

Explanation

SlUnit

HQ_SlUnitKind_V1.0

Adin Annex A (7-2)

According to Tables A1 to

51 unit of measure.

scliBDA[(@name=5IUnit) and (@bType=Enum)]

mag HQ_AnalogueValue f V1.0 MX dchg,

dupd

Value of the magnifude based on a deadband
calculation from the instantaneous value ‘instMag’.
The value of 'mag’ shall be updated to the cument
instantaneous value 'instMag’ when the value has
changed according to the configuration parameter
iy’ If 'db'=0, 'mag’="instMag’.

MNOTE 1 This value is typically used to create
reports for analogue values. Such a report sent "by
exception” is not comparable to the transfer of
sampled measured values as supported by the
CDC SAV.

MNOTE 2 This 'mag’ is not the same as ‘mag’ of the
constructed attribute class Vector'.

q Cuality MX gchg

CQuality of the values in 'insiMag’, 'mag’, range’.

t TimeStamp MX

Timestamp of the last refresh of the value in 'mag"
or of the last change of the value in any of 'range’
or'q.

units HGQ_Unit_V1.0 CF dchg

Unit for: 'instMag’, 'mag’, 'subMag’, rangeC".

db INT32U CF dchg

Deadband is a configuration parameter used o
calculate deadbanded value ‘mag’. The value of
'db’ shall represent the percentage of difference
(‘'rangeC.max’ - ‘rangeC.min"} in units of 0.001%.
Therefore, 'db’=[0, 100°000], comresponding io [0%,
100%], respectively. If an integral calculation is
used to determine the deadbanded value, the value
of 'db’ shall be represented as 0,001% s.

Value 0 shall suppress reporting events on the
analog value, so that only changes of the ‘range’
value will lead to events.

muftiplier HQ_Multiplierkind_V1 According fo Table A5 in Unit muliiplier.
o 7.43.4 _ Name: HQ_SlUnitKind_V1.0
HO_SIUnitKind_V1.0 enumeration definition
51 units, with sub-categories as Value Explanation
follows:
® 1-8: base Slunits
@ 9-39: derived Sl units
*  41-60: extended S units
® 51-85: industry-specific S|
units.
none a dimensionless
m 2 meter: Length
kg 3 kilogram: Mass
s 4 second: Time
A 5 ampere: Current
K 6 kelvin: Temperature
mol ¥ mole: Amount of substance
15 Hydro-Québec




HQ SCL File Compare Tool

Outil de validation de fichiers SCL- Version 1.0

=
Hyguébec

TransEnergie

[ Specifications HQT ] ~ [ Configuration systéme ] ¥ [ Comparaison passerelles] ¥ Documentation ~

Section IED - Logical Devices Rechercher : |*
Passerelle H-Q Comparaison Passerelle Fournisseur
[IED] name=L35134I2CE47D [IED] name=L3S134I2CE47D
4 [LDevice] inat=L3S134ALIMCA ARCM ldName=L3S134ALIMCA RRCM [LDevice] inst=L35134ALIMCA ARCM ldName=L35134ALIMCA ARCM
s [LNode] (LNO) 1nType=EQ LLNHO base W1.0 1nClass=LLHD [LNode] (LNO) 1nType=EQ LLNO base V1.0 1nClasg=LLNO
1351 34ALTMCA ARCM.Beh (ENS) . q(uality) * Elément manqguant _
- * Elément 135134ALTMCA ARCM.Beh (ENS) . q(Quality) TEST
supplémentaire
e * Elément L35134ALTMCA ARCM. NawP1t (LPT) . attTest (VisString255)
supplémentaire
T [LHode] {(LM) InType=HQ T5AF ArmoireCommandeExt V1.0 1nClasa=154F [LNode] (LW) I1nType=HQ ISAF RrmoireCommandeExt V1.0 InClasg=I3&F
inst=1 inat=1
" 135134ALTMCA ARCM. Beh (ENS) . t (Timestamp) * Elément manqguant _
b [LDevice]l inst=L35134ALIMCC MS ldName=L35134ALIMCC MS * ldName différent [Ipevice] inst=L35134ALIMCC MS LdName=L35134ALIMCC MS test

16 Hydro-Québec



EDF-HQ RiseClispe SCL Validation tool

OCL Constraints Files UML Model https://rise-clipse.pam-retd.fr/

EDF-618560-Ed.2

: About OCL Internal files repository |
1 +Helpers
| [+l D
CL Internal files 'EF‘DE"“?_"?!' -:l +RequiredAttributes m
] OCL Internal files repository [—:I +FileSpecifics b
l-:l Helpers : [':| +RequiredElements #
;:I Reguiredfinbules l":| +5SemanticConstraints -y
I_—I l_—':leS_::lec:ﬁcs
&-{ 1co .
& 1o {from EDF-61850-Ed.2)
=] =co
=] sED
FCS |-:| SED Helpers RequiredAttributes FileSpecifics RequiredElements SemanticConstraints
‘il -EI RequiredElements +BaseSimpleTypes +AbstractConductingEquipment |_:| +icD +AbstractConductingEquipment ] +AnyLN
I+l nticConstras : = ;
#{ SemanticConstrains +Enums +AbstractDatasttribute Eg +no +AccessPoint E +Bay
+AbstractEqFuncSubFunc I':l +5CD +Address 5] *ClientlN
+AccessContro ==+ = +Certificate = +Communication
4 Co | |:| SED Certif = T
+AccessPoint B = +Communication = +Conductin. uipment
A Poi [ +55D o ConductinsEquip
+Address E:‘J '&9 Ea’ (—j‘ E:} +Connected AP +ConnectedAP
+AnyLN +Datadet +ConnectivityNode
+Association s +DataTypeTemplates +DA
+Bay +DAType +Dal
+BDA +DataTypeTemplates +EnumType +DataTypeTemplzates
+BitRatelnMbPeriec +D0Type +History +DAType
= = +ExtRef & +IED H +Dol
+Cert
+Certificate +IED +Inputs +D0Type
+CligntLN +Line +LDevice +EnumType
+Clientservices +Process +LNcdeType +EqFunction
+CommProt +5ubstation +PowerTransformer +EgSubFunction
= +Communication = +ReportControl = +EquipmentContainer
; h (frem FileSpecifics) P q Pl
+ConductingEquipment +SampledValueControl +Function
+ConfLNs o +5CL +GeneralEquipment
=] +ConnectedAP = +Server E +G5EControl
e +DataTypetemplates .
+ConnectivityNode = +SubNetwork +History

7 TIyuil U ‘ucCoco



EDF-HQ RiseClispe SCL Validation tool

SCL UML Model with OCL references

EDF-51250-Sd.2
.:'LDD.J[
2 UML Modal
==

Headar

Line
Process
Subs=tation
IED
LM
LMD
Communication
T DataTypeTemplates
-7 s0L
LB scL
OCL Internal files reposiory

: |E-:-' OCL Internal files repository
[ Hetpers
[ ] RequirsdAttributes
=27 FileSpesifics
E- oo
-0 1o
E-77 sco
&~ seD
-7 550
I+ |_:| RequiredElements
-] SemanticConstraints

-

|

¥

i

httos://risecli rotd fr/

SciObject

iabstract®
BoseTypes::BoseElement

AnyContentFromOtheriamespace

Arivat BaseTypes:Private

+ any[0..*]
+ anyAttribute

[1 B

Scifbject
+Text| BaseTypes:Text

SCL

-

wSClattribute®
+ wversion: tSclVersion = 2007
+ revision: ticlRevision=8
+ release:ticlRelease =4

g1|* wslue

+Header

+Substation EgquipmentContainer

SCLuSubstation
a.*

+Substation ‘ 114

GenerglEguipmentContainer

+Process +5ubProcesses0..*

(2 Bl SCLuProcess

.|
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