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* Who are we? What we do?

* Our Capella-based systems engineering
workflow

Summary

 Which softwares are we integrating with
Capella?
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Synchrotron Laboratories

In essence, giant and powerful microscopes!

* Large scientific infrastructure that produces a broad-spectrum light, used to
investigate the structure of materials and their interactions in high resolution
* Recently upgraded to 4" generation, granting better imaging capabilities at its

beamlines
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4th Generation Synchrotron Labs

Recent greenfield or upgraded facilities

* Upgraded magnet arrangement for granting better light properties through better electron

focalization and trajectory stability (~100-1000x gain from previous generations!!)

SIRIUS HEPS (construction)

Energy 6.0 GeV
Epergy 3.0 GeV Circumference 1360 m
Circunference 518 m

Campinas

APs-U MAX IV
Energy 6.0 GeV Energy 3.0 GeV

Circumference —— 1103 m — Circumference 528 m
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Make use of new
experimental
techniques

~

[]

diverse materials

Understand/unravel = ’ ). r‘“}
the structure of oy = , 7 D 11l
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Sirius/LNLS Mission

Employing new technologies
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mechanisms and processes ’

Validate and create
new technologies
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CNPEM/Sirius

@ O CNPEM

Not the Obeo Eclipse tool, but a particle
accelerator instead! ©

2nd Synchrotron Laboratory in Brazil,
replacing the 1st one (UVX: 1989-2019)

One of the brightest lightsources in the
world, having only 3 other comparable at
the moment (all in Northern Hemisphere)

Research facility open to users worldwide
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CNPEM

- CNPEM

*  Brazil's National Center for Research in
Energy and Materials - CNPEM

* 4+1 National Labs

e LNLS/Sirius - Synchrotron Lightsource

* LNBR - Bio-renewables

* LNBio - Biosciences

* LNNano - Nanotechnology

¢ LNPP/Orion - Max. Biosafety (construction)

e Beamline Eng. Division (DEL)

«  MArE Group - Modeling and Architecture of
Experimental Systems
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Sirius/LNLS People

Divisions and Groups

Soil Sciences Advisor

Dean Hesterberg

CNPEM

José Roque

LNLS

Harry Westfahl Jr.

Executive Assist.
Priscila Alves

PM &BI
Marcelo Xavier

Condensed Matter
and Material Science

Narcizo Souza

Extreme Conditions
Ricardo Reis

RIXS & NAP-XPS
Tulio Rocha

Heterogeneous
and Hierarchical Matter

Hélio Tolentino

Tender X-Ray Nanoprobe
Carlos Pérez
pand nano - CT
Nathaly Archilha

Soft and
Biological Matter

Mateus Cardoso

p—MX
Andrey Nascimento

Accelerators

Liu Lin

Accelerator Physics
Ximenes Resende

CDI & XPCS
Florian Meneau

Accelerators Operations
Walter Marchesini

ARPES
Wendell Simées

XMCD & PEEM
Julio Cezar

Extreme Therm. Cond. Labs
Danusa do Carmo

3 Scientific Divisions

XPD
Cristiane Rodella

p and nano - FTIR
Raul Freitas

Radiofrequency
André Lima

XAFS
Amélie Rochet

Microsc. Samples Labs
Ingrid Barcelos

(~150 ppl)

SAXS
Leandro Barbosa

Pulsed Magnets
Fabio Arroyo

SRCD
Juliana Yoneda

IDs and Photon Diags
Sergio Lordano

Chemistry & Bio Labs
Simone Betim

4 Engineering Divisions

Data Acquisition
and Processing

IDELICINEVCICH

Detectors
Jean Polli

Electronic Instrument.
Fernando Cardoso

Control Software

Ana Oliveira

Data Science & Management
Allan Pinto

Scientific Computing
Eduardo Miqueles

(~210 ppl)

Beamline
Engineering

Lucas Sanfelici

Model-Based Architect.
of Experim. Systems
Gabriel Moreno

Optical Systems
Bernd Meyer
Precision Mechatronics
Renan Geraldes

Embedded Controls
Telles Soares

Components Design
Gustavo Lorencini

Components Installation

Camili Ambrosio

Tech. Infrastructure
and Operations

Fernando Cardoso
Op. Sup. & Mainten.
Igor Santos
Elect. Engineering
Mauricio Pereira
Beaml. & Labs Infra.
Diogo Peixoto
Autom & Motion Sys.
Filipe Del Nero
Computing Platforms
Eduardo Coelho
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« Scientific groups work together to create
experiments that meet industry and
scientific comunity needs

* Engineering groups work together to
create instruments that meet
scientific/experimental needs

Beamline Design » Synchrotron Beamlines are custom-built to
address a specific group of techniques,
designed to extract specific information
from the analyzed materials

* A synchrotron lab may host dozens of
Beamlines, all working simultaneously
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Phase | beamlines (2019 - 2023)

-

* 15 beamlines built in ~4 years!

~

* 11 currently open to users ‘
| ’
- L/

* 2in commissioning phase

» 2inassembly and installation phase ’

CARNAUBA

—
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Sirius Beamlines
Phase Il beamlines (2024 - 2028)

ARIRANHA Sirius Phase |
i (Instrumentation) -

* 13 new beamlines in next 4 years!
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Beamline concept and complexity




What is a beamline?

Common System decomposition

SOS Beamline

Systems

M O d LI leS Detectors

Experimental
Station

Front-End

Infrastructure

Sample
Enviroment

Sample
Loader

Microfluidics Heat

Components Cryogenics

Pa I’tS Sensors




SIRIUS: 3GeV, 4th gen |
Brazilian Synchrotron AN

Mirrorls
/ 54 m
Vacuum (E =2-14 keV)
Y\ vessel
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SIRIUS: 3GeV, 4th gen =
NN ,,

M1

Brazilian Synchrotron /

27 m

cryocoole

lon pump

(E = 2-14 keV)

Monochromator
S

What is a ook ). 2 130 m
beamline? S §

X-ray monochromator

KB Fluorescence

. Transmitted
Luminescence

Scattered B

Monochromator
crystals

e

| In-vacuum rotary
stages
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SIRIUS: 3GeV, 4th gen
Brazilian Synchrotron

s
AN
J \ \ N

(E = 2-14 keV)

What iS d & » KB Fluorescence
beamllne? " % 5 Experimental Station

Transmitted

Luminescence

TARUMA: 135 m _
res. =500 to 120 nm?2 " Scattered i
In-situ nanoprobe s

SAPOTI: 143 m
Res. =140 to 35 nm?
Cryogenic nanoprobe
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SIRIUS: 3GeV, 4th gen

Brazilian Synchrotron ‘ /

N

(E = 2-14 keV)

What iS a ' : KB Fluorescence
beamllne? Experimental Station l

. Transmitted
Luminescence

Scattered B
s

Nanofocusing optics system
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SIRIUS: 3GeV, 4th gen (\\\\\\\\\&\

Brazilian Synchrotron 4 \; N o —

M1

(E = 2-14 keV)

What iS a G . 7 KB Fluorescence
beam I I ne? Experimental Station l

Ry Auxiliary Transmitted

Rotary Stage Luminescence

Scattered g
-

Sample manipulation System

BRAZILIAN GOVERNMENT

| XZ Planar Stage I I Y Stage |

MINISTRY OF 4
20 SCIENCE TECHNOLOGY | |
AND INNOVATION |
N




@ f" CNPEM

SIRIUS: 3GeV, 4th gen

7
Brazilian Synchrotron ‘

el i

5l =]

M1

(E = 2-14 keV)

What iS a ' : KB Fluorescence
beamllne? Experimental Station l

. Transmitted
Luminescence

Scattered BN
-

X-ray Detector System
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TARUMA Station &

S in situ, in operando, in vivo

Various
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TARUMA Station

Cryogenlc Setup

Sample temperature target: 122K

e Thermal variations must cause minimal
sample displacement (<30nm RMS)

* Must insulate internal dry N2 from
atmospheric air

* Must actively avoid water
condensation/icing

w1\ 11 ¥

-

"Q{ §aan b snan g

20,000 (mrm)

50 100 150 200 250

Thermal drift measurementin SCIENCE TECHNOLOGY
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MOGNO beamline

Micro and Nano tomography

« Zoom from 50 to 0.1 ym resolution ——— BCDIPOLE

In-situ experiments with rocks in pre-
salt reservoir conditions

Various tomography experiments

HORIZONTAL FOCUSING MIRROR

ATTENUATOR KB MIRROR
FAST SHUTTER
‘\'75\
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Why Systems

Engineering for
Synchrotrons?

O CNPEMm

LNLS

Beamllnes are Complex Systems:
Highly connected;
 Performance is highly sensitive to more than one module;
 Often present competing requirements (i.e. temporal
resolution vs. Spatial resolution vs. Environment
conditions);

Many different stakeholders often involved
* Different languages;
* Different points of view;
* Different restrictions and needs;

Beamline’s life-cycle often includes upgrades
to keep up with scientific community demands

Many Beamlines are yet to be built (~25)
 Reusability opportunities;
 Technological heritage opportunities;

lllllllllllllllll
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First steps in SE and
MBSE implementation!

@ O CNPEM

First institutional application of formal SE
and MBSE started in 2023

Better capabilities demands better
performance, and pushes for technological
advancement

Many collaborations starting inside and
outside Brazil

Goal: to start showing value in improving
future projects with quick-and-easy
application of SE and MBSE concepts

lllllllllllllllll
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Motivation R 0O
According to INCOSE

-‘
A

Systems engineering
promotes structured
— processes and
Feasibility Stud 0 ti Ch = c 5 o o
system \ GRS Pond and_ Retiement/ interdisciplinary
FCiEEe) Exploration Maintenance grades ik il . .
y collaboration, leading to

Lifecycle Processes ‘System

" Validation

more efficient project
execution and clearer

System VerificationPlan

System A 1 1
(System Acceptance) communication across

teams.

Subsystem

VerificationPlan  /
- {Subsystem Acceptance) :
High Level 1 TP7Rm e / Subsystem
Design Verificatic

2, _ Unit / Device S
2 Detailed '\ TestPlan nit/ Device &
%; Design /' Testing §
e Software IHéMw & Document/Approval .
\ Development s * Fast Growing
Implementation * Experience
: : Development Processes .

Time e -  Complexity
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System Engineering Workflow

Overview

2
-
©

System Interfaces
& Capabilities

Fun. Fun.

e

£

Fun. Fu Fu

Raw requirements &
Stakeholder needs

/

Functional Analysis +
Solution Generation

Trade-off analysis

E— - )
- —_— 73
- _— | 2 ’7
—_— — o
- _— >
- LL wn J
- > —
- 0p]
. TraceCloud
ReﬂU Scenarios diagrams
o _/—ﬁs (- T T T \
{Szbsystem 1 \ SYS IO O Ol
O OO NSRS
O O /' }[
f S:bs;ste_mz_ o \|
O O O
O O j'

Modularization

Concept documentation +
requirements

-‘
A

A (
= "" CNPEM

We propose an (ideal)
Systems Engineering
workflow for CNPEM,
to gather and manage
requirements and
architect our systems.
The proposal is a fusion
of our current design
workflow and the
traditional one
proposed in ES. Each
step is described in the
following slides.
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System Engineering Workflow
Problem Domain - System Interfaces & Capabilities

Define Use Case

Scenarios (how our

Top Level Use Cases system interacts with
Use Case Scenario external acto rs). The

Energy and

definition of interactions

between users and
{ systems could be done
fimiine Staff / User here to clarify roles and
responsibilities. ldentify

technology gaps to
explore

Input experiment
parameters

Select Operating
Crystal

Circularly or

Vertically Polarize Beam /
O Send Information

Detectors

 Stakeholders

Beamline

* |Interfaces

* Benchmark




System Engineering Workflow

Problem Domain - Requirements Engineering

% 0 CNPEM

Gather raw requirements
from stakeholders and
refine them into more
descriptive and detailed
ones. If needed, break
down raw requirements
into more than one
refined requirement.

* Rewording

e Rationals
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System Engineering Workflow

Problem Domain - Requirements Engineering

E Gather raw requirements
N from stakeholders and

J—— -~ ———7 Ty — B refine them into more
" el S L R—— — St ——— - . . .
5 e e S S e s 2 | — descriptive and detailed
R L e W ke S g 7 e ew fee W, e B I ) ) . B

e T e ones. If needed, break
mmsm—case-nSestdwntistney B abotties Ao tolos SRS down raw requirements
T e———————— . ] T . : into more than one
X T I——— . Ros | refined requirement.
;:-‘—.&-;.;o-;x—.—voto:w——;— 3 : .

S ten e e e e Gty —
— ' d N

\
|

Functional vs Non-functional

Traceability
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T Map the possible uses

— [ of the system,

e g experiments, safety

= procedures, and

maintenance. In-depth

- R > understanding of what

1 the system  should

| accomplish. Try to keep

@~ o Function B the problem solution

neutral and identify the

critical steps and

Function C interfaces in the
expected workflow.

System Engineering Workflow

Problem Domain - Experiment Structure

EXP 1
SYS User

Function A

Actor 2
b
(2]
o
o
3
[ 8]
[m]

System

mmmmm d2p Action 3 -Report 3 —pp Action 4
+ +

T e * Mission and capabilities

Actor 2
b
(2]
o
o
3
[ 8]
[m]

e Actors and Entities

.— > Action 1 Action 5

System

+ .
Function N e Abstractions




System Engineering Workflow R O curem

Solution Domain - Solution Proposal : :
|Identify solutions for

e system functions.
'@ '& : o o ; . Propose different

[ Functons }—f puncions | e . solutions set to explore

interfaces between

components. Define
possible spin-offs of sub-
systems for internal P&D.

- o e e Em e em o e e e m e e e e e e e e e Em em Em e mm e e e e Em em e e e =

e Creativity
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System Engineering Workflow

Solution Domain - Trade-off Analysis

% O CNPEM

Confront different
solutions

for the
expected functions and

different sets
solutions

Trade-off Analysis

- 10.5¢

of

to compose
the system. Model the

solutions to perform a
trade-off analysis.

00®”

Performance

Cost

[ ]
&

Schedule

Low-fidelity models
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System Engineering Workflow R O curem

Solution Domain - Modularization SECRIME dentify Subsystems and

Mogno Modules DSM :\Qooooj their related

Motitzat requirements and
functions. Minimize

interfaces between
HEEEHEEEEEEERE i subsystems. Aggregate

lreuping|

similar functions and
e _ consider LNLS

Baroe I}

17| Estigio Ry 0 7.0) e E
—— organizational structure
G17] Estagio ¥Z () 9.0)
G17] Matrologa 100 X
G17] Mclao Térmice (I} 1.0} and WO rkgrou pS'
17| slip Ring 1)
Gi7| Unidic Rotativa i} 13.0
G20 Barco {5} 14.00
20| Estigic Ry (5] 15.0f
Estigic Ry Ausiliar (S} 16.0)
20 Estiigio XL (5) 4
G20)| Estagio XZ (5] 1800
G20 Estagic ZL (5] 1401

G20| Miiclkeo Térmico (5} 2004

« DSM

Interfaces

e LNLS teams

Canjurit ds troca Infaricr
Canjurts da tro2a Suparior
Basa ca Transfarancia
3] Plataforma de i a7 MINISTRY OF
SCIENCE TECHNOLOGY
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System Engineering Workflow =
[ ] [ ] [ ] [ ] 'E:SOE:;O&S
Solution Domain - Sub-system Consolidation |— —
" — - i — Create  documentation
: — : ] oot s and models from
: o~ el o | requirements,
| Spmineces Mewreamenas  fefped T eer—— subsystems, and physical
: I modules and share them
: SSS| g with other teams (DEL
: —— i and/or MArE).
: e — i
I —_— Concept documentation + :
1 Functional Analysis + Modularization requirements
I Solution Generation q |
—————————————————————————————— N -—— e e e ol
\
\
\
b
4[ Documentation/Model Modelx Document
. * Interfaces

MArE

Solution Concept

BN e MIL
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Systems engineering software workflow
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System Engineering Workflow

Solution Domain - Model Federation Integration

» Raw requirements compilation
» 1st rewording » Functional analysis, Documentation
» Understanding of rationales » Function and requirement connection

» Solutions alternatives
» Conceptual design

=: Capella
.=H=.

tracecloud ...

» Physical Models connections
» Trade-off, sensitive and robustness
» Solutions results vs requirements

s [
] _ o PVMT
» Requirements rewording and & Py4Capella
management ,\@@ M2Doc
> Functional vs non-functional S Req. Viewpoint
» Requirement paramgters target values 93
S & Ansys MC - Capella Connector

» Documentation
» Groupsinterface
» Agreements

» Translation from .csv to .reqif

39
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Spec Collection A

AFTER (implementation objectives)
« Documentation of Design Rationales (Requirement Tracking)
* Impact analysis for design changes or sub-components

* Repurposing common requirements in similar projects

ed From Owner

Rationale Type Verif] n Neccesary Appropriate Unambiguous Complete Singular Feasible Verifiable Correct Conform

Ref

It is within the LNLS future plans to
| Y
infrastruct: thout beaml
The sample holders have to be compatible n r u u_re M_ ou_ m I’TE .
Global 8.6 B 8 restriction. With this, different sizes| SH Constraint TBC Yes Yes Yes Yes Yes Yes Yes Yes
with the setups of other imaging beamlines
Model to list and manage requirements for the TIMBO beamline, part of the ORION project. and shapes of sample holders need
to be compatible to more than one
experimental station.
The Microstation shall be capable to host
Global 8.8.1 ! ! o P 8.8 SH Need Yes Yes Yes Yes Yes Yes Yes Yes Yes
ACRONYMS & both in vivo and in vitro tomography
Brazilian Synchrotron Light Laboratory The inside of the core holder needs to be Transient temperatures can lead to
n N . N changes on the rock sample
Brazilian Center for Research in Energy and Materials Approt LabCon 8.12.1 |heated consistently and kept at up to 90 °C 8.12 N B Sys Requirement Yes Yes Yes Yes Yes Yes Yes Yes Yes
B B B R N microstructure, inviabilizing zoom
Soft and Biological Matter Division Deniei during experiments
. N £ hnol and steady state analysis.
DePl_Jt_v Dlr.ectu:.m TAleE r.m o8y e The starting fluid setup has to endure This is the parameters defined
Brazilian Biosciences National Laboratory TBD LabCon 8.13 |injecting samples with dead oil and brine up 8 together with Petrobras for Semi | Sys Requirement Yes Yes Yes Yes Yes Yes Yes Yes Yes
Ministry of Health to 1000 bar Reservaroty Condition experiments
Ministry of Science, Technology and Innovation
i Has to b ble of to 500 di
TEliz el Dryct | sas [12°10Decapableofprocessingup to 300 dry ) SH Constraint TBC TBC TBC No Yes TBC Yes Yes No
To be defined samples per proposal
To be specified
Ifthe CT
time
contains the
acceleration
GLOSSARY
The high throughput mode have to be able to and
T prycr | 811 € e 8.16 ) Sys Requirement Yes ves Yes Yes ves | Tec | ves | ves No
perform 1 CT per second deceleration|
Requiremement time, we'll
Rationale need to
Status increase this
Stakeholder Hme
Responsability 1 . , For;he ;p;(e volna hav: aval\al:le, it
. Accept wet samples with up to 1" diameter was decided to limit the sample size
Derived from LabCon . P P ) P 8 X P Sys Constraint Yes Yes Yes Yes Yes Yes Yes Yes Yes
- inside the appropriate core holder and prioritize the advantages of a
ype -
Stakeholder Need
Stakeholder Constraint
System Reuireement
System Constraint | . .
Verification Spreadsheets for requirements and restrictions management (MArE group)
Test BRAZILIAN GOVERNMENT

Analysis MINISTRY OF 4
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UNITING AND REBUILDING




LNLS

+ siils

@ O CNPEM

Tracecloud

BRAZILIAN GOVERNMENT
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Requirements Management

Organize what we need the system to deliver

Dependency view

.CSV Reporting

-tracecloud co.-

Version control

Permissions control

Identification and classification

debora.jesus@lnls.br
he mobile instrumentation cart shall be interchangeable between the experimental systems of

support laboratories and beamlines.

To assert the experimental setup can be processed on and off the beamline, without disturbing the sample, so we don't Own e r a n d

interested

Overall
status

onerate beamtime

Examples of the Mogno Microstation project
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Requirements Management

Organize what we need the system to deliver

e Visualization of
dependencies between
e ENE NS

|

* Notion of the
Svs-2: impacts of
bt 3 a6 changes
Understanding

SYS-37:
Tomography position
stability must be 0.5 um

Traces Up To ¢

"bottleneck"

Traces Up To §

SEL-18:
Y cinematic link ky
stiffness: 1.5e9 N/m

Traces Up To ¢

SEL-19:
Y cinematic link kx
stiffness must be 2.3e7
N/m

Traces Up To ¢

SEL-20:
Y cinematic link kz
stiffness must be 2.3e7
N/m

Traces Up To ¢

SEL-21:
Y cinematic Link kyy
stiffness must be 2.3e4
N/m

Traces Up To ¢

SEL-22:
Y cinematic link kxx

stiffness must be at least
e...

Traces Up To ¢

SEL-23:
Y cinematic link kzz

stiffness must be at least
Ye...

tracecloud ...

Reqr

parameters
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Capella
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Capella and Systems Architecture
Operational Capabilities

EPICS

45| £MA Beamline Description of
T operational capabilities
for identifying interfaces

between the system's
capabilities and the main
external agents that will
use it.

% Support Team




Capella and Systems Architecture
Scenarios

-T)User -i,EPICS -?,System -?,Stanford -i,OpticalHutch

l l l Vibratilons

ref

[ES] Input parameters Manage vibrations

Parameters

Receive polarization|

parameters
Ll

for the application of the
system's functionalities.

Position crystals

@positioned

Rotate crystals

11

Identify Bragg

condition
[

|
I
: Definition of the timeline
|
|
|

cly ragg condition circularly or vertically

lApply angular offset

to crystal
||

Oscillate
polarization

|
[
|
trigger in sync with oscillation frequenc

efined>

I'm in position!

Trigg ,l_l

Acquire data
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Capella and Systems Architecture

Function Architecture and Functional Chains

{8 stanfard

-‘
A

A (
= ""mpem

Specification of the
functions of the system
in question and the
external actors with
which it interacts.
Definition of information
exchanges.

Exchange of information,
energy and mass.
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System Engineering Workflow

Solution Domain - Solution Proposal

[ Function 3 ]—)[ Function 5 ]

J
&

D
S~

|dentify solutions for
system functions.
Propose different
solutions to explore
interfaces between
components. Define
possible  spin-offs of

subsystems for internal
R&D. Model integrated
solutions.

Ondulator
Monacramatar fL1KB Mirrar

Generate X- . s B * Creativity

Ray Beam & Focus X-Ray beam

Monocromatize X- D= g
L

3 sacs Ray seam * Risk Management

. DCM Model fLKe Model .
g F * Experience

fClondulator Model %
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System Engineering Workflow

Solution Domain - Solution Modeling

$L]Ondulator

Generate X-
i
Ray Beam

{0l ondulator Model %

<}

Y

L] Monocromator

Monocromahze X-
Ray Beam

@ Focus X-Ray beam

o
DCM Model

Ll ke Model

\\

§L] seamline Requirements
Energy Ranges S[Energy

{Uondulator Mode!

DOV Model

> ce Flux

Beam Dwergetqé

g

fLx8 Model

-‘
A

A
A ""CNPEH'I

|dentify solutions for
system functions.
Propose different
solutions to explore
interfaces between
components. Define
possible  spin-offs  of
subsystems for internal
R&D. Model integrated
solutions.
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System Engineering Workflow

Solution Domain - Model Federation Scheme

python”

SRW
Oasis

Trigger code by Capella
and save the results to a
common file (.yaml).
Capella can access this
file using python4Capella

and allocate parameter in
the model (good for
automatic reporting). In
addition, Capella can
trigger optimizations in
model federation
through ModelCenter




System Engineering Workflow

Solution Domain - Solution Trade-off

12.00
-
:311.75 :
=11.50| ||
o i
bt |
1125}
c
Z11.00]
o I
Z10.75|
810.50{
3 g i e
>10.250 .

All Solutions
s Pareto Surface
+ Desired
All Selutions
e Pareto Surface
¢ Desired

iy
e
i | s b
i HE S
phar.
" I
.
o i ¥ 2. . ‘39
b vE
. 5.
ik A
Z

0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.15" %
Vertical FWHM [pm] <
E

|dentify

system
Propose
solutions to
interfaces
components.

possible

solutions.
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ANSYS Model Center

"
@ l 'CNPEH'I

IIIIIIIIIIIIIIIIIII



ANSYS Model Center A Q creen

. . How to select the best
ORION Models and Capella integration arrangement to satisfy

the requirements of the
[ Ca p e I I a > Creativity outputs

beamline experiment?

With Model Center, it is
possible to simulate,
based on the same input
parameters, different
models and/or scenarios

Comparative study of
models

Trade offs

and study their
respective outputs.

Optimizations

Optimal design

LY Ca p e | I a Definitive project

parameters
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Ansys Model Center

Capella integration

v & Physical Architecture
v B Non-Functional Reqs Catapult

© The total production cost of the catapult shall be less than 600 dollars.
@ The total mass of the catapult shall be less than 500 kg

© The accuracy of the launch shall be +/- 5 meters.

Q The catapult arm must be shorter than 4 meters

© The bucket shall be able to contain a projectile of up to 0.25 meter of

Q The catapuit shall throw a projectile of less than 2 kg and with a diameter of |

v & Data
& Catapuit
= Ropes
[ Stretching Rope
[ Restraining Rope
& Projectile
& Spr ng
& Bucket

diameter v @ Am

v [ Properties Mass

. 2 Ot ol

K 2rescnng opy (5 e amng Memy W sprmg
2 wgComtant Doub

3 mgrenange Dol
D pregacouacy Covtm|

= mass = 200

) Properties Cost

% armLength : Doubl e

= armAccuracy : Double
E Wheel
B Frame
S Base
= Aiming Mechanism
& Environment
B Catapuit System
¥ kg
Ts
¥ m/s*2
T Ns*2/m*2
¥ rad
Xm
¥ N/rad
& (CDB] Catapuit Class Diagram

WEBINAR

Connecting Capella and
ModelCenter to Analyze
System Architecture

: \ Alexandre LUC

Senior Application Engineer at Ansys

Scott RAGON

Principal Product Manager at Ansys

(»

eclipse.org/capella

New

Copy As

Copy CuleC
Delete Delete

Show In Search

Team
Compare With

~

RESTOe O Cotar RIsion
A Launch ModeiCenter MBSE

Migration

Properties At Entes

Launch ModelCenter MBSE

PoDOBDDD

“Connecting

available on

55

Capella channel.
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Capella

Our application is based on the

and

ModelCenter To analyse System
Architecture” Capella Webinar,
Obeo’s website

and on Youtube at the Eclipse
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Last, but not least...

"
@ l 'CNPEH'I

IIIIIIIIIIIIIIIIIII



@ ") enPem

LNLS

 While trying to develop a tailored system
engineering application, we value most
finding the right tool for each job than
developing a tool for each job.

Conclusions

« Capella’s wide range of third part
integration has been crucial to developing
an as seamless as possible multi-software
flow.
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Gabriel Cassiano , Débora
Moreno Bueno - Alves
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