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About Intercax O

caX

Georgia Tech spin-off 2008
Location: Tech Square, Atlanta;

Pune IT Park, Pune, India

Focus: Software for MBSE

« Syndeia -
PLM/CAD/CAE/ALM
Integration with SysML

« SysML parametric solvers

Training, consulting, custom

appPs

gt - « 3500+ students since 2008

5 | RGN e Customers

gty iy « Gov: NASA, DoD, DoE

« Commercial: aero, auto,
transportation, consumer

& Y B2
7 :

goods, energy, mfg.,
healthcare
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O

The Engineering Software Universe cax

« Organizations deal with a diverse, multi-vendor engineering toolset.

« Organization create and store product/system data in a variety of tools,
models and repositories: PLM, ALM, CAD, spreadsheets, SysML models...

Detailed Design
PLM
Requirements Project
Mgmt
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The Engineering Software Universe cax

« The goal of MBE is to create a single, unified model (a Graph)
extending over all the tools and data repositories.

— Simulation —
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Why the Energy Sector Needs MBE

« Diversity of model types and tools

« Multip
* Multip
* Multip
« Multip

e disciplines — electrical, mechanical, software, .
e purposes — design, consfruction, operation

e scales — individual user to national grid

e stakeholders — financial, environmental, ...

« Resilience, safety and security are crifical
 MBE should expose unexpected chains of causation
» Predict emergent behaviors and vulnerabllities
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Bullding the Graph
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THE SYSML MODEL
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Total System Model Q

caX

MySQL
Project
-~ | Flow
o
Team-
center
Plant
Physical
Structure \ Plant
\ 7/ Software
: \ : / Structure
(.\‘ \
NP 4
| Plant |-
Plant
Behavior RGC]TS ] g
egen
SysML External
Element Tool

Copyright InterCAX LLC 2016 7



S Syndeia Dashboard (3.0.23) - Nuclear_Power_Plant 161118

=% Repository Manager = Connection Manager = .+ Connection Browser | . Connection Summary i Comparison Result | N\, Settings

P” SysML Model ‘=, Connection Type = DOORS NG ICAX 1

E-[= Data @ Reference =-{_)) DOORS NG ICAX 1

E-C0 Constraint Block Library

E-£1 1S0-80000

E MD Customization for Requirements

B+ MD Customization for SysML

E MD Customization for ViewsViewpoints

E-C7 Nuclear Power Plant Behaviors

E-F3 Nuclear_Power Requirements

B+ Nuclear Power Plant Specification

B-[A 2438 - Facility Specification

--IEI 2435 - Storage_and_Control_of_Licens

EH-[7 2436 - Access

[ 2437 - Facility Emissions Release

-8l 2429 - Reactor Subsystem Specification

EH-[3 2425 - Radiation Levels

EH-[3 2426 - Coolant Emissions

EH-[3 2427 - Coolant Pressure

- 2428 - Coolant Temperature

E-[E 2434 - Control and Safety Specification
--IEI 2430 - Containment Spray Injection 5y
EH-[3 2431 - Fail-safe Shutdown
EH-[3 2432 - Control Staff
- 2433 - Control and Safety Software

I F

(") Function Wrap
() Data Map

(@) Model Transform

e Automated Meter Reader (Water)
£) Unmanned Aerial Vehicle

-6 Fire Station

N =] Sandbox

1] Project_Requirements

1] Phablet Reqts

7-(-] DOORS Tutorial

7] UAV Demo Test

-2 Nuclear Power Plant Demo
i+-{] 2438 - Facility Specification
e+-{E] 2426 - Coolant Emissions
e+-[E] 2432 - Control Staff

[EI] 2437 - Facility Emissions Release

|_|"l1 2434 - Control and Safety Specification
e-[E] 2425 - Radiation Levels

[EI] 2433 - Control and Safety Software
e-{E] 2436 - Access

|_|"l1 2429 - Reactor Subsystem Specification

&+-{E] 2427 - Coolant Pressure
e+-{E] 2431 - Fail-safe Shutdown
[El] 2428 - Coolant Temperature

I

[EI] 2430 - Containment Spray Injection System

[EI] 2435 - Storage_and_Control_of_Licensed_M:

[ ficysodey youeas _,rﬂ’l

k

10:12:46 AM | 570M|of 1377M T
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Importing Requirements intfo SysML

€] Nuclear_Power Requirements [ Nucle; wer Plant REQ |

clear Power Plant

equirements
Requirements

2435 -

Storage_and_Control_of_Licensed_

Material

_ "Reguirement"”
Id="243

Text="The plant shall secure from
unauthorized removal or access
licensed materials that are stored in
controlled or unrestricted areas”

uirements
«000 Reguirements

2436 - Access

type = "Requirement”
Id="243
Text = "The facility shall have multiple,
reinforcing means for preventing access
by unauthorized personnel."

ments
equirements

2437 - Facility Emissions Release

Text = "The facility shall not release
more than 10 mil

more than 1 millicuries on any individual
day."

erequirement:
teguirement_|

ctor Subsystem

Specification

Text = "Radiation levels at any point
outside the containment housing shall
not exceed 5 rem."

arequirements
«DOORS-NG_Requirements

2426 - Coolant Emissions
pe = "Requirement”

adioactive impurities in the
pressurized water flow shall not
exceed 0.1 microcuries per kilogram "

arequirements
«DOORS-NG_Requirements

2427 - Coclant Pressure

Text = "Temperature in the
pressurized water flow shall not
exceed 200 degrees

Copyright InterCAX LLC 2016

G_Requirement_t
2434 - Control and Safety
Specification

"The system shall have a
ntainment spray injection system
inside the containment housing"

Text = "The reactor shall have a
fail-safe shutdown mechanism when
reactor safe levels are exceeded.”

<000 G quirements
2432 - Control Staff

staffed with three NRC-qualified
operators at all times.

4
‘Al control and safety software
shall meet all NRC software validation
standards."

caX
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Building the
SysML model

Project
Reqts

T c— — c— —— — — — — — —

Product
Structure
Software

Product
Structure
Hardware

>| Product | -
Reqts
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Project Requirements into Process Flows

req [Package] Project_Reqts [Project Requirements Phase 1 only] act [Package] Project_Flowr [Phase_1_Create_Project_Flan]

«DOORS_Requirement_Collection®
2480 - Project_Requirements_Spec

Each system development project will meet these requirements unless |’ Create_Project_Flow ‘|
specifically exempted by senior (VP or above) management. :1\ = =
b

«DOORS_Requirement»
2480 - Project_Requirements_Spec: :2469 - Project_FIow Preparation |
R

A project flow timeline shall be prepared by the product manager at the l’ validate Proiect Flow ‘|
beginning of the project. _rroject |

| |

7

«DOORS_Requirement® L |

2480 - Project_Requirements_Spec: :2470 - Project_Flow _Validation

)
Create_WBS ]

A project flow model shall be prepared and validated by the systems
engineering department based on the product manager's timeline.

«DOORS_Reqguirement»
2480 - Project_Requirements_Spec::2471 - WBS_Preparation rh

A work breakdown structure shall be prepared by the systems
engineering department.

«DOORS_Requirement»
2480 - Project_Requirements_Spec::2472 - WBS_Review

The work breakdown structure shall be reviewed and approved by the
product manager before going to the Product Plan phase of the project.
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Modeling the Project Organization

bdd [Package] Organization [ Organization EIDE:-J_J

wblocke

Organization

eng

pm

eblocks

Engineering

eleceng

SWENQ

NUCENg

SYZENQ

ablocks
ElectricalEng

ablocks
CodeEng

ablocks
HuclearEng

wblocks
SystemsEng

=13

ablocks
EE

SWE

ablocks
SWE

ne

wblocks
NucE

S5

ablocks
SE

sfe

ablocks
ProjectMgmt

pa

ablocks
PlantArchitecture

wblocks
SfE

arch pmigr

ablocks wblocks
Architect ProjMgr
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Linking Project Requirements,

Processes, Tasks

and Organization

bdd [Package] WBS[ WEBS Phase 1 Allecations BOD J_J

wreguirements
Project_Flow Preparation

wreguirements
Project_Flow Validation

waatizfys

waatizfys

areguirements
WBS_Preparation

areguirements
WBS_Review

asatisfys

azatizfyn

wactivitys
Create_Project_Flow

wactivitys
Validate Project_Flow

wactivitys
Create_WBS

wactivitys
Review WBS

wallocates

wallocates

wallocates

wallocatex

ublocks
wJIRA_Issues

Project_Flow Creation

ablocks
ProjectMgmt

ublocks
wJIRA_Issues

Project_Flow Validation

xblocks
SystemsEng

wblocks
wJlIRA_Izsues

WBS_Creation

wblocks
wlIRA_lzzuey

WEBS_Review
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Modeling the Power Plant Sfructure

bdd [Package] Nuclear_Power_Plant[ Nuclear Power Plant BDD lJ

sblocke
«WC_Parts

facility - Nuclear_Power_Facility

Huclear_Power_Plant

pWISYS

teys

gensys

CABSYS

wblocks
«WC_Parts

Pressurized_Water_Reactor_Subsystem

ablocks
«WC_Parts

Turbine_Subsystem

ablocks
«WC_Parts

Generator_Subsystem

ablocks
«WC_Part»

Control_and_Safety_Subsystem

cntn

wblocks
«\WC_Parts

Containment_Housing

core he

«blocks ablocks
«WC_Parts «WC_Parts

Reactor_Core Heat Exchanger

cr |1.* rsp

wblocks wblocks
«WC_Parts «WC_Parts

Control_Rod RadSafe_Pump

—irﬂ.j LE csis

tbn

wblocks
«WC_Parts

Turbine

pump

wblocks
«WC_Part»

Pump

wblocks
«WC_Parts

Cooling_Tower

wblocks
«WC_Parts

Fuel_Rod

sblocks
«WC_Parts
Control_Rod_
Actuator

zblocks
«WC_Parts
Containment Spray
Injection System

gen

cc

wblocks
«WC_Parts

Generator

«blocks
«WC_Parts

Control Center

dist

«blocks
«WC_Part»
Distribution

op |3.*

«blocks
«WC_Part»

Operator
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Modeling Power Plant Behavior

"act [Activity] Maintain Safe Conditions [ Maintain Safe C-Jnn:l'rticlns_]____

wall
sin : Sen=sor Integration Network

atl:
Mon ftor_PIant_Safeg

aj:

Mon i'tCrr_PIant_Safelﬁ
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Send
Shutdown
Signal

target

Send
Emergency
Shutdown
Signal
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Modeling Power Plant Interfaces

ibd [Block] Pressurized_VWater_Reacter_Subsystem|[ Pressurized_W

rcsw : Reactor Control Software

p1: Ctrl_cmd

R_data

rs : Radiation Sensor [1..7]

1_data ‘R data

:Pressure Sensor [1.7]
pZ: P_data

ibd [Bl

R_data

.

. pl0; ~T_data

ubsystem[ Control_and_Safe

sin : Sensor Integration Network
_data
~T_data

' data

~E_data

) _data

10 : ~T_data

' data

_data
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e

system IBD ]

pcssw @ Plant Control and Safety Software

p1 : Cirl_cmd

~|_data

| data p7 . ~Ctr|_cmd

Control Center

~|_data
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Total System Model

MySQL
Project
-~ | Flow
o
Team-
center
Plant
Physical
Structure Plant
7/ Software
/ Structure
NP

\
R \
it | Plant |-
Behavior RGC]TS

DOORS
NG
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Linking Power Plant Architecture and Simulation

ibd [Block] Nuclear_Power_Plant[ Nuclear_Power_Plant IBDJ_J

pwrsys : Pressurized_Water_Reactor_Subsystem tsys : Turbine_Subsystem gensys : Generator_Subsystem

pl : ~Stm

p3: Shaft [ —=] p1:~Shaft .
p2:~PW E 7 R2EAC E’]ﬁt"

pd - ~Cirl_cmd ps : T_data pE: HeatXfer 5]

p3  ~Crl_cmd 5 R_data p7 P _data pS W _data p7 T _data papiiidats

pé : ~Ctrl_cmd pé : P_data pé : ~Cirl_cmd pS : E_data
—

i} i}
£3) £4)
_data

! File Edit View Display Diagram Simulation Analysis Code Tools Help

p
[T
il

i} il B-o-8 HO-E-94OP = H-w  Em ) Q-
p3 : Ctrl_cmd pS : ~A_da p7 : ~P_data cassys: Control_and_5aj| Nudear_Power_Plant

pd : Ctrl_cmd ps : ~T_data Pt : Ctrl_cmd [P&| Nuclear_Power_Plant

p9:

Generator_Subsysten)

P1 Model Not Found

Control_and_Safety_Subs,
p

Model Not Found

Pressurized_Water_Reactor_Subsystem - Simulink third party support use

gensys

File Edit View Display Diagram Simulation Analysis Code Tools Help

-3~ @ HE © - ME = RO Wy v 100 @~ Turbine_Subsystempa

, Model Not Found
P [

Pressurized_Water_Reactor_Subsystem |

®

Pressurized_Water_Reactor_Subsystem b ps

pf

‘Cantzinment_Housing

o7

08,

Radistion_Sensar

Reacior_Gantral_Software
2

BEUE®

Pressurized_Water_Real

P2 Model Not Found

Temperature_Sensor

Pressura_Sensor

VariableStepAuto View 4 warnings 100%
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Using the Graph

- ACCESSING EXTERNAL DATA THROUGH THE SYSML MODEL

- COMPARING AND SYNCHRONIZING BETWEEN SYSML AND
EXTERNAL DATA
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Accessing CAD Files through the SysML Model cax

i E-O05 & - ' i@ eate Diagram
i File Edit View Lay

e Containment | & Structure | £ Diagrams 4
Containment

[ Comman
£ Note
[ Comment -
&5 Problem AR Slorage_and_CZ::1.JIBrc;I_crf_Li
E Rationale Material
i Element Group
% Containment = |
.-+ Abstraction
.1 Dependency
.74 Allocate
Image Shape
& Diagram mwar
Diagrar
Text Bo

Require
[H Require

) Nuclear Power Plant BDD

3 Nuclear_Power Requiremen
[0 Nuclear Power Plant Behav
[ Product_Development

arah P e [P

.3 Derive
4 Copy

4 Trace
4 Verify
- Refine

3 Test Ce
-~

Zoom' [2 Document.. Properties | [=) Notificati..

Documentation 2o x
Documentation of Requirement 2435 ri ntrol_...

[ HTML

symbaol at (778, 57 )
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Accessing Project Management Issues

[ MagicDraw 18.0 - Nuclear_Power_Plant 161118.mdzip [C:\Users\Dirk Zwemer\Documents\MD_Training\Nucleary]

‘0 -0 8-

: File Edit View Layout Diagrams

B Containment | & Structure
Containment

¥

) Diagrams

Options

com ) Document.. Properties | (= Notificati..

Documentation
Documentation of Block WBS_Review

[ Hr™mL

(LIRS 4

523 = E.h Create Diagram
Tools Analyze Collaborate Window Help

3 Common

=5 Note

[ Comment

= problem

= rationale

| & Block Definition...

[E1 Package -

= Block
Flow Spedi...
Interface B...

Internal Block ...

[T Part Property
[ Reference ...

Requirements ...
[Fl Requirement  *
[l Extende.
2 satisfy
3 Derive

a

53] ng Mech...
Stereotype

=] MetaClass

' Extension
Profile

.

> b

Ph: 4 » B

«
NuclearPlant._|

¥XJIRA

Dashboards ~

Syndeia Demo Bo:

WBS_Review

# Edit [,) Comment Assign

Details

Type: 4]
Improvement
Priority: A Major

Labels: None

Description
Click to add description

Attachments

Projects ~

Issues ~  More ~ Create

Start Progress  Resolve Issue

Status:

Resolution: Unresolved

files to attach, or br

Comments = Work log

There are no comments yet on this issue.
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History ~ Activity

Close Issue
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Search Q

@ O B @-

People
Assignee:

Dirk Zwemer

Reporter:
Dirk Zwemer
\otes:
0
Watchers:

@ Stop watching this issue

Dates
Created:

2 hours ago

Updated:
2 hours ago

23



i= Fa(lllty Emissions Release

[ Specification of Requirel

Documentati
Traceability
Language Propertie

Applied Stereotype

Source

ualified Name Nuclear_Power Requireme uclear Power Flani

rify Method

B Traceability
Owner Fadility Specification [/
Refin
Traced From E Muclear_Power_Flant [Hu
Derived
Refined By
Traced To
Verified By
Derived From
isfied By E Muclear_Power_Plant [Hu

Text
The textual representation or a reference to the textual representation of the requirement.

o filter propel

more than 1.
re than 1 millicuries

r_Plant]

r_Plant]

=% Repository Manager

_ﬂ

ity Specification

- artifact type (System Specificat...

- id (2438)

- name (2438 - Facility Specificat...

ity Emissions Release

.. 2436 - Acce:

- artifact type (Requirement)

- children [0]

- id (2436)

- name (2436 - Acces

- text (The facility shall have mul

.. 2435-

- artifact type (Requirement)
- children [0]

- id (2435)

- name (2435 - Sto

- text (The plant

2437 - Facility Em

- artifact type (Requirement)
- children [0]

- id (2437)

- name (2437 - Facility Emission...
- text (The facility shall not relea...

Copyright InterCAX LLC 2016

‘=, Connection Manager % Connection Browser

Latest Target

2438 - Facility Specification

- artifact type em Specification)
- id (2438)

- name (2438 - Facility Specification)

- description ()

2435 - Storage_and_Control_of_Licen...

2436 - Acc

2437 - Facility Emissions Release
2436 - Acc

- artifact type (Requirement)

- children [0]

- id (2436)

- name ['24“5 = Acc

- artifact type [_F’.equnement_]
- children [0]
- id (2435)

- artifact type (Requirement)
- children [0]
- id (2437)

- name (2437 - Facility Emissions Rel... Na
- description (The facility shall not rel...

=5 Connection Summary

IDs of SysML requirement "2438 - Facility Spe
AL requirement "2438 - Facility Spe

L requirement "2438 - Facility Specification” and ...

ML requirement "2435 - Storage_and_Control_of_Lice
L requirement "2436 - Access" and DOO IG requirem

ML requirement "2437 - Facility Emissions Release" and D...
onnected to the I...

DOORS-NG artifact type is same for both SysML requirement
L requirement and DOORS-NG requirement have the

of SysML requirement "2436 - Acc and DOORS-NG Re...

AL requirement "2436 - Acc and DOORS-N
L requirement "2436 - Acce
L requirement "2435 -
ML requirement
L requirement and DOORS-NG requirement have the
AL requirement "2435 - Storage_and
AL requirement "2435 - St
L requirement "2435
ML requirement "2437 - Facility Err
IG artifact type is same for both
L requirement and DOOR:
AL requirement "2437 - Facility Err
L requirement "2437 - Facility Err
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omparing Structure in SysML and PLM

ge] Nuclear_Power_Plant[ Muclear Plant Software ad Sensor

«
Nuclear_Power_Plant

pwreys

n ¥E |
«bl «blo
«WC_| Fartn «WC_|
Pressurized_Water_| tor_Subsystem Turbine_Subsystem

Reactor Contr i Generator
Software

S Syndeia Dashboard (3.0.23) - Nuclear_Power_Plant 161118
= Repository Manager | = Connection Manager

Type here to filter connections

S Syndeia Dashboard (3.0.23) - Nuclear_Power_Plant 161118

=% Repository Manager | =, Connection Manager .4 on B r | == Connection Sum

JLINK_MOQ
LOCK_WC_PART_MOI

Go to..

Open Target

Compare SysML & Target
Sync SysML -> Target
Sync Target

Delete Connection(s)

Turhlne_buhsystem [_A...Turtune_buhsystern [_A...The block Turbine_Subsystem is connected to Windchill part Tur... =

ps : Pressure Sensor ps : Pressure Sensor (... ps @ Pressure Sensor (...

pump : Pump pump : Pump (A.1) pump : Pump (A.1)
tbn : Turbine tbn : Turbine (A.1) thn : Turbine (A.1)
tcsw @ Turbine Control : Turbine Control sw : Turbine Control
ts : Temperature Sensorts : Temperature Sens s . Temperature Sens
twir : Cooling_Tower twr : Cooling_Tower (... twr : Cooling_Tower (

vs : Vibration Sensor (...

Part property ps and part occurrence ps have the same names a
Part property pump and part occurrence pump have the same n...
Part property tbn and part occurrence thbn have the same name
Part property tcsw and part occurrence tcsw have the same na...
.. Part property ts and part occurrence ts have the same names a...
... Part property twr and part occurrence twr have the same name...
Part occurrence in Windchill has no corresponding part property ...

12:59:16 PM | 551M cl-f 1057M | T
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How can linked models protect proprietary datae cax

Prime's Model Shared Model Subcontractor's Model

—,

Shared Proprietary <:> Selective
Data Data Synchs
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Querying the Graph

- VISUALIZING THE INTERMODEL CONNECTIONS
- VISUALIZING EXTENDED CHAINS
- QUERYING THE GRAPH DATABASE (PROTOTYPE)
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Bl DOORS NG

Totals (Inter-model analytics)

'-_.. S|mul|n|< # connections (c) =

# connected artifacts (a) =

connection density (c/a) =

@
[ 230
@

Displayed (Inter-model analytics)

Repositories (Artifacts per repository)

v

File system repositories
¥ Simulink (45 artifacts)

¥ Simulink_Shared (0 artifacts)
¥ Excel (2 artifacts)

¥ SampleDocs (0 artifacts)
SysML

¥ Creo_Models (0 artifacts)

X ¥ NX_Models (1 artifacts)
(MagicDraw)
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Directed Visudlization

File system repository

Windchill repository
DOORS-NG repository

JIRA repository
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Query: Show
me all the
SysML

requirements

Requirement{27)

Product_Devel...

Product_Devel... Product _Devel...

Product_Devel...

Product_Devel...

Product_Devel.. Comsrmen =+ Product Devel...
o

Product_Dewvel...
I.; Sy
Y
Yy

Product_Dewvel...
Product_Devel...

Product_Dewel...
Product_Dewel. .

Muclear_Power
Requirsments:..

Muclear_Power
Requirements:..

Muclear_Power
Requirements:...

Muclear_Power
Requirements:.._ Muclear_Fower

Requirements:...

Muclear_Power
Requiremants:...

Muclear_Power
Requirements:.._

Muclear_Power
Requirements:...

Copyright InterCAX LLC 2016

]
Y

Muclear_Power  Cutat

Muclear Power Ceplgirmmert Requirements:. .

Requirements:. .

R e

Muclear_Power

Requirements:...
Muclear_Power

Reaquirements:. .

Muclear_Power
Reaquirements:..

Muclear_Power
Requirsmants:..

Muclear_Power
Requirements:. ..



Query: Show
me all the
SysML
requirements
connected 1o
Jama
requirements

Copyright InterCAX LLC 2016
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Query: Show

me all the

S ys M L Requrementer

requirements -
the Nuclear < - &
Power Plant

Muclear_Power

Muclear_Power

block or its |

ole rts must tucsr Pover a, tucar Poner
satisfy directly

Muclear_Power
Requirements:... Muclear_Power

Muclear_Fower Requireaments:...

Fequirements:._.

Muclear_Power
Requirements:...

Displaying 21 nodes, 20 relationships (completed with 13 additional relationships).
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Query: Show me all the SysML blocks affected by
Fail-Safe Shutdown requirement

sysml_id

sysml_id

sysml_id

_18.0 5 17d10425 1466947640830 _4189 14608
Muclear Power Requirements::Nuclear Power Plant

Specification::Control and Safety

Specification::Fail-safe Shutdown

_18 0_5 17d10425_1466947640830_4189_14608
Muclear_Power Requirements::Nuclear Power Plant

Specification::Control and Safety

Specification::Fail-safe Shutdown

_18.0 5 17d10425 1466947640830 _4189 14608
Muclear Power Requirements::Nuclear Power Plant

Specification::Control and Safety

Specification::Fail-safe Shutdown

Returned 3 rows in 35 ms

sysml_id

sysml_id

sysml_id

_18 05 17d10425_1466948151445 158775_1674
Nuclear_ Power_Plant::Reactor_Subsystem::Reacto

r Control Software

_18 0_5_17d10425_1466902708046_205920 1291

F

Muclear_Power_Plant::Reactor_Subsystem::Pressu

rized_Water Reactor_Subsystem

_18_0_5_17d10425_1466852985191_969107_1277

2

Muclear Power Plant::Nuclear Power Plant

Copyright InterCAX LLC 2016
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Requirements:._
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Query: Is GitHub file “Plant_Safety_Software” cax
connected to DOORS requirement %2433 -
Control and Safety Software’e

_18 0 5 17d10425 1466548160420 108926 167
sysml_id
48

1
sysml_id f_'

Muclear Power_Plant::Control and Safety
name ) ) )
Subsystem::Plant Control and Safety Software name

Returned 1 row in 17 ms.
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Bullding a Bigger Graph

- USING YOUR MODEL IN A LARGER MODEL
- PERFORMING PARAMETIRIC ANALYSES
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Energy System Model Integration cax

Regional Energy Model

Profitability Economic Environmental

Analysis Analysis Analysis

Demand Model

Supply Model D'ﬂfggfn Demand Shiffing
SmartGrid
1. I 1% I |
Other Energy Sources Nuclear Power Plant Industrial Users SmartHome

Residential Users
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Smart Grid Model

dsb1 : DemandSupphyBalance

balanceByPeriod : MW [1..7]

gen_domain |

wblocks
Bulk_Generation_Domain

timePeriod : Hrr- )
costByPeriod : SkW-hr [1..7]
totalSupplyByPeriod : MW [1..%]

spurce |1.*

cost Ops ;&

lifetime - r

capacity

timePeriod : Hr
cost_Wariable
cost_Capacih
cost_Fixed : SMiyr
power : MW [1..7%]
totalPeriodCost | SM [1..7]

bdd [Package] SmartGridSupphyDemand [ @ SmartGrid_Domain_BDD ]

wblocks
Smart_Grid

nis

ops_domain |

wblocks
Operation_Domain

pri.:eEl}-'F'erin;j -
profitFactor : Real

o PE_pricin

Copyright InterCAX LLC 2016

cust_domain |,
ablocks
Customer_Domain

totalDaivExpense
totallemandByPeriod :

custmr |1..*

) ablocks
- Customer

bazelemand
timePeriod : Hr
expenseByPeriod
daivExpense : |
effectiveDemand :

caX
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Smart Home Model

wblocks
CostSavingsAnalysis

constraints

pel : PowerShift

dpcopt : DailyPowerCost
dpcunopt : DailyPowerCost
cd1 : CostDiff

bdd [Package] AnalysisBlocks [ Analysis BOD lJ

dailyCostUnopt :
dailyCostOpt : §
dailyCostDiff : &
perLowOptim : Real

wblocks
HomeHVACAnNalysis
hctrla ohha it
COMnsirains

ablocks ablocks hol : HomeP
HVAC Controller OptimizedHomeHVACAnalysis Bl - Aomerower

values constraints T T
shiftAllowance : Real oof1 : OccupOptimFac ValLes
ohp1 : OptHomePower tout : Deg_F
power . KW

values
occOptimFactor : Real -
opt_power : KW perLowCost : Real

hha z 1.%
ublocks «blocks
HomeHVACAnalysis Smart Grid ablocks

coristraints rstraints ZoneHVACAnNalysis

hp1: HomePower occavgl : Occupdvg

values values references
tout : Deg_F costLow : SpKwhr -

power : KW costDiff : SpKwhr Zl'l_l".".-f “Zone

perLowCost : Real occhwvg : Real

occWolatil : Real values

Yol

tset : Deg_F
power ;. KW
tout : Deg_F
occupancy : Real

«blocks
ZoneHVACAnalysis
references

zn_ref: Zone

values
tset: Deg_F zv_ref ts_ref

KW
fout - Deg.F zblocks blocks ablocks ablocks

_— T KitchenZoneHVACAnalysis RoomHVACAnalysis Zone Vent Temp Sensor

constraints constraints values values
zv_ref ts_ref khp1 : KitchenHWVACPower rhp1 : RoomHVACPower k1 :W_per_M3 Deg F tset : Deg_F
ablocks, ablocks ablocks «blocks k2 :W_per_M3 Deg F

KitchenZoneHVACAnalysis RoomHVACAnalysis Zone Vent Temp Sensor references
constraints constraints es values app_ref : Appliances [1..%]

khp1 : KitchenHVACPower rhp1 . RoemHVACPower k1 :W_per_M3_Deg_F tset : Deg_F

k2 : W_per_M3_Deg_F valles

references
app_ref: Appliances [1..7] k3 : Real

valles

k3 : Real
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bdd [Package] EnergySystem|[ @ RegiunalEnergdedu

wblocks

Supply : MW
Demand : MW
Envimpact : Real
Econlmpact : Real
Profit : SMArT
Cost : SikW-hr
Price : S/KW-hr
EnvCost : S/KW-hr

Regional_Energy_Model

alues

I i1

wblocks

Profitability_|

Profit ; SMiyr
ProfitFactor : Real
Demand : MW

Cost : 3KW-hr

Price : $/KW-hr
Supply : MW
NationalCost : S/kW-hr
PH : Profitmpact

PC1 : PriceCalc

Envii1

Ecli1

ablocks

Environmental_Impact_Model

ablocks

EnvCost - S/OA.
Supply : MW
Envimp : Real

Supply : MW
Demand : MW
Environimpact : Real
Econlmpact : Real

EM : Economiclmpact

Econamic_Impact_Maodel

Energy
System
Analysis

wblocks

ray_Supply

Regional_Ene

Supply : MW
Cost_Ops : S/kW-hr
Cost_Envir : S/KW-hr

TP1 : TotalPower
WhAops : WeightedAverage
Waenv : WeightedAverage

values

consirainis

Plants |1.*

xblocks
PowerPlant

par [Block] Regional_Energy_Supply [ E:':El Regiunal_Energy_SupplyU

ConsumerElasticity : Real
IndustrialBaseDemand : MW
IndustrialElasticity | Real
Demand : MWW

Price : S/kW-hr
ConsumerDemand : MWW
IndustrialDemand : MWW

values

ConsumerBaseDemand : MW
BasePrice : S/kKW-hr
ConsumerElasticity : Real
IndustrialBaseDemand : MWW
IndustrialElagticity ; Real
Demand : MW
Price : S/kW-hr
ConsumerDemand : MW
IndustrialDemand : MWW

consiranis
de1 : DemandElasticity
de2 : DemandElasticity
td1 : TotalDemand

zconstraints
TP1: TotalPower
{tp = sumipj;

tp:ww [

avalueTypes [
Supply : MW

Plants : PowerPlant [1..%] wequals «eguals pMW

Power : MW B4 &5
wEq ‘ﬂln

eb

| Total_Cost_Ops : SMiyr }_ pls

‘ Total_Cost_Environ : $Miyr I

azconstraints
Waops : WeightedAverage
{c = sumitc) / sumip) /8.75}

o smw-hr [

p MW wvalueTypes [

Cost_Ops : $/IkW-hr

e Shyr

wcenstraints
Waenv : WeightedAverage
ic = sumiic) / sumip) /8. 78}

p: MW

aequals
ed

c : SKW-hr Cost_Envir : $/kW-hr

tc: SMiyr
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Demand

Energy
System
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 AﬂOlYSiS

e Factory_| ——Neighborhood_]1 Time Period (24 hour day)

Impact of Supply Reduction

1500

1400

/ 1300
// 1200

1100 —#—Econ Impact - Coal Cutback

\ 1000 —=—EconImpact -Muclear Cutback
T ——

Envir Impact - Coal Cutback
- 900

Supply-Demand Balance

== Envir Impact - NuclearCutback

Supply/Demand (MW)

800

70.0

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

T T T T T T EDD
Time Period (24 hour day) 7600 74000 7200 7000 6800 6600 6400
Supply (MW)

=—Total Supply (MW) —FEffective Demand

Copyright InterCAX LLC 2016



O

caX

Why MBE Should Look Like Facebook

e |t should
e |t should

tell you what's happened overnight
be available 24/7 from multiple portals

« All your friends should be on it
 You can comment on your friend’s stuff
|t should protect your private information

* |t should make you aware of connections you didn’t
know existed
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Ccax
Summary

« The goal of Model-Based Engineering is to create a
single, unified model (a Graph) extending over all the
tools and data repositories the energy industry uses.

 MBE Is more about creating and exploring connections
than making lists or building structures.
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Questions and Comments?e cax

www.infercax.com
email info@intercax.com
blog www.intercax.com/blog
Twitter @intercax | LinkedIn intercax-lic
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