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Systems Engineering Transformation
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SET Framework

+ Elimination of paper CDRL artifacts and
large-scale design reviews

+ Continuous insight/oversight via digital
collaborative environment and
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Effectiveness
optimization
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MBSE Integration Example
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MBSE Integrated Model Framework Example
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Phoenix Integration Brings A Team
with 20+ Years Of MBE & MBSE
Experience To Customers
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ModelCenter is an Integration Conductor
for both MBE and MBSE

Global Product Data Interoperability Summit | 2018

Copyright © 2018 Boeing. All rights reserved.
Copyright © 2018 Northrop Grumman Corporation. All rights reserved.
GPDIS_2018.ppt | 6

i ELYSIUM y ¥ L 8 UMM T

- e o “.I.I.I-.-.Iw.; OUET DATA 2 0 1 8 BOEING is a trademark of Boeing Management Company

+ ELYSIUM 3., | A



ModelCenter’s 3 Major Components
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ModelCenter Integrate
ModelCenter® Integrate * Automate

DRIVES PRODUCTIVITY o I n teg rate

f\ccuratgly exe.cute more simulations ° TO Create a Workflow

in less time, with fewer resources »

ModelCenter Explore
ModelCenter® Explore * |terate The Workflow
DRIVES INNOVATION ° Design Studies

Understand the design space, make better

decisions, and find optimal so'lutions » ® Optl m I Zatl O n S
* Risk/Reliability

ModelCenter MBSEPak

ModelCenter ® MBSEPak * Integrate Systems
ENARLES Mpse Engineering Models with

Integrate your SysML architectural

model with engineering analysis tools » DO m al n EX p ert M O d el S .
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ModelCenter Integrate
Integrate Any Simulation via an easy to use GUI
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Sample Multi-Disciplinary Workflow
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A ModelCenter User Can...

* Integrate just about any software solution — COTS or Home Grown software,
* Integrate and update CAD and SysML solutions as part of a workflow,
» Perform DoE, Probabilistic, Optimization, and Sensitivity Studies on the workflow,
* Allows nesting of existing workflows,
..So your organization can create a more robust, high fidelity analysis and design.
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Model as a Service (MaaS) OEM & Supply Chain Benefits
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Excel

Utilize MaasS to Share the Execution of Models but NOT the IP (Intellectual Property)
Across Your Organization & Supply Chain
IP is kept LOCAL, as only Key Parameters and Results are passed.
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MaaS Maturity Through Time (X) & Supply Chain Connectivity (Y)
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How Does MBE/MBSE Integration Work?
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PHOENIX

Integrated Workflows are created through the ModelCenter graphical environment.
Models and Workflows can be integrated from any location world-wide.

Inputs and Outputs of a Software Solution are easily stitched together.

Workflows can then be “Played” with new inputs through the click of a button.
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Create and Automate Workflows
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Contact Phoenix Integration for more details.

Video Demonstration of ModelCenter
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 ModelCenter Explore
i B  Iterate The Workflow
odelCenter® Explore . .
DRIVES INNOVATION ¢ DeSIQn StUdIeS
Understand the design space, make better ® Op tl m I Zatl 0 n S
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MDAO In Decision Making
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Reducing the Variables via Design Sensitivity Analysis
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ModelCenter Data Explore (Tradespace Visualizer)
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ModelCenter Risk/Reliability Analysis Benefits
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* INTEGRATION

 ModelCenter MBSEPak

ModelCenter ® MBSEPak . Integrate SyStemS
S Engineering Models

Integrate your SysML architectural

model with engineering analysis tools » With DO m ai n EX p ert
Models.
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MBSE — Moving System Engineering from Document to

Authoritative Source of Truth
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MBSE in a Nutshell
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MBSE - SysML
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The Four Pillars of SysML
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Behavior Requirements

Structure Parametrics

Phoenix Integration

ModelCenter®©
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Today: Connect SysML with Engineering Analysis
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Design Exploration with MBSE integration
SysML Model to ModelCenter
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Design Exploration with MBSE integration

SysML to ModelCenter
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Responding to a Change Request with MBSE integration
ModelCenter to SysML Model
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Responding to a Change Request with MBSE integration

ModelCenter with SysML model

Global Product Data Interoperability Summit | 2018

[B Magicraw180 - mdzip [ 1 T e )
¢ File Edit View Layout Diagrams Options Tools Analyze Collaborate Window Help x
DBE-DBHM-H - % 5 By~ i[3ceatedagan
B Contai.. | & Structure| 20 Diagrams | B Value .. [ Vehide Structure | [25 par_\ is | [ bdd F chedt” B x irE
Soctopent 22X 4P i BOBE A s - 0L  S EEERY =BEN Q[ 00% -
5w Q & - A
e nts [ BrakeRequirements JJ
1 Analysis
[ Designs
[ Requirements
[ Structure
B ki i
- - el Performance
equirement» «requirement» «requirement»
Emeshe  3asedRequirement» «PropertyBasedRequirement» «PropertyBasedRequirement»
% Diagram Overview |« " 1 1
= Dogramtesmd PINY Distance Brake Heating Brake Pad Life
pce d = 2" d = 3"
& requrementsoia.. ING Wheels shall be Text = "Braking at 60 miles per hour lowerBound = 36000.0 )
S:e;f"::‘ _ng the vehicle from 60 shall not generate more than 53 kW of Text = "Brake pads shall have a 2
2 satisfy less than 180 feet." heat at each wheel " projected life of at least 36,000 miles {g
: 2:: units = "kKW" under normal driving conditions, as per 3 g
Arace 0.0 upperBound = 53.0 industry standard assumptions." g 5
2 Verify e uE
S units = " § E
&3 TestCase Act... v % ..9
>4 c
29
=
§— ©
= z o5
Vehicle Properties S 2
= C
- =
B8 B pecientaton (ERTREENN equirement» «requirement» «requirement» g x
Documentation LIR854
D jon of Diagram hicle Weight Tires Rotor Diameter 2 %
Erme e AT 22
Id="5 Id="6 g o
le weight shall be equal to Text = "The tires shall have a 22-inch Text = "The brake rotors shall have a Qg
pounds." rolling diameter" 11-inch diameter." 2 g
c
8 o
>0
< [ » .
B /A Only ignored | (5
-‘," i.lllrl:rlw |'|I||| '-Iu-._:ul'll || '-Ia.ll:\ 2 0 1 8 BOEING is a trademark of Boeing Management Company
i T T Copyright © 2018 Boeing. All rights reserved.
Zl;.‘ ELYSIUM m NOnTHROP CRUBSMAN @Iﬂflﬂa 14 AsLUMMIT Copyright © 2018 Northrop Grumman Corporation. All rights reserved.

 ELYSIUM — . e e e

GPDIS_2018.ppt | 27



& MagicDraw Plugin
 MagiDras g File Help
L Project Fle: | C:
Propct e C: Viagkvam s seOomo Kot sheDemo i Select a Subject to Ans)
lect a Subject to Analyze
2 coiper
sadm
5 - fewce B
: P
= »u spingForce b
Vehce_par_Vehcesnsyse ® =s nomalForce b 1687.145838 | 1687, 145838
: & 4 pad
'y > brskce) real | 08 08
5 = s smcomeegh b | 30 30
= W [ Vaue Types = tidness n [ows 0275
= wu width n 20 0
Parametric Diagrams | Selection Fiter > cost wo | 33 33
7l vece ws effectiveRadus in 45 45
B oo vencenanss o heat | samwnr |sameor  fomsss..
- - n | seoisreszz) sois. sz of 1509m
s+ surfocchres  in? 6.0 60
2 rotr
*— 5 od n | no 1.0
= torque: bfft] 506.143751 | 506.143751
e
+a dismeter n 2.0 20
Rt ~a i - ey wesi | 0.3 0s
L= — v grosaiiegnt b |smo  |amee
i = s nbefthesks e & a
-~ - = speed. mph | 60.0 60.0
55 s A ’ o E & ﬁ\ s 2 ® &; B = stoppingDistance i | ez |reazmss o sTmen
Abau Ao ANSYS. Catie e e Locp LSOMNA  Mapchian MageDionD  Mathcad Matab  MSCNaskan [ Nodlawan I 3 Quchwie = stopTme s 3.959628 3.959628
= o m :g [ Resetvakes | C a R ] [Csavens.. |
|creste compenents: comgiete.
¥ MagicOraw Plugin [E=R =R ==
File Edit Help
Projectie: [C e |
selecta subject o anslyze Property wits ongnal New Morgn -lofx|
G o 1 wheel i
D brake ot Fl: = sd..
G0 Reaurements e x|
-3 Structure »= dometer in L5 L5 Property [uoes [ ongnal [ dew [ magn |
o e e —— b %0 0 = & s o L
-] calper - pressre o 0000 w000 —dometer W 13 15
- engne a8 sormgforce b 00 00 - ftordorce b 300 00
EHE Pod ~ e normaForce b 1687, 145838 1687.145838 o Zf::;‘:m f: ;ZT“ ;Tuw
'U‘ ‘::’!W' 3 pad - rormalForce b 1667145638 1687.145838
S L [E—— Resl 06 08 - &
i n 30 20 ool Rel 08 a8
g v;}.g;n in 0.275 4045 Porametric Diagrams | Selection Filter | o= centeriength  in 30 30 Four braking wheels shall be capable of stopping the
- v Ty n 20 g V5 vehe sk . Lt il vehicle from 60 miles per hour in less than 180 feet.
usd 3.3 4+ 5301 ¥ B par_vehicleanatysis uso 33 33
oo effectiveRadus n a5 4 4500388 Wi 4
st o 27807 fanms | Jomimie S S s R |
fomeife m =z 4 720000 #o.0mom m so 50
Parametic Diagrams | Selection Fiter| =+ sufacerea "z 6.0 & some n . -
1 vehide . o o [ bR soeuSL 0616751
[¥] B8 par_vehideanalyss i 506,143751 4 506.184099 n 20 20
Resl 09 0s
n 20 20 e rossiing b 0 o
Rasl 09 08 00
- grossiesht b 200.0 52000 i
o rumber OfVineels Integer 4 4 3959628
o speed o &0 0
s+ sopongostance n 178.22616 § s | Pamon SEeE| B B
s+ stopTime s 3.959628 $ 39m312
ResetVawes | | Create Components
Resdy. - . .
And Review/Verify Requirements
-‘," I-lll o Al |'|-|| £l |'| || '-Ialm BOEING is a trademark of Boeing Management Company
ROPERABILITY ) ) N
y 4 8 MIT Copyright © 2018 Boeing. All rights reserved.
4 ELYSIUM m NORTHROP GRUMMAN @aﬂflﬂa Copyright © 2018 Northrop Grumman Corporation. All rights reserved.
= N GPDIS_2018.ppt | 28
 ELYSIUM e e L e _ ppt |




¥ MagicDraw Plugin

¥ MagicDuaw Phugin. Eile Help
e ProjectFle: [C:
e Fie: g am ot O ot eoms e
Select a Subject to Analyze
seecta suect o ratae
15
5 20
. 100.0
2 2.0
@ v ncemaForce 1687.145838 | 1607, 145830
L # ] Transmicson & o
B N (e | wmbeake)  Real | 08 o8
Vel +m centerlength 0 | 30 30
Femercomas = 02 Vo Topes sutidness 0 | 0275 0.27s
o . - vidth n |20 20
o tctodyie Parametic Dlagrans | Seecton Fiter o> cost uso [ 33 33
v b effectveRodus 0 | 45 a5
1B o VehideAnalyss o> heat wi | samw07 5270007 o 0.29599.
o e mi | 3015789222 36015789222 o 15.789mi
o sufoceies ¢ | 6.0 o
casasan} - bl rotor
*— o a | ue 10
e torque ot sos.1aa7s1 0613251
5 tre
> cometer n | 20 220
i oo = e " - - trahy Real [ 09 0
= — - gossieht b | 200 2000
- - rumberOfivheels tntef 4
” - + speed moh | 600 @0
mos 4 © o I o2 M » B B m crgeme o | ovzee [ e s
s b i Coegn Ced Lmp LSOMA  Mapeu Mapd Vatcad Mot W Kol Pk Duhwie =+ stopTme s | 3omem  |asseem
e
L 4 [ Resetvakes | R | [Csovens.. |

(Create Components: compiete.

Domain Experts are using the same Analysis With the Same Values. ..
As the Systems Engineer...

¥ Magicraw Plugin
File Edit Help
Progectrie: [c Brakepemo.ndzp =)
Select a Subject to Analyze Property s prown ew Meron 3 Magichraw Phigin ~lo| x|l
BT  wheet Fle Hep
B Analysis
B 3 brake projectFl: G
4 caliper
E3 Requrements Arsivze x|
B0 Structure b e dameter n 15 15 Claliedhod property [wnts | orgnal | Wew | Magn |
B ke pr—— b 20 00 | e Al
-] calper = pressure . 1000.0 1000.0 e m 13 15
5 Dlengee e 5 w00 o0 = inctacroce B 300 300
& e - s ormaForce b 1697, 145838 1687.145838 bl e Lo ) el
b = ol = springporce
[;J Tee 3 pad e normalForce b 1687.145838 1687.145838
; [E—— Res 08 08 8
-] Tiansmission u = | - -
P = [ n 078 foss ParametricOiagroms | Stecton iter| E Four braking wheels shall be capable of stopping the
e 7
-7 Value Types n 20 4 Lssezazsassa... 9/ vehe byl a vehicle from 60 miles per hour in less than 180 feet
JE—— usd 3.3 4 s B par_Vehicleanaiysis 33 33
o+ effectveRadus n 45 4 4500385 . 45
s27oM07 S0 fass9
- hest ke 5207 Gl L HoisTm 01T 15T ,2
fomeife m 015780222 £ 70000  0.0000mi 60 6o
Parametric DIagrams | Selection Fiter =+ sufacerea "z 6.0 & some 5 -
)] vehice B ] T d 506143751 506143751
[¥] B8 par_vehideanalyss i 506,143751 4 506.184099 20 20
0s os
o 20 20 = grosseigt b 2w 2000
= rumberotheets vieger 4 h
Rasl 09 08 v speed
. wnss‘hhth b 3200.0 3200.0
s rusmbesOfieels Integer 4 4 3959628
o speed meh 00 0
B —— " voes 4 s e an] S| Bl -——-—J
o stopTime B 3959628 & 3o raste Componerss: complte
Reset Vaues Create Components
= With the same context as other

And Storing the Results in the Domain Experts and Systems Engineers!
Authoritative Source of Truth...

-‘," LOBAL PRODUCT DATA BOEING is a trademark of Boeing Management Company
4 a Isl: ! ILr”Flﬂl R 'I "y 2 0 1 8 Copyright © 2018 Boeing. All rights reserved.
i ELYSIUM m NORTHENSN GRSEARS O ooEINE Copyright © 2018 Northrop Grumman Corporation. All rights reserved.

 ELYSIUM e P e GPDIS_2018.ppt | 29



E MagicDraw Plugin
File Help

Project e [CMBSEARayzerExamples|CarBrakeDema\CarbrakeDemo mazp

Selecta Subjectto Anaiyae froperty
o L vehide

£ Analysis sl
w £3 Desgrs -
4 £1 Requrenents

brake

& £ Stctee - a3 calper —
Bt smaameer w15
" woroce b | %0
ps | 10000
e b | 500 500
- b | tear.isss | sesr.sesan
rea | 08 os
egh 0 | 30 30
s o | o 0275
a |20 20
wo | 53 3
Bvekadus 0 | 45 45
o | sameor |samor o
n | seoisreszz) sois. sz of 1509m
- e w0 | 60 60
n | 1o 1.0
wen| so.iaamsi | sos.10750
n |20 20
wesi | 0.3 0s
b w0 amee
| wie] +
- - woh | s00 @0
m s A8 & =B o i L] L L : f | vanms [1raames  Psman
oL oe Bk TR o o 2 o | nomen  Juosees
e
-
25 ® 3 ullty participating as a e

Domain Expert

e Values...
As the {

team, both utilizing the

E MagicDraw Plugin
File Edit Help

Project Fis: |C:MBSEANSlyzerExamples|CarBrakeDems \CarBrakeD:

same Models and Data.

Select 2 subject to anslyze Property
[ bata 8
B0 Analysis

B-E Designe
B0 Requrements

wheel
3 brake

e ments Viewer

x|

-0 Struchure
=1

Home.
-] calper s

B
B Ped
P
)

nds ‘Actual
180,007 WA

braking wheels shall be capable of stopping the
@ from 60 miles per hour in less than 180 feet

Parametric Diagrams | Selection Fiter

Fielding Technology

| & vehide
7] & par_vehideanalyss

Faster!

= stoppngDstance
s+ stopTime.

| Resetvaies | [ Creste Components

E——

= With the same context as other

And Storing the Results in the
Single Source of Truth...

Domain Experts and Systems Engineers!

£ ELYSIUM

P ITEN 2018

QO soEve
i ELYSIUM

i | -

FLarma

BOEING is a trademark of Boeing Management Company

Copyright © 2018 Boeing. All rights reserved.

Copyright © 2018 Northrop Grumman Corporation. All rights reserved.
GPDIS_2018.ppt | 30



GLOBAL PRODUCT DATA
INTEROPERABILITY

Tradespace SUMMIT

Exploration of #01%
MBSE and MBE &
Integrated o
Workflows m



mailto:tdavenport@phoenix-int.com?subject=GPDIS
mailto:jedwards@phoenix-int.com?subject=GPDIS
mailto:dmastrorocco@phoenix-int.com?subject=GPDIS

Stevens Institute / NAVAIR Study

Global Product Data Interoperability Summit | 2018

* Modeling Framework i
Requirements sverems
. HPC enabled | RS o
o S|ng|e Source Of Truth Transforming Systems Engineering through Model-Centric Engineering
* Integration of Multi- T e, 208

domain/physics models
* Method for Model Integrity

« Systems Engineering (SE)
activities... in the context of
a Digital Thread.

Blackburn, Mark, et al. SERC, 2018TR-103: http://www.dtic.mil/dtic/tr/fulltext/u2/1048002.pdf

c n r'n r T r‘ T BOEING is a trademark of Boeing Management Company

, i 5 U M M | -|- Copyright © 2018 Boeing. All rights reserved.

3.2 ELYSIUM m NORTHROP GRUMMAN @Iﬂi[ﬂﬂ Copyright © 2018 Northrop Grumman Corporation. All rights reserved.
- —— R GPDIS_2018.ppt | 32

(LS



Why Did You Choose ModelCenter?

Global Product Data Interoperability Summit | 2018

"During our earlier analysis with NAVAIR, when we
went out and visited industry, government, and
academi aé We Interacted w
21 onsi ttheyall issedtModelCenter. O

Dr. Mark Blackburn, Ph.D.T Stevens Institute
Systems Engineering Research Center (SERC)

Applications for Three Research Use Cases in Model Centric Engineering using ModelCenter and MBSEPak
STEVENS INSTITUTE OF TECHNOLOGY
https://www.phoenix -int.com/applications-three-research-use-casesmodel-centric-engineering-using-modelcenter-mbse-analyzer/

rWSUMM|72018

 ELYSIUM o e o

2+ ELYSIUM m NORTHROP GRUMMAN QL eoEne

ssssssssssssssss


https://www.phoenix-int.com/applications-three-research-use-cases-model-centric-engineering-using-modelcenter-mbse-analyzer/

