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1. Introduction )
2. Engineering process enhancements

o Introduction and overview

o Impact on the standard — IEC61850-6-100

o Impact on tools
3. Demonstrator

o Setup of R&D nester lab

o Demonstrator setup

o Functional testing

4. Storage modelling exercise, conclusions and recommendations
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1. Introduction:
General scope and the advantage of a standardized model for storage

Christoph Brunner, it4power
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OSMOSE work on Interoperability o s’

2

« Scope: interoperability in the context of IEC 61850, which has three aspects
« Engineering
» Data model

« Communication

« OSMOSE addressed the first two aspects:
» Engineering

« Enhance the engineering process described in IEC 61850-6 for better interoperability, but as well higher
efficiency

* A key point was adding formal specification capabilities
» Data model

» Verify and enhance the semantic definitions with a focus on storage systems
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Why improving IEC 61850 engineering process? - o n

‘.

* A standardized semantic model eases:
« To understand how something works
» The efficiency of the integration

Example: If a DERMS knows, what data point to use to e.g. set active power,
Integration is much easier

« Support a fully digitalized specification and design process
» Template based, to support application standardization within a utility
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How to perform these improvements? .. ;—‘.

 Build a demonstrator as a playground to verify and improve concepts

 For the engineering process:
* Implement the proposed enhancements in commercially available tools
 Refine the process based on experience learned with the demonstrator

* For the data model:

« Model a feeder with typical utility requirements and provide feedback to the standard where data
points are not available

 Define an application for storage to verify the 61850 modeling concepts for DER
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The application scenario of the demonstrator

Protection
- Distance (3 zones)
- Teleprotection (POTT)

Breaker failure

Control
- Control and monitoring
of switches

Autorecloser

Synchrocheck

Measurements

- Current
Voltage
Active power
Reactive power

Storage control
- Active power control

- Reactive power control

Storage System
Algorithm for storage
management (determine
O active and reactive power
control)
—H: Control

- Control and monitoring
of switches
Check dead line — live

() bus

Measurements
X - Current

- Voltage

- Active power
-+ Reactive power

OSMEDBSE

28/1/2022
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Include communication
between substations for
teleprotection
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2. Engineering process enhancements

Thomas Sterckx, ELIA Engineering
Jorg Reuter, Helinks
Camille Bloch, Schneider Electric

Engineering process| Impact on standardization | Impact on tools
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2. Engineering process enhancements

Thomas Sterckx, ELIA Engineering
Jorg Reuter, Helinks
Camille Bloch, Schneider Electric

Engineering process| Impact on standardization | Impact on tools
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SSD| (Single fine, LNs.,...)

f -ﬂ IED Capabilities
IED | (LN, DO,...)

=) ICD
Associations,
relation to single line, - » Using SCL as a language for specification and
preconfigured reports, . configuration

Other IEC 61850 project

with interfaces betwoon

Engineering projects _ _

environment » Using available IEC61850-6 ed2.1 SCL

e B AL R R A S PRSI namespace

File fransfer :  Existing concept of functions in the SCL
SA system - substation section
->
{ED ED g [ ED « Starting from engineering tools available on the
market

From IEC61850-6
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Interoperability Added by
Specification Tool Osmose

Function
.FSD Specification
System/IED ‘ Descriptions
specification System
System SRS
-SSD/ISD l¢——— 35s0——p Specification Tool

Specification Tool

(other system)

» Extending specification stage
« Creating system specification including dataflow
* Vendor independent
» Physical allocation independent

IED
Configurator

relation to singie ne, . SCO D Instantiated IED

s i i €D Other IEC 61850 project » Improving interface with IED suppliers
) - Configurator with interfaces botwoon . ) . o )
Engineering | Engineering progocts » Improving interpretation by providing machine readable
environment | Workplace - specification which includes dataflow
File transfer
N R mmmmn » Allowing flexibility in physical allocation of specified functions
Filo transfor and _ _ T
Substation | Parametrization with » Allowing comparison between specification and offered IEDs

SA system b

&

» Improving specification management
 Including traceability of specification in configuration files
» Allowing comparison between specification and configuration

| [J | o o
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Interoperability Added by
Specification Tool Osmose

Function

.FSD Specification
System/IED ¢ Descriptions
specification System
System e
-SSD/ISD ¢—ssD—p| Specification Tool

Specification Tool lother atem)

« Automating configuration stage

IED

s ZEO c:ma « Implementing |ED dataflow based on specified dataflow between
ey functions
relation to single ine, _SCD | | /ID Instantiated IED « Implementing IEDs into the specification based on enhanced IED
PASCOSRION RPN o o Other IEC 61850 projoct capability descriptions (.ICD) from IED suppliers
Enai . Configurator N DRNCON hbsag
ngineering projects

environment

Substation Parametrization with
SA system
ys ’ gateway| ) EC 61850 sarvices A
IED IED IED
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Engineering process enhancements/ reminder on the process |SGAN’f1 +
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Interoperability
Specification Tool
é} Function
TSSO Speciication
System/IED ‘ Descriptions
specification e System
-SSD/ISD Specifi‘;:t?;z e l¢——— 35s0——p Specification Tool
(other system)
| Systom speciication * Extending specification stage
SSO| (Single iine, LN.....) S5O
i IED Capabiities
Configurator (LN. DO. ...) System
ICD Configurator
relation to single fine,  SCD | | /1D Instantiated IED + Extending SCL with elements to allow dataflow definition
preconfigured reports, . e between (sub)functions
Eroinsart — Configurator IR DUMACEN DI « Inside substation section of SCL
ngineering | Engineering progects ] o )
environment | Workplace * Removing the obligation to allocate functions to IEDs
.................................... RIS
CIb e
File fransfer Fils \ransfer and H H ;
A Substation] | | Paramatrization with » Extending the process with ways to define data exchange
system . .
» gatowayjy) | 1EC 61050 sarvices between 2 system specifications

O S Meeg IE 28/01/2022 ISGAN ACADEMY — OSMOSE WEBINAR ON IEC61850 ENHANCEMENT 13



Engineering process enhancements/ reminder on the process ISGAN ";.

Interoperability
Specification Tool

.FSD

v

Function
Specification

System/IED Descriptions
specification System
System SRS
——55D/ISD: ST l¢———3350——p Specification Tool
Specification Tool tother syram)
~ SSD
= SSD| (Single line, LNs....) -
IED : i
Configurator (Lr. DO. ...) N System SED System
ICD Configurator | Syst Configurator
m

relation to single kne SCD 1D Instantiated IED

Engineering Engineering
environment | Workplace

SC
IED Other IEC 61850 project
with interfaces botwooen
J Configurator

.................................... N s
e )
[lc ransfer .
SA system Sgu; scwm [acy IEC 61850 sarvices
‘ IED l IED | IED g

O S M 68 g E 28/01/2022
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Improving interface with IED suppliers

Introducing a concept of virtual IEDs for IED specification

Allowing an IED supplier to select optimal allocation by providing
allocation independent specification

Extending SCL allowing IED suppliers to document
specification mapping deviations inside the offered IED
capability description (.ICD)

Providing ways to compare an IED offer to a specification file

14
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Interoperability
Specification Tool

.FSD
System/IED l
SDedﬁ“'::;;Iw System ci?i‘ésattfz Tool
: Specification Tool ’ {other siatem)
N
» Improving specification management
System specification - P gsp 9
SSD| (Single line, LNs....) -
i IED Capabiities
Configurator (LN. DO. ...) System
il Conspees « Introducing a concept of functions specification descriptions
relation to singiofine, _SC0| | 10 Instantiated IED » Allowing creation of a user profile containing a function library
preconfigured reports, ..
IED
‘.mm . . . . . . .
Engineering | Engneer Configurator Eichecks . Exte_ndlng_SCI__ allowing traceability of specification inside
environment | Workplace configuration files
File transfer
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Interoperability
Specification Tool
Function
.FSD Specification
System/IED 4 Descriptions
specification System
-SSD/ISD .SYSt?m ¢—ssD—p| Specification Tool
Specification Tool
(other system)
S « Automating configuration stage
= -5501 (Single lin}, LNs....) -SSD
IE
IED
Configurator (LN. DO. .{) System System
0 e E — Dataflow already configured in specification stage
relation to single ine,  .SCO [ | /!0 Instantiated IED  |ED datamodel mapping on specification documented in offered
PERCORRaN Topioitss s e Other IEC 61850 project IED capability description (.ICD)
Ena - Configurator with interfacos botwoon
ngineering projects
environment
.............................. Fuetrans'er
Flc ransfer Fil \ransler snd

IED

OSMEDBSE

28/01/2022
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2. Engineering process enhancements

Thomas Sterckx, ELIA Engineering
Jorg Reuter, Helinks
Camille Bloch, Schneider Electric

Engineering process| Impact on standardization | Impact on tools
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Engineering process enhancements/ ISGAN- ¢ . "
Impact on standardization (IEC61850-6-100) e o @ %

Top Down based on
BAP

Top Down based on SCL 6-100

Top Down SCL Part 6 (ICT and SCT)

Bottom Up (ICT only) IEC 61850 Engineering
Efficiency Roadmap
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Engineering process enhancements/
Impact on standardization (IEC61850-6-100)

What is TR 61850 6-1007?

OSMESE

IEC 61850 SCL
Files

INTERNATIONAL SMART GRID bal
ACTION NETWORK @ ./ ®

. “

 serve to exchange specification and
configuration information for IEC
61850 based Automation and
Protection Systems.

TR-IEC 61850 6-
100

* is a Technical Report prepared by
WG10. It extends the SCL scheme
(IEC 61850 part 6) with new XML
elements.

» The extensions concern mostly the
Process/Substation section of SCL

» These extensions allow to describe
the PAC-System in a device and
implementation independent way.

ISGAN ACADEMY — OSMOSE WEBINAR ON IEC61850 ENHANCEMENT




Engineering process enhancements/ ISGAN- s .
Impact on standardization (IEC61850-6-100) ' o @ %
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Overview on 6-100

Substation/Process Section Extension

Virtual IED

References between SCL Files

OSM%‘%@E AAAAAAAAAAAA - OSMOSE WEBINAR ON IEC61850 ENHANCEMENT
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Engineering process enhancements/ ISGAN :'I\
Impact on standardization (IEC61850-6-100) resnamous- s .\. *;

Substation/Process Section: New Concepts in IEC 61850 6-100

SCL - IEC 61850 6 Extension - IEC 61850 6-100

Specification The SCD file has no information about the original The SCD file keeps track of originally specified
Tracking Specification. LNodes and Data Objects.
Data Instance The SSD File has no instance information for the The SSD file supports information on Data Object and
Information Data Objects. Data Attribute Level.(e.g. HMI Texts, DNP3 Addresses)
Data Flow The SSD File (without Virtual IEDs) has no The SSD file contains information about the data
Information information about the data exchange. Application exchanged between Functions and LNodes. It is
Schemes cannot be specified. not limited to IEC 61850 protocols.
Relationship Functions are only related to their hierarchical Functions can have multiple references to any
parent. Power System Resource and can be categorized.
Application Schemes cannot be expressed. Combining Data Flow and Function Relations allows

describing Automation and Protection Schemes.

Virtual IEDs Not supported Reuses current IED model for specification of an IED
Different interpretation of the Service Section

O S Mg%g IE ISGAN ACADEMY — OSMOSE WEBINAR ON IEC61850 ENHANCEMENT
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Engineering process enhancements/ ISGAN
Impact on standardization (IEC61850-6-100 o WEwam
GUIDs for File Identification
Summary IEC Substation -~
61850 6-100 b B IED(s)
EXtenSionS Voltage Level Logical Device

= |
Category Bay - LN,LNO

Power

\ Equipment
SyStem ' Function /

\ﬁ' SubFunction

' LNode

DOS
SDS
DAS

Specified Data
Value

Exchang
o e Com. Cont.
(GOOSE, SV,

OSMDBSE REP)
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2. Engineering process enhancements

Thomas Sterckx, ELIA Engineering
Camille Bloch, Schneider Electric
Jorg Reuter, Helinks

Engineering process| Impact on standardization | Impact on tools
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Sl:::r;g;:::ﬂ;;l » To support creation of a vendor independent specification with
_— IEC 61850-6-100
— <Fi° T » Can be provided by system configuration tool
specification S System » Have to support FSD/SSD on import and SSD/ISD on export
Jf.ssn/:s:: Specification Tool l¢——— 55D———p S;:ec;‘flcatlon To)ol
other system
System specification .
|eo 5501 (Single fine, LN....) :SSD « Shall support ISD/SSD import
confgurator | (LN. DO. ..) System SED System » Shall create extended ICD, with description of the implemented
ICD Configurator | System E Configurator process
Ammm. sci| [0 instantiated 1ED scrl
l R oo, - IED Other IEC 61850 project
Enginesring (B8 Configurator \ w“m « Shall support SSD import with IEC 61850-6-100
environment | Workplace A e » Shall support extended ICD to help user in implementation of
—————— R Flot e the device
SA system [m e 'mmzmj mﬂ' + Shall understand IEC 61850-6-100 extension to help user in
e N creation of the dataflow between real devices based on

y— W L= specification of data exchange in SSD
IED IED IED

O S MQBS IE 28/01/2022 ISGAN ACADEMY — OSMOSE WEBINAR ON IEC61850 ENHANCEMENT 24
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Interoperability
Specification Tool .
— Demonstration of tools based on the
SystemiED T project exercise Teleprotection
specification S System
me Speciiationtoal [ ] Secsliaton oo
Systemspecmcwm -
— SSDl (Single line, LNS....) '
IED f
configurator | {tN: DO, ...) S SED System . . ‘g .
¢ w— Wm EaE e Will present how to create a specification of a system
M%m <ci| [0 instantiated 1ED + Demonstrated with Schneider Electric system tool EPAS-E
' X fepots, = IED Other IEC 61850 project
with interfacos botwoon
Engineering Engineering ‘ OO projects
environment | Workplace _
....... e T F"ctra:sfef e Will present how to use an SSD to create project and
r#ma ';Tj il implement with real device
SA syst = sorvices :
v | oseweyp RESRISES R « Demonstrated with Helinks STS system tool
T /-—f—
IED
O S Me%g E 28/01/2022 ISGAN ACADEMY - OSMOSE WEBINAR ON IEC61850 ENHANCEMENT 25
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Impact on tools
2. System Configuration Tool + Demo

Jorg Reuter, Helinks
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System Configuration Tool + Demo WTERMATIONAL SHART S0 >

o —

Osmose IEC 61850 Top Down Process

System
Specification
Description

System System IED
Specification Configuration Configuration
Tool Tool Tool

Helinks STS

SRR Socoiication)  Dosion 8= =




Engineering process enhancements/ Impact on tools

System Configuration Tool + Demo

Engineering Efficiency

I System
Speciea o m Engineering
Engineering
Libraries

System System IED
Specification Configuration Configuration
Tool Tool Tool

Spe.cificz.a\tion Fully automated
Libraries communication
configuration

HELINKS STS IEC 61850 SCL Data Flow

O S M%’SS E ISGAN ACADEMY — OSMOSE WEBINAR ON IEC61850 ENHANCEMENT
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Specification is created just
by drawing the Single Line !
Drop IED’s into the project.
STS automatically allocates
Logical Nodes and Signals.
Communication
configuration is fully
automated.

28
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3. Demonstrator

Joao Saragoca, R&D Nester

Setup of R&D Nester laboratory | Setup of Demonstrator | Functional testing
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Demonstrator/ Setup of R&D Nester laboratory ISGAN-*: "
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Testing room « Separated in two rooms:

Mounting racks

« Computation room: noisy equipment
or that needs to be in air
conditioned room

Workplace Workplace

5 ¢
S B
=} o)
= =
S =
é é
=
Q
5]

» Testing room: where researchers
are working, normally where the
Meeting table DUT (Device(s) Under Test) are

Laboratory layout
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Demonstrator/ Setup of R&D Nester laboratory ISGAN -r'l.
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Testing room
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Demonstrator/ Setup of R&D Nester laboratory ISGAN r'I.

w Remote Acess GPS Antenna
[
o | Iz
A REN Corporative __ ((Q)
'é Netlfrork ( T ) @
Switch
- - ~ | I
5 ( \ + RTPSS platform
O ] -
£2 | ELEER D gm ma ! aalal | - Power amplifiers
5 Q I {: : E | 1 E:_..—i@ﬁ:il l:il ®: LJ@)L! I _
z | RIPSS Platﬁ)rmsi ST} | ! . IEI_D provided by partners
- ! , \ ; (Siemens, Efacec, Ingeteam)
I Proprietary I Optic and Ethernet | SN P . ’ . . .
: Comeclios I == o JNETRCES, e b e ~ » Workstations (with testing
o | === sl : software)
= 1 - = 1 | .
E§ ! SEREE : i 3 ; | | « Time server
= I RTPSSI/O | Ea E4dER I
1 1 l I I == === 1
\tE N S TeeT & /
(D Traffic generation (@ Timesynchanalyser  (3) Time servers
and impairment
@) Workstations © IEC 61850 test set
and power amplifiers

Laboratory Architecture
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SST: Helinks
SCT: Ingeteam

Prot
A | Siemens

BC
Efacec

Configuration 1

2 substations (A and B)
SST: Schneider

Substation A

SCT: Helinks ) )
» 1 line bay per substation
* Line fromAtoB
Prot
A | Efacec
« 2 |IED per bay
BC « BC — Bay Control Unit
Ingeteam  PROT - Bay Protection Unit
: : 3 different vendors
(] (]
v Vv

different combinations of SST/SCT per substation
« SST - System Specification Tool
» SCT - System Configuration Tool

» 3 different vendors
Substation B

Setup of demonstrator

O S M 6‘3 g E 28/01/2022

ISGAN ACADEMY — OSMOSE WEBINAR ON IEC61850 ENHANCEMENT 33



e
Demonstrator/ Setup of demonstrator ISGAN r'I.

2 substations (A and B)

— SS/B
SSIA « 1 line bay per substation
PROT PROT * Line fromAto B
= BC
BC « 2 IED per bay
« BC — Bay Control Unit

 PROT - Bay Protection Unit
» 3 different vendors

Mounting racks for SS/A (left) and SS/B (right)

O S M%%S IE 28/01/2022 ISGAN ACADEMY — OSMOSE WEBINAR ON IEC61850 ENHANCEMENT 34



Demonstrator/ Setup of demonstrator ISGAN- % -
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PROT Workstation (PC)
Closed loop tests 4 HMI
OPAL-RT C“’":’;f;?‘iﬂ"- Test Suite Pro
(Real time power system | A
SR ommunication ) - . .
T o itch » Process signals (hardwired) and simulated by the RTPSS
Testview e | 1} (Real Time Power System Simulator):
— | mum.l i « Analogue (currents & voltages)
seopeliew « Digital signals (substation equipment signals, e.g. CB
o Switlill':gear positions Statu S)
simulator Hinerwliages PROT
Hypersim ) ) ) ]
i legen: T Commncston | « Communication between IED (for Teleprotection, Auto
.. - ] J s | | e i Reclose functions) is through GOOSE
5 ‘garzlc;[;bd:?) : Software —Goosk '
S o i s « Communication between IED and HMI is through MMS
o . S
CB
) Covichagar D « Most tests done with RTPSS: exception is Synchrocheck
e oo function
OMICRON :ZMC 850
Open loop tests
Test Universe

Detail of demonstrator setup — 1 substation

O S Mg%g IE 28/01/2022 ISGAN ACADEMY — OSMOSE WEBINAR ON IEC61850 ENHANCEMENT 35



Demonstrator/ Setup of demonstrator

OSMOSE Project

A_LINE_BAY and B_LINE_BAY are subcirtuits of type OSMOSE_BAY created for OSMOSE which represent the bay equipments
(switchgear) and associated control logic - has trips and controls from IEDs as inputs and switchgear positions (doublepoint) as outputs

Simulation of bay
switchgear equipment

Gel Ge2
—:Ii@ A_BUSBAR B_BUSBAR =
+ o P b o P

| GENZ_BUS

GEN1_BUS A_LINE_BAY B_LINE_BAY

LINE_AB

+
BUSBAR LINE—#_—LINE BUSBAR— B2
+ pnEEs P

B

OSMOSE_BAY OSMOSE

[ |
[wlaEs
o

Simulation of power
b system faults

RTPSS model for HIL simulations

ISGAN: ¢

INTERNATIONAL SMART GRID ‘,.
ACTION NETWORK @ ™/ g
@8 0

* Power system:
« 2 generators,
* 3lines
* 1 load
« switch and fault elements
2 substation bays: simulation of switchgear
and respective control logic
* Outputs (RTPSS - IED):

» switchgear position (double point:
open & close)

* line currents and voltages
* bus voltage

* Inputs (RTPSS < IED):
« trips (1 per phase),
 controls (open, close)

36
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Demonstrator/ Setup of demonstrator

INTERNATIONAL SMART GRID ‘.
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T QA1_CTRL_BLOCK
STATEa
il
SIATEC IstateC SW_CLOSED}|—
—CBR_CtrIClose SW_OPEN|—
—CBR_CtrlOpen Ctrl[—
—CBR_TripPhA
—CBR_TripPhB . N .
—lCBR TripPhC B Qb1 CIRL BLOCK Q50: Circuit breaker
CBR_CTRL_BLOCK STATEa [grn oo
STATED
StateB SW_CLOSED—
STATEC 5 T . .
StateC _ SW_OPEN|— * QB1: line insulator switch
— SW_CiriClose Q
— SW_CirlOpen
CSW_CTRL_BLOCK
- o « QB2: bus insulator switch
CN1_2 L1
BUSBAR[X] = = = - X LINE
QB QA =l QB
| act . .
*f « QC1: line earth switch
QB2_CTRL_BLOCK T
STATEa
StateA Ctrl
STATED  |SiateB SW_CLOSED|— QC1_CTRL_BLOCK
SIATEC lstateC SW_OPEN}|— STATEa [grn o
| SW._CtriClose SIATED fstateB  SW_CLOSED|—
- —{SW_CtrlOpen STATEC fstateC SW_OPEN|—
CSW_CTRL_BLOCK - —|SW_CtriClose
—SW_CirlOpen

ESW_CTRL_BLOCK

RTPSS model for HIL simulations — bay switchgear
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INTERNATIONAL SMART GRID ". 7
. ACTION NETWORK @~ ™ .
Test execution ° . \.'.

Demonstrator/ functional testing ISG AN:"

OSMOSE Project

A_LINE_BAY and B_LINE_BAY are subcirtuits of type OSMOSE_BAY created for OSMOSE which represent the bay equipments
(switchgear) and associated control logic - has trips and controls from IEDs as inputs and switchgear positions (doublepoint) as outputs

1. Simulation of fault in line at 90% of line

Line fault length away from substation B
simulation (1) 2. Distance function of PROT detects fault in:
a) Z1 in substation A
W, I. trips CB

——{ :) A_BUSBAR B_BUSBAR . .
R o e ii. sends TP signal to PROT of
n = e s e ﬂB~ - substation B
BLISBAR LINE—#—LINE BUSBAR— e . .
I S ) Z2in substation B
OSMOSE_BA 10% 90% OSMOSE_B& i .
A line length l. tl’lp delay ~ 400 ms
_P P - - .
e . PROT of substation B receives TP signal
— Fli_BB_SS54 — - BB_S5 .
1 - a) Trips CB
Distance function b) sends trip information to IED BC
** - Z1:tips for faults until 80% of line (t = 0 ms) . BC receives trip signal initiates Auto reclose
- Z2: trips for faults until ~120% of line (t ~ 400 ms) f i
. ) . unction
o Teleprotection function ..
) - Sends permissive trip signal for faults in Z2 Auto reclose funct!on Issues close command
S - Trips for fault in Z2 and permissive signal reception to CB after DeadTime

GOOSE communication

RTPSS model for HIL simulations
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Demonstrator/ functional testing ey
INTERI %&FﬁGN I.'
\

H‘ o l |(( Fo er 0

i “’ ]|' i ')
” ””” i Hi‘ W r! w 2, D oy o oY domam kit

\4 |h|i ! ‘ |

1. Simulation of fault (phs A) in line at 90% of
line length away from substation B

A
r

||”

||>

I \ \ 1Y
‘ I. trips CB
ii.  sends TP signal to PROT of
substation

b) Z2 in substation B

\H
‘ ﬂ |‘ | a\f\
‘ ‘ ‘”‘| \‘ a) Z1 in substation A

g S - | e O SO S o T — T S I.  trip delay ~ 400 ms
\ 3. PROT of substation B receives TP signal
'O “ Ny e - - - I a) Trips CB
O I ] - e S AR SO S SO b) sends trip information to IED BC
|Ht1lﬂf|“ff;|f||o'ﬁ"" i I%INH{HTHI ) l%lmngmm'tf'mﬂhimﬂiﬁ'ﬂ%ﬁnunhuru l lgmm i ﬁlmwl‘llﬁt'ﬁﬁh |||l'i||||.'||'1'a|t|l|'|'|'|'|||’|'|||‘|'|||h'n'i'n'tﬂMHl|'|'||'|||‘|'|||1|t||||‘|||M||0|||'1'4|'|’||'|'|'|'||||'|||1|t|||)Un'i'n'ﬁ|'1'a|'||l|t'|'|'|||’|'||i * chricrt?on ® trp signal iniiates Autoreclose
H ----------------- R R N e S R 5. Auto reclose function issues close
- R - . YNs| comm nd to CB after DeadTime

DDDDDD




Demonstrator/ functional testing ISG AN:"

INTERNATIONAL SMART GRID ‘,. 7
ACTION NETWORK @ / e .
m=p_|INE_BAY.L1WammB_|INE_BAY.L1.Wb==B_LINE_BAY.L1 Ve .— _. \.'.
L I e S — 5 5 5 5 5 a Te
1. Simulation of fault (phs A) in line at 90% of
- line length away from substation B
| 2. Distance function of PROT detects fault in:
a) Z1 in substation A
12k i. trips CB
| f f f : f f f f : li. sends TP signal to PROT of
D-EI LIME, EIA:D:AH L] LI:.ED“BAYQ;M Ib:ZIBLINE BAY. :;:SI " " " " " - - SUbStatlon
1 — ; ; 5 5 5 5 b) Z2 in substation B

I.  trip delay ~ 400 ms
3. PROT of substation B receives TP signal
a) Trips CB
b) sends trip information to IED BC

4. BC receives trip signal initiates Auto reclose
function

5. Auto reclose function issues close
command to CB after DeadTime

DDDDD

HIL simulation — Line voltages and currents at substation B
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Demonstrator/ functional testing

B_LINE_BAY.QA1_CTRL_BLOCK.CBR_TripPha

B_LINE_BAY.QA1_CTRL_BLOCK.CBR_TripFhB

B_LINE_BAY.QA1_CTRL_BLOCK.CBR_TripPhC

B_LINE_BAY.QA1_CTRL_BLOCK. SW_CLOSED

B_LINE_BAY.QA1_CTRL_BLOCK.SW_OFPEN

INTERNATIONAL SMART GRID

ACTION NETWORK .

T | | 5 5 5 5 5 ’*5’
| | | | | | | | | ¥

line length away from substation B
2. Distance function of PROT detects fault in:
a) Z1 in substation A
i. trips CB

5 A T . L T ii. sends TP signal to PROT of
/ . . . . . . , , , substation
= s b) Z2in substation B
100 ms j . trip delay ~ 400 ms
H o 3. PROT of substation B receives TP signal

B_LINE_BAY.QA1_CTRL_BLOCK.CBR_CHIC|ose

B_LINE_BAY.QA1_CTRL_BLOCK.CBR_CtlOpen

a) Trips CB
b) sends trip information to IED BC

4. BC receives trip signal initiates Auto reclose
function

5. Auto reclose function issues close
command to CB after DeadTime

0z 0.4 06 og 1 1.2 1.4 16 1.8 2

HIL simulation — Digital inputs and outputs of CB

OSMEBSE

28/01/2022 ISGAN ACADEMY — OSMOSE WEBINAR ON IEC61850 ENHANCEMENT
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Demonstrator/ functional testing ISGAN . 0% 2

.
INTERNATIONAL SMART GRID .
ACTION NETWORK @ --.
‘ : \ : : : : : : : : | == . \Q
: : : : : ; ; ; ; o\ /
B_LINE_BAY.QA1_CTRL_BLOCK.CBR_TripPha . u : : : T : : : ‘

B_LINE_BAY.QA1_CTRL_BLOCK.CBR_TripFhB

™ B_LINE_BAY.Q41_CTRL_BLOCK.CBR_TripPhC

1. Simulation of fault (phs A) in line at 90% of
line length away from substation B

2. Distance function of PROT detects fault in:
a) Z1 in substation A

| | | I.  trips CB

e e ii. sends TP signal to PROT of

B_LINE_BAY.QA1_CTRL_BLOCK.SW_CLOSED

B_LINE_BAY.QA1_CTRL_BLOCK.SW_OFEN

1 / S substation
g ot = 113055, 395208 b) Z2in substation B
100 ms : : : : : : : //L'mix:olggzzgz | t”p delay -~ 400 ms
3. PROT of substation B receives TP signal
.44 p 1017ms a) Trips CB
O S b) sends trip information to IED BC
4. BC receives trip signal initiates Auto reclose
; | | ; ; ; | | | function
5. Auto reclose function issues close

command to CB after DeadTime

o 0.z 0.4 06 og 1 1.2 1.4 16 1.8 2

HIL simulation — Digital inputs and outputs of CB
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Demonstrator/ functional testing

Test documentation

OSMEDSE

OPTIMAL SYSTEM-MIX OF FLEXIBILITY

SOLUTIONS FOR EUROPEAN ELECTRICITY

Testing Procedures

(Subset 2)
Task 7.1.2

Contact: www.osmose-h2020.eu

The project has received funding from the European Union’s
Horizon 2020 h and i ion pi under grant
agreement No 773406

Test report document cover and table of contents

OSMESE

28/01/2022

Table of content

0 Execubive SUIWIIEI .o e et e e e e e |
1 List of acronyms and abbrevistions .. 2
2.1 Testing platform description ...
2.2 Use of this document................

2.3 Other indications..._......._... .

[ 3  Testing procedure - distance protection and SOTF .

31 Pre-requisites ...
311 Testing equipment and SORWEME ..o
312 T S LIS e

3.2 Testing procedure and results...
3.21 Common indications ...

322 Procedure and results ..

[ 4  Testing procedure - teleprotection ...

4.1 Pre-requisites ...
4.1.1 Testing equipment and softwane
4.1.2 Testimg SEIUEE e e e s

4.2 Testing procedura and results...
421 Common indications ...

422 Procedure and results ..

[ §  Testing procedure — synchrocheck ...

5.1 Pre-requisites ...
5.1.1 Testing equipment and SOMWENE ..o e 11
51.2 Testimg SEUPS e e e e e e 11

5.2 Testing procedure and results...
521 Commen indications..........

522 Procedure and results ..

[ &  Testing procedure — sutoreclosure....

6.1 Pre-requisites ...
5.1.1 Testing equipment and softwane 15
6.1.2 BT = 13

6.2 Testing procedura and results...

621 Common indications ...
822 Procedure and results ..
T Related documiemts. e e

ISGAN ACADEMY — OSMOSE WEBINAR ON IEC61850 ENHANCEMENT
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ISGAN- ¢ .
INTERNATIONAL SMART GRID ‘. )
ACTION NETWORK @ ‘;.

» Tests documented in test report
» 1 test report for substation A
« 1 test report for substation B

» Tests executed belonging to subset 2
« Distance
« SOTF
» Teleprotection
« Synchrocheck
» Autoreclose

Note: the "Test Procedures" document will
not be part of the public deliverable
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Demonstrator/ functional testing

Test documentation

4221 Testcase 1-POTT scheme

OSMESE

INTERNATIONAL SMART GRID

ACTION NETWORK @ ‘;.
L

‘e

Test # Test description Expected result Result Verdict
” Simulate a zone 2 fault, PhA | The trip is issued in less 3.0 OK .
to ground. than 35 ms. (T1+Ta+Tip) ' « Example for Substation B
5 Simulate a zone 2 fault, PhB | The trip is issued in less 345 OK
to ground. than 35 ms. (T1+Ta+Tip) « Teleprotection function tests:
3 Simulate a zone 2 fault, PhC | The trip is issued in less 3.0 OK
1o ground. fhen 38 ms. (TiTaT) - single phase fault/trip
, | Simulate a zone 2 fault, PhA | The trip is issued in less 105 me oK « phase to phase fault / 3ph trip
to PhB. than 35 ms. (T1+Ta+Tip) '
5 | Simulate a zone 2 fault, PhB | The trip is issued in less 5 - * Result: trip time (trip signal - output
to PhC. than 35 ms. (T1+Ta+Tip) contact Of |ED)
Simulate a zone 2 fault, PhC | The trip is issued in less
® | toPna. than 35 ms. (T1+Ta+Tip) e ms oK
Test report document — teleprotection function tests
28/01/2022 ISGAN ACADEMY - OSMOSE WEBINAR ON IEC61850 ENHANCEMENT 44



Demonstrator/ functional testing

Test documentation

6.2.2.1 Test case 1 - zone 1 dead time

INTERNATIONAL SMART GRID

ACTION NETWORK @ 1+ ®

‘e

T;'“ Test description Expected result Result Verdict
. Simulate a zone 1 fault, PhA The dead time of 105 oK .
to ground. o AR 15 1 « Example for Substation B
2 Simulate a zone 1 fault, PhB | The dead time of 10s oK
to ground. the ARs 15 e Autoreclose function tests:
3 Simulate a zone 1 fault, PhC | The dead time of 10s OK
to ground. the AR is 1 ) : :
eAniE e  single phase fault/trip
Simulate a zone 1 fault, PhA | The dead time of ° phase to phase fault / 3ph trlp
4 | to PhB. the AR is 10 100s oK
5 | Simulate azone 1 faul, PhB [ The dead tmeof | - _ ox  Result: time between fault is cleared and
to PhC. the AR is 10 reclose order is issue
Simulate a zone 1 fault, PhC | The dead time of
® | topna. the AR is 10 100s oK
Test report document — Autoreclose function tests
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4. Storage modelling exercise

conclusions and recommendations
Christoph Brunner, it4power

O S QB S IE 28/01/2021 ISGAN ACADEMY - OSMOSE WEBINAR ON IEC61850 ENHANCEMENT 46



ISGAN .. % .

INTERNATIONAL SMART GRID ‘
ACTION NETWORK @ .

How to model a DER? . .‘\_.'

* Depends on the information user...

 DER management system
* is not interested in the technology specific details
* Needs to know generic characteristics and where to apply setpoints

* DER owner
* Interested in technology specific details e.g. for asset management

- Model of a DER as a resource has two parts: Generic model and technology
specific model

O S Mg%g E 28/01/2022 ISGAN ACADEMY - OSMOSE WEBINAR ON IEC61850 ENHANCEMENT 47
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INTERNATIONAL SMART GRID ® bl
ACTION NETWORK @ ™ - ®

DER Resource ey

« May be single DER or recursively aggregated DERs
* Describes aspects of the electrical resource — possibly aggregated
« Capabilities (ratings)
 Settings
« Status
« Can be
» Generator DGEN
« Load DLOD

« Storage DSTO
* If the resource is a single DER, it refers to the technology specific LN of that DER

O S M 6‘9 S E ISGAN ACADEMY — OSMOSE WEBINAR ON IEC61850 ENHANCEMENT
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T e @ @9
Example of DER Resource — PV fe

Generic LM

* Model consists of ‘ o }4
» A generic part (DGEN) i
A technology specific part (e.g. DPVC) , %

zabstracte
DEResourcelLN

DER Unit Specific LN

LLNO %:]

DER common DOs

wabstracts

Z% GeneratingUnitLN

Generator Unit common DOs

DGEN g]

‘ wahstracts

DER_GeneratorLN l
InStance In a ) e Generator common DOs I /—‘%
Logical Device i > ee

iﬁ | 7 B
Y~ oE " =R

+ DERUnIt: ORG [0.1] ‘

Class Model
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INTERNATIONAL SMART GRID

——

Components of the DER model O
Setpoints
Controls
Expected
behavior - = — —«flowy = ==
OperationalFunctionLN | _ _ _ _ _ _ _ _— PowerManageme
«flow» = «flow» = = = = - -

] Characteristics
I
/ | Status

|

Black box component MEHSU:EF"E"E

managing the DER «flow»
I

Multiple like e.g. active |

power control or any

O S MGBS E ISGAN ACADEMY - OSMOSE WEBINAR ON IEC61850 ENHANCEMENT
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. - NTERATIOUL SHATTSRC @ @
Battery Application of OSMOSE g
« An additional goal of OSMOSE was, to |
verify the IEC 61850-7-420 models for v =
Distributed Energy Resources S
» Use case: Use a battery to prevent
. Battery
overload on a power line + :

|

1

Power Flow v
v
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INTERNATIONAL SMART GRID

The DER resource model for the battery .»\f

| - “
DSTO DGEM
_ o + DERUnit: ORG [0.1] EiEE tDiEqGE”]}- +  DERUnit: ORG [0.1]
« Generic characteristics of storage +  EqGn: ORG +  InclGn: ORG [1.7]
+ Eglod: ORG
as Generator and Load are b inclso-ondl
expressed with DGEN / DLOD
refers to (Eqlod)
. . refers to (DERUNIt .
 Specifics of the DER unit (battery) :  DERUnit ORG[0LN]
IS expressed with DBAT + Incllod: OGRS
StoragelUniftLN
DBAT
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The operational functions to be used

» Load following function
(DWFL) to determine the
power to be produced by the
battery

* Active power control (DWGC)
to execute the request from
the battery at the opposite line
end

OSMEBSE

ISGAN ACADEMY -

Active Power
Consumption -- Generation

ISGAN- ¢ .

»
INTERNATIONAL SMART GRID ‘. /
ACTION NETWORK @ ‘; o

Generation (e.qg.
Storage) Following
Load
Time
Load (Consumption)
FolWTgt: Active power target for Load Following '
- -----*---------.-.---:--
N
FolWThr: Threshold
for Load Follbwing
IEC

OSMOSE WEBINAR ON IEC61850 ENHANCEMENT
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Simulating the Application s

« The battery controller and the battery itself were simulated using DTM from
Triangle Microworks

« With DTM it is possible, to simulate a complete system or parts of the system
* If the system uses IEC 61850, it is configured through the SCD file
* For functional simulation, a library supports a default behavior for logical nodes

« Custom applications can be described in 61131 function block diagram and
structured text
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Simulating the Application

/_\ 4 Power \/DER Resource\

InW FolWRef Management
FolWThr FegW

Cut

h J

E

INTERNATIONAL SMART GRID
ACTION NETWORK

o—

BattenyW(Charge

E 3

~—™ [InW2 Wspt2

| 4
=)

¥
=T

s comoness. IS pomiagn e [ o | p——
RegW | 1 RegW2 |e » InW  CutWiGenerate |+
ReqW3 j
Operatlonal

\ Fu CtIOI"IS /

» InWh SocEffWhPct
= WhRtg  EffWh

BatteryWhRtg /

Chut
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ACTION NETWORK @ .
Simulating the Application o S ¥
.
« The battery controller
I I I i1fi fPNFtIGN_BLic:(i?:U;fL oing load following (not generation followin
appllcatlon IS SpeCIerd aS a ¥::tlr[:s;?1?1hz 1iP‘Trnes:u:I:-::u:l isga nedg:t'!vl'ei-:'all.?ex[ 01;3]. alsc-tthe?n::luut"-.'a?Lwil be negative when the power flow is towards the line
function block diagram for VARINPUT
simulation using the 61850 et
. [ Settings
LNs as function blocks FolWT
EMD_VAR I
* The behavior of the individual VAR OUTPUT
. . FolWRef : ; {{Reflects the input value of the load to follow
LNS are SpeCIerd Wlth ReqW : ; ffActive power requested by the function
EMD_VAR
structured text R
.. IF InW < FelWThr THEM
* An additional 61131 program R = (W - FolWTh
IS used to simulate the battery |  fev=o
EMD_FUNCTION_BLOCK
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Conclusions e S s

« The application could be modeled with the LNs and DOs defined in IEC61850-7-
420, Ed 2

* The models of 61850-7-420 are rather comprehensive; in some cases, there is
redundancy in the information models

* In DSTO, state of charge (SoC) can be expressed in Wh or in percentage

* In DSTO, instead of expressing SoC, energy available for discharging and energy
capacity to be stored can be provided

* In DGEN, there are ratings for active power, reactive power and apparent power

- Profiling for specific applications may be recommended
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ACTION NETWORK @ ™y
Key takeways Sl
» Engineering process

« With the OSMOSE demonstrator, it was possible to provide feedback to IEC TC57 WG10 to extend
the standard such that formal specification can be supported

* Those extensions improve efficiency of the process
* The extensions could be validated in the demonstrator

* The extensions have been implemented as prototypes commercial tools — this will help market
introduction

* Modelling DER and storage
« The models defined by Ed 2 of IEC 61850-7-420 could be verified with a practical example
* It could as well be demonstrated, how SCL files can be used to simulate the behaviour of a system
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Thanks for your attention

Yves Marie Bourien, CEA: yves-marie.bourien@cea.fr

Christoph Brunner, it4power: christoph.brunner@it4power.com

Thomas Sterckx, ELIA Engineering: Thomas.Sterckx@elia-engineering.com

Jorg Reuter, Helinks jr@helinks.com
Camille Bloch, Schneider Electric: camille.bloch@se.com
Joao Saragoc¢a, R&D Nester: joao.saragoca@rdnester.com

The OSMOSE project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 773406 =
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