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Key Observations:
1. Single-Purpose Functions
2. Proprietary & Silo’ed systems
3. Latent, Error-prone Data

4. OT/IT/Telecom Disconnected
5. No Field Interoperability!
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Enhancing DER Integration with OpenFMB

Any Medium /

3G, LTE, Wi-Fi,
Fiber, Ethernet,
RF ISM, or PLC
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Key Observations:
1. Multi-Purpose Functions
2. Modular & Scalable HW&SW
3. End-to-End Situational Awareness
4. OT/IT/Telecom Convergence
5. True Field Interoperabi (,.SOPEN
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* Periodic Readings - Pub every few
secs or near-real-time
Data-Driven Events — on status

change in near-real-time

Readings
KW A/B/C

KVAR A/B/C

V A/B/C

| A/B/C

Phase Angle A/B/C
KWh

TimeStamp

NG

State of Charge :
Status, Events, Alarms, & Control N

Trip / Close Recloser / Switch  Meter

TimeStamp

Grid Edge Analytics

S v B

Security/SDN
Policy Manager

Microgrid
Optimizer
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OpenFMB Framework Life Cycle
Business . . .
Case * Business-driven solutions
e Functional and non-functional requirements
e Interaction and sequencing Use Case
UML * Profile of applicable, existing data model

* Common software definitions and language XSD and IDL

Apps and Adapters * Software tools to allow actors to interoperate

» System integration and validation testing @Field

* Updates and versioning
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OpenFMB Modeling Approach
 Top-down business

driven
* Layered architecture use Case Lopel

— Start with use cases and
requirements

model /

* Using Sparx EA as modeling

tool ~ Integration Design La

— Traceability among the — == T g
layers

« Model driven artifacts " Data Model Layer
generation

. .
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uc Microgrid - Unscheduled Islanding Transition /

— Structured in a single UML -~ Data Requirements

SEQ-001 Recloser to Publish Status Event |

1 + Publish RecloserEvent to subscribers following the generic Event (Protection) Pattem

reclosermodule

+ RecloserControl Profile
+ RecloserEventProfile

+ RecloserReadingProfile
+Recloser

+ RecloserControl

+RecloserStatus

—




Duke Energy Microgrid Test Site: Mount Holly, NC

.
Islanding Switch |8
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Battery & Load-bank |4

Behind the meter and control room




250kW/250kWh ATL
Battery Energy Storage
System

o

.‘\

/ra “1*(‘

Not Pictured
100kW Output  Hanwha model 305 HSL72 Parker 100kVA Inverter 380 Polycrystalline Panels

10kW Output 310Watt HSL72 ABB PowerOne Uno 8.6 kW 30 Polycrystalline Panels
500kW Avtron Load Bank
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* The data exchanged between the devices and systems are
modeled in UML Class Diagrams based on standards.

Reference Models

IEC 61968/61970/62325 Other standards (if needed)
(CIm)
\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ /
\ /

\ /
\_

OpenFMB UML Model
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Reference Models

Reference Model

* Standards such as IEC CIM & IEC 61850
* Provide objects and relationships for OpenFMB

Standard UML requirements

* Application independent, but defines all concepts

needed for any application

Context (Profile)

v Contextual layer restricts information model

and extends as needed
OpenFI\/IB e Cherry-picking reference model for given profile

Proﬁles Restrictions and extensions
* Mandatory and optiona
* Propose extension to the standards / reference models
Message Syntax v Message syntax describes format for instance
Message/File data
Format * Model driven artifacts generation

(XSD, IDL and . Serlallzahpn oflnsjcance data o
* May modify container or associations for message

etc.) payloads
* Mappings to various technologies can be defined
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Platform Independent Mode

Logical model (Profile) built based on the mapping

commonmodule::Container

+ logicalDevicelD: string
+ timestamp: dateTime

RecloserEventProfile

Recloser

+ normalOpen: boolean [0..1] —|>

RecloserStatus

commonmodule::
IdentifiedObject

+ mRID: uuidType [0..1]
+ description: string [0..1
+ name: string [0..1]

commonmodule::Status

+ isBlocked: boolean [0..1]
+ switchStatus: SwitchStatusKind [0..1]

P>

+ qualityFlag: HexBinary16 [0..1]
+ timestamp: dateTime [0..1]
+ value: string [0..1]




* Physical
implementation
artifacts such as XSDs &
IDLs are generated
from the logical model

Recloser

RecloserStatus [-]

E g’
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Module Structure ‘%"=

4 5] OpenFMB Model
d Qverview
b (] Actors
b [] Use Cases
» [_] Requirements

* (Qverall model structure

> Sequence Diagrams
4[] OpenFMB Information Model
4 ] openfmb

| 4 |_] batterymodule

3 BatteryControlProfile
3 BatteryEventProfile
3 BatteryReadingProfile
> [E] BatteryStatus
& BatteryControlProfile
& BatterySystem
> [E BatterySystemControl
& BatteryEventProfile
& BatteryReadingProfile
» ] commonmodule
» [ generationmodule
» [ interchangemodule
> (] loadmodule




XSD Generation Tool

sreoty... Target Type

Target In Diagr... Target Role  Source Role
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e
e Import XML Sche
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- mxt b Copy / Paste 4
e Import WSDL..
- — 4+ Moveup
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pd ] Reset DBMS Options... Contents )
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IDL Generation Tool

i . Extensions ) ArcGIS 4

Release - Enterprise Architect |
@ Propetti GML »
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Add a Package... Microsoft Visio ¥ on (2 "none" for example)

b [] Requirements
Add Diagram...

b [] Sequence Diagrams
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‘ 4[] openfmb Package Control ’
b (] batterymodule

Add Element...

EE 58 F &5

b ] commonmodule Copy/Paste g
b [ generationmodule | Moveup
b [] interchangemodule ¥ Move down
b [] loadmodule Contents ’
b [ reclosermodule & Find in all Diagrams... ctrl+u
b [ resourcemodule
» O securitymodule Documentation '
b D solarmodule Code Engineering 4
b (] weathermodule Execution Analyzer
Import/Export vy
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Module 5
e Common Module Module 4

contains reusable

classes shared
(imported) across other

Module 2

modules Module 1

 Each module may
contain multiple profiles




Namespace

 Namespace for all individual module
— http://openfmb.org/<version #>/openfmb/<Module Name>

* e.g.
http://openfmb.org/2016/11/openfmb/reclosermodule




Version Control

 Two types of update in terms of version control:
— Backward NOT Compatible:
* Namespace updated with new version #
* Version # updated in header
— Backward Compatible:
* Namespace NOT updated
* Version # updated in header



| Generate XML Schema

Source :
b : RedoserControlModule ‘

Encadg: uncode (UTF-9) ) [ oefat_]

XSD Style

XSD St
|V|Generate dlobal element for all alobal ComplexTypes ( 'Garden of Eden'$

I —

Referenced Package Options
Generate XSD for Referenced packages | [ Use relative-path to reference XSDs
[ Prompt when missing Flename (if'schemalocation' tag s empty )

* Global
level
element &
Type

— Garden
of Eden

Chid Package Options
Generate XSD for Child packages © Indude all packages
Include <XSDschema > packages

Package Filename
RedloserCont... RedloserControl.xsd

vewstena | [ Geeate | [ cose | | e |

Progress:




Reading (both analog & discrete)
Control & Control Schedule

Event

— Alarm
— Informational

— Protection
— Workflow
Status
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Discussion - Q&A
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