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« Subodh Chaudhari

« Sr. Application Engineer at Phoenix Integration

* Dave Mastrorocco
- Sales Manager, US East at Phoenix Integration

 ModelCenter the framework for Model Based Engineering
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Domain/Discipline Engineering:
Executable Analysis Model

Systems Engineering:

Architectural Model MBSE Pak
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Connect systems architecture models with
engineering analyses to calculate system
performance, check requirements, and perform
design trade-offs
Capabilities
Execute SysML parametric diagrams to evaluate
designs
Perform requirements compliance analysis using
modeling and simulation

Perform design trade-off studies Engineering Analysis
Update SysML models with analysis results
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 Modeling Framework

Requirements
« HPC enabled
« Single Source of Truth
* Integration of Multi-
domain/physics models
* Method for Model
Integrity
« Systems Engineering
(SE) activities... in the
context of a Digital

Thread.

......

SYSTEMS
ENGINEERING

EEEEEEEEEEEEEE

Transforming Systems Engineering through Model-Centric Engineering

Technical Report SERC-2018-TR-103
February 28, 2018

Report No. SERC-2018-TR-103

Blackburn, Mark, et al. SERC, RT-170: https://archive.sercuarc.org/publications-papers/technical-report-transforming-systems-

engineering-through-model-centric-engineering-4/
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Stevens Institute Phoenix Integration Webinar
Dr. Mark Blackburn, Ph.D.
Research Professor
Stevens Institute of Technology
Why did you choose ModelCenter?

“The key reason was:

« We interacted with over 30 organizations ... they all used ModelCenter
« Most advanced tools ... Some of the tools don't do that
« So you spend a lot more time working on the tools rather than looking at

the research”

Dr. Mark Blackburn, PhD.
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Cleaner, easier interface

Simple to use with repeatable integration patterns
Flexible enough with ANY systems language
Flexible enough to integrate with ANY modeling tool

Versatile to take us into the future
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Turbofan structure

bdd [Package] 02 - Structure [ Turbine Structure}l

«blocks

Turbofan

calc_SpecificThrust : SpecificThrust
calc_TSFC:TSFC

calc_Thrust : Thrust

calc_nozzle : Nozzle

core_engine : CoreEngne

ablocke
Atm ospheric Conditions

atmospheric Conditions | spacific heat : Real = 1000.0

fan bypass ratio - Real=50

fuel heating value :.Ng = 4 567 Jhkg {unit = Jig]
Mach number - Real =

specific thrust : N»s;kg 003 0 N-sikg {u
thrust specific fue! consumpnon tq; Ns=2 OE-
mass flow rate : kgis = 500.0 p/s {unit = kg's)
thrust : N= 4330000

LPCLnuressor HCompreszor

specific heatratio - Real=

ambent tenperature - K=2170
ambentpressure - Fa =
|gas constant for air : Real = 287.002

nozzle, burner, turbing, fan |1
«blockx «blocks «blocks xblocks
Nozzle Burner Turbine Fan

nozzle efficiency : %al
nozzle exit velocity : m's = 920.0

vaues
burner efficiency: Real= 10

compressor
ablocks
Compressor

fuelair ratio : Real = 0.02

burner pressure ratio - Resl=

compressor efficiency - Real=1.0
diffuser efficiency : Real=1.0
Cofrpressor pressure ratio  Real= 250
P02 : Pa=25000.0

T02:K=250.0

Compressor Type

Pressure ratio : Real

Efficiency : R=al

fan nozzle e{fnoenc_yhiéal =10

turbine efficiency : R231; 1.0
fan efficiency : Real= 1.0

max turbine inket temp - K = 1700.0
P05 : Pa = 100000.0 fan pressure ratio - Rzal=15%
ITt)f):K='.C)D(JO fan exit velocity - m's = 500
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Turbofan requirements

req [Package] 01 - Requirements [ Turbofan Requirements JJ

ereqguirements
Turbofan Requirements
Id="1"
Text="
erequirements grequirements erequirements
Off-Design Requirement Performance Requirements Geometry Requirements
Id="13" Id="12" Id="11"
Text = "The turbofan should Text = "The turbofan shall Text = "The turbofan shall
meet the off-design have a performance of at not have a diameter larger
performance requirements least a GE90 engine.” than a GE20 engine.”
in addition to specified
on-design requirements.” EF '
T | erefines
|
|arefings erequirements srequirements "
| TSFC Specific Thrust arequirsments
Ay Id="1.21" ld="122" Bypass Ratio
arequirements Text ="The TSFC of the Text = "The specific thrust ld="111"
Sea-level Static and Cruise Off-Design Points turbofan must be no more must be at least 120.1 Text = "The bypass ratio shall

d="131 than 1.56E-5 kg/N-5." N-sikg."

Text = "At Sea Level Static conditions {M=0, Pa =
101325 Pa, Ta = 288 15 K), Specific Thrust must be
at least 2000 N-s/kg, and TSFC mwust be no more
than 0.6E-5 kg/MN-5. At Cruise conditions (M=0.85, Pa
= 23842 3 Pa, Ta= 2188 K), Specific Thrust must be
at least 930 N-s/kg, and TSFC must be no more than
1.56E-5 kg/M-5"

not be larger than 9."
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ModelCenter MBSE

2 systems model ¥ | I New~ M Save™ P Run

Workspace Explorer

4 [¥] specific Thrust Analysis
£ Execution Result 1
£ Execution Result 2
4 [¥] Turbofan Analysis
£ Execution Requirement Failed
E] Execution Requirement Satisfie

Booo

%3 Turbofan Analy... x

Structure Elements

Mame Value
El L_é Turbofan
4 4 03 - Structure
4 Turbofan
4 = compressor
a g diffuser effic  1.0000
= @ po2 25000
= @ T02 250.00
= @ compressor| 25.000
= @ compressor: 10000
Ll E turbine
= @ T05 1000.0
= € max turbine  1700.0
= 4 turbine effici  1.0000
Analyses
© TSFC_Verification
- SpecificThrust_Verification
* BypassRatio_Werification
@ Turbofan

Systems Model Structure

oo

El L_E' Turbofan
4= 06 - Turbafan Designs
47 01 - Requirements
& 02 - Behavior
& 04 - Parametrics
& 03 - Structure
&2 05 - Support Data

Tooo

Analyses List

% BypassRatio_Verification
" SpecificThrust_Verification
% TSFC_VWerification

" calc_specificThrust

@ Turbofan

CITE1E]

11

Requirements

Requirements List

4 @ 1 Turbofan Requirements
4 a1l Geometry Reguirements
& 1.1.1 Bypass Ratio
4 @ 1.2 Performance Requirements
o 121 TSFC

& 1.2.2 Specific Thrust

4 @§ 1 Turbofan Requirements

1.1 Geometry Reguirements
1.3 Off-Design Reguirement
1.2 Performance Regquirements

-+1-H]-b
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N4 Analysis Editor =R X |

= Analysis Selection

Analysis Type:  Analysis Server -

Server Address:  aservi//localhost El

Current Path:  asenv://localhost/magicDrawtraining/calc_SpecificThrust

Server Browser

« %) aservy/flocalhost .

oooo

— Map Analysis Variables

Systems Model Structure | Reguirements List o e Ey Analysis Variables

Name Type - N Name Type
@ specific thrust Real a0
= atmospheric Conditic
H turbine
H nozzle

4 [ calc_SpecificThrust
= nozzle Vel Real
EPR Real
fan_Exit_\Vel Real
@ fuel heating value Real Mach Real
@ mMach number Real |
@ thrust Real

@ mass flow rate Real

gamma Real

Ta Real

<> fan bypass ratio Real fuelRatio Real

H fan
E burmer
= compressor

=
=]
=
=
= R Real
=]
=

[ g

oooo

specific_Thrust Real

E LPCompressor
@ thrust specific fuel co  Real
Turbine
Compressor
Burner
P Atmospheric Condition

< ambient temperature Real

necific heat ratio Real

+) Requirements Details

— Analysis Name: calc_SpecificThrust
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| =) Execution Requ... X | (% specific Thrust... X ‘ Systems Model Structure
4 ['F Turbofan
Struct El t )
ructure tlements 4 06 - Turbofan Designs
MName Value 4 01 - Requirements
4 CE Turbofan 4 02 - Behavior

b 04 - Parametrics

4 = 03 - Structure
4 Burner “ 'D EN;S;tZ::cture
= @ fuel-air ratic  2.0000E-2 Ean
4 Atmospheric Co Turbofan
@ g gas constant fi 287.00 Turbine
_ Compressor
= @ specific heat ;. 1.4000 Burner
@ §» ambient temp  217.00 Atmospheric Conditions
4 Ean 4 05 - Support Data
= @ fan exit velocit 350.00
4 Nozzle
@ 9 nozzle exit vell 920,00
| Turbofan

@ 9 Mach number  0.80000
= < spedific thrust  1000.0
= @ fan bypass rati  5.0000

oooo

Dooo Cooo

Analyses (2 of 2 selected) Analyses List

£ specificThrust_Verification " BypassRatio_Verification
¥ calc_SpecificThrust © SpecificThrust_Verification
- . TSFC_Werification

- calc_SpecificThrust
@ Turbofan
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| (%7 Specific Thrust... I =] Execution Resul... ¢ | =] eExecution Resul... 3¢ |

Results Completed: 6/27/2019 1:37:28 PM
Mame Initial walue Value Change Delta Delta %
- Turbofan
- 03 - Structure

- Burner
= fuel-air ratio 2.0000E-2 2.0000E-2 = 0.0 0.0

e Atmospheric Condition
= gas constant fora 287.00 287.00 = 0.0 0.0
= specific heat ratioc  1.4000 1.4000 = 0.0 0.0
= ambient temperat 217.00 217.00 = 0.0 0.0

- Fan
= fan exit velocity 350,00 350,00 = 0.0 0.0

e Mozzle
=] nozzle exit velocit 920.00 920.00 = 0.0 0.0

- Turbofan
=] hach number 0.80000 0.80000 = 0.0 0.0

= specific thrust 1000.0 1271.0 T 271.05 27.105
= fan bypass ratio 5.0000 5.0000 = 0.0 0.0
Requirements
Mame Satisfied Margin
4 @ 1 Turbofan Requirements
4 § 1.2 Performance Reguiren
& 1.2.2 Specific Thrust v 11509

oooo

uirement verification

systemns Model Structure

4 "5 Turbofan
k! 06 - Turbofan Designs
k— 01 - Requirements
b— 02 - Behavior
g 04 - Parametrics
4 [™7 03 - Structure
MNozzle
Fan
Turbofan
Turbine
Compressor
Burner
Atmospheric Conditions
k- 05 - Support Data

[FE=1-1=]

Analyses List

“° BypassRatio_Werification
- specificThrust_Werification
Y TSFC_Werification

¢ calc_SpecificThrust

i Turbofan

[FI=1=1=]

Requirements List

4 @ 1 Turbofan Requirements

1.1 Geometry Reguirements
1.3 Off-Design Reguirement
1.2 Performance Reguirements

-+]-H]-H]
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Performance calculation parametric diagram

par [Block] Turbofan[ Overall Performance Calculationﬂ

mass flow rate : kgls

atmospheric Conditions : Atmospheric Conditions ( cale_SpecificThrust : SpecificThrust
as constant for air : Real | R
‘ g i | calc_Thrust : Thrust
gamma |
| specific heat ratio : Real i Mass_|
Ta

n 71
| ambient temperature : K | Specific_Thrust

fan bypass ratio : Real BFR
Mach number : Real Mach

fan : Fan [1]

. specific_Thrust specific thrust : N-sikg
fan exit velocity : mis fan_Exit_el

Thrust

nozzle : Hozzle

‘ P TN v IOy - mis } nozzle Vel . ‘ thrust specific fuel consumption : kg/l-s

burner : Burner

fuel-air ratio : Real fuelRatio
[ i

calc_TSFC: TSFC

specific_Thrust

TSFC

fuelRatio
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par [Biock] Turbofan [ Core Engne |

— . e = aconstrants
= = = - core_sngine - CoreEnging
|amn|en|lnmpsralum:l<| .
el
| gas constant for 2ir © Real e censtant .
5 E ] @
pacific heat - Raal ]
[specinc neat ratio : Real | gEmma |
| ama——
~pa } =
|a|nman|pmuurs 1Pa i -
an -Fan [1] , el
- an_estt_ve
| fan axit valocity :mis | .
—
T ! 1 le_gtt
fan nozzle y - Real i il |
tan pressurs ratio - Real | "!UR. par [Block] Turbofan [ NuzzIeJJ
]
- fan_gtt
[fan y < Real S |
N pheric C iti Aty pheric C iti [ wconstraints
= calc_nozzle : Nozzle
COMPressor - Compressor 5 ] R
1 | gas constant for air : Real |
TozZ:K | o
|— :
. § FO2
P02 :Pa | specific heat ratio : Real
| aile
| compressor effclency - Real | compressor_er u
. . . S Pa
COM pressor pressurs ratio - Real '—.:mrzssor_:R. P :Pa

| dittu e -Real | diffuger_grt
| aimuser emciency :Rea | ™

turbine : Turbine

Durner :Burner

[ I T05: K 108
tio - iTuel_ratic =
.mal-alna 0 :Real ! u

| burner prassure ratio :Real | nJmer_JR. P05 : Pa POS
[MInorlmclsncy “Real | t-urrzr_err.

turbine : Turbing nozzle: Nozzle

05 K | s nozzle exit velocity : mis | nozzle vel.
B :
POS

|m5:Psi

= mfma I THR mae_urbine_iniet_temg u ’m‘ ! rozste Eftcincy
Sturhlng y -Real I -.urt-r:_:rr. \
["tan bypass ratio - Raal | by pass_ratia u
["tuer heating value :Jikg | ar .
— ;
.MTH num ber : Real | PvECI!.
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spedificThrustConstraint
Els (=) e

Properties: :AII

-

El Constraint
Mame
Qualified Mame

[} spedfication

Constrained Element

S

©

- —

|E| Specification

Edit Specification
Select language from the language list and
specify body in a dedicated editor.

Language:

'ModelCenter =

Body:

l Launch Analysis Editor... l

|<|W| r |

Expert [ QK ] [ Cancel ] [ Evaluation Mode ]

B Anciysis Editor wit— & [ —— i —

Connect constraint to ModelCenter

—

= Analysis Selection

Server Address:

Current Path:

Analysis Type:

asens/flocalhost

Analysis Server

aserv,/flocalhost/magicDrawtraining/calc_SpecificThrust

:
[

Server Browser

4 (88} acanr/facalhact

= Map Analysis Varnables

oooo

Systems Model Structure

Mame
nozzle_Vel
EFR
fan_Exit_Vel
Mach
gamma
R
Ta
fuelRatio

specific_Thrust

Type

Real
Real
Real
Real
Real
Real
Real
Real
Real

SN -

Analysis Variables

MName
4 [ calc_SpecificThrust

=] nozzle_ Vel

& BPR

= fan_Exit_vel
= Mach

4 gamma

a R

= Ta

= fuelRatio
== specific_Thrust

Type

Real
Real
Real
Real
Real
Real
Real
Real
Real
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Execution results

varametric diagram

2] Systems model *| | 13 New ¥

Workspace Explorer

4 [¥] specific Thrust Analysis
] Execution Result 1
=] Execution Result 2
- 'IS Turbofan Analysis
=] Execution Requirement Failed
] Execution Requirement Satisfied

 Save ™

oooo

| (%7 Turbofan Analy... x I ] Execution Requ... X | E5] Execution Requ... X

Results Completed: 6/27/2019 2:07:44 PM
Mame Initial Value Value Change Delta Delta %e -
- 03 - Structure Tl
- Turbofan
- COMmpressor
= diffuser efficienc 1.0000 1.0000 = 0.0 0.0
= P02 25000 28581 + 35814 14.326
= TO2 250,00 24478 ¥ 5.2240 2.0896
= compressor pre: 25,000 25.000 = 0.0 0.0 B
= compressor effic  1.0000 1.0000 = 0.0 0.0
- turbine
= TOS 1000.0 5698.95 ¥ 301.05 30.105
= max turbine inle 1700.0 1700.0 = 0.0 0.0
= turbine efficienc  1.0000 1.0000 = 0.0 0.0
= PO5 100000 28659 ¥ 71341 71.341 |5
= thrust ABB000 964679 T+ 476679 97.680
= thrust specific fue 2.0000E-5  1.2999E-5 4 7.0006E-6 35.003
= fan bypass ratio 7.0000 7.0000 = 0.0 0.0
= specific thrust 1000.0 19294 T+ 929.26 92,936
- burmer
= burner efficiency  1.0000 1.0000 = 0.0 0.0
= fuel-air ratio 2.0000E-2 2.5080E-2 T+ 5.0804E-3 25402
= burner pressure  0.90000 0.90000 = 0.0 0.0
- nozzle
Y L Ffirimn e a¥aYatal 10{21\”” —_— faWal nn
Requirements
MName Satisfied Margin
4 & 1 Turbofan Requirements
4 @ 1.1 Geometry Requiremer
G4 1.1.1 Bypass Ratio v 2.0000
4 & 1.2 Performance Requiren
G121 TSFC o 2.6006E-6
G 1.2.2 Specific Thrust v 1809.3

DooD

Systems Model Structure

4 (& Turbofan
k& 06 - Turbofan Designs
& D1 - Requirements
&3 02 - Behavior
' 04 - Parametrics
4 [ 03 - Structure
MNozzle
Fan
Turbofan
Turbine
Compressor
Burner
Atmospheric Conditions
& 05 - Support Data

Goo6

Analyses List

% BypassRatio_Verification

" SpecificThrust_Verification
5 TSFC_Verification

" calc_SpecificThrust

@ Turbofan

Gooo

Requirements List

4 @ 1 Turbofan Requirements

1.1 Geometry Requirements
1.3 Off-Design Reguirement
1.2 Performance Reguirements

-+1-F1-}]
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2 Systems model ¥ I New~ M Save™ P Run @Pan Executior@

Norkspace Explorer ‘ ‘ (% Turbofan Analy... x Systems Model Structure

=
B = S o % ~

Ouﬂjm‘s

?
Inputs

S

b
S Al Xl
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File Edit View Layout Diagrams Options Tools Analyze Collaborate Window

Help

Connect opaque behaviors to ModelCenter

DEE-08 & - ¥ Bh - i [3 Create Diagram
B Containment | Bg Structure | 20 Diagrams

Containment LR T ¢

7] Designs

] OpaqueBehaviors

§)- % dampedSimulation(m : Real, k : Real, ¢ : Real, x0 : Real, v0 : Real, dt : Real,
% dampedSimulation1{ m : Real, k : Real, ¢ : Real, x0 : Real, v0 : Real, dt : Real
& greaterThan( inputvalue : Real, maxValue : Real, decsion : Boolean )

q?u greaterThanZero( inputValue : Real, dedsion : Boolean )

% sumTwo( x1: Real=0.0, x2 : Real=0.0, y : Real=0.0)
tﬁ trueOrFalse( inputValue : Boolean, dedsion : Boolean )
HF, undampedSimulation( m : Real, k : Real, x0 : Real, vO : Real, dt : Real, x : Re:
[ signal
[ Structure |
[ Test

| ModelCenterMBSE.db

%% Zoom | [3) Documentation Properties

Zoom LB

() Notification Window | () Smulation |

VW GLOBAL PRODUCT DATA201 9
S INTEROPERABILITY
PV A S UMMIT

Spedification of Opaque Behavior properties
Spedify properties of the selected Opaque Behavior in the properties spedfication table. Choose the Expert or All options from the
Properties drop-down list to see more properties.

Edit Body and Language
Select language from the language list and specify body in a dedicated editor,

Language:
ModelCenter

sodf

Launch Analysis Editor,..

-

uctura

Cancel Evaluation Mode
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Initially release in October 2018
Initial feature set
API for vendor integration

Integration with PTC Integrity Modeler shortly after
Integration with MagicDraw

Integration with Vitech GENESYS

ModelCenter ® MBSE
ENABLES MBSE

Integrate your SysML architectural
model with engineering analysis tools »
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Cleaner, easier interface

Simple to use with repeatable integration patterns
Flexible enough with ANY systems language
Connect to system model elements

More flexible and powerful requirements verification
Update MBSE model with design

More native powerful integration with Behavioral diagrams

ModelCenter MBSE

GPDIS_2019.ppt | 22
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Integrated Model Framework Example NoRTHROP GRUPMPIAN

— = (1)
i Update System

= Descriptive (6) (2) Descriptive =

= Models Models

Integrated Model =
Framework

Used with Permission of NGC
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 Proven results at NGES with MBE with demonstrated

— Reduction in cost
— Reduction in schedule
— Improvement in delivered quality

— Higher customer engagement in the engineering process and satisfaction with the
results

Presented at Phoenix Integration International User’s Conference - April 14, 2015
- Guy Babineau, Chief Engineer

PR 2019 oros 2082
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SIMULATION PROCESS OVERVIEW

o i 1. Enter simulation settings 2. Initiate simulation from
6. Evaluate STK parameters; ; 2
_ and constraints. MBSE Analyzer.

return results to MBSE —

Analyzer.

7. Display simulation results for
each time step.

Simulating

. Retrieve parameter 4. Point to external 3. Step through the mission
values from STK. analysis tools. simulation.

Used with Permission of LM © 2018 LOCKHEED MARTIN CORPORATION. ALL RIGHTS RESERVED LOCKNEED MARTIN ,. pL
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Contact us:
Subodh Chaudhari - schaudhari@phoenix-int.com
Dave Mastrorocco - dmastrorocco@phoenix-int.com

Questions?
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